
 

 
 
 
 

                                           SOIL WATER AIR PROTECTION ENTERPRISE 
  Attn: Paul Rosenfeld 

 525 Broadway, Suite 203 
 Santa Monica, California 90401 

 Tel: (310) 795-2335 
 Email: prosenfeld@swape.com 

 
 
To:  Mr. Ken Harris 

Interim Assistant Executive Officer 
California Regional Water Quality Control Board 
Los Angeles Region 
320 West Fourth Street; Suite 200 
Los Angeles, California 90013 

 
 
From: Paul Rosenfeld, Ph.D.  
 
Date: July 28, 2010 
 
RE:      COMMENT LETTER – FORMER KAST PROPERTY TANK FARM TENTATIVE CAO 
 
 
 
 
Dear Mr. Harris, 
 

Soil/ Water/ Air/ Protection Enterprise (SWAPE) has prepared this comment letter to address 
concerns about petroleum hydrocarbon contamination at the former Kast Property Tank Farm in Carson, 
CA. I, Dr. Paul Rosenfeld, have analyzed the sampling data available thus far, and based on the results of 
a preliminary risk assessment that I have conducted, believe that levels of benzene in soil vapor pose a 
real hazard to human health. I strongly encourage the Regional Water Quality Control Board to take 
appropriate actions to protect the residents of the Site. (Appendix A – Rosenfeld CV) 
 
Soil vapor data used in the risk assessment were obtained from the State Water Resources Control Board 
(SWRCB) Geotracker website (soil vapor data including sub-slab vapor data through 5/25/2010) and the 
independent contractor Environmental Engineering & Contracting (EEC), Inc. (sub-slab vapor data 
through 6/23/2010). While I have reviewed and incorporated the results of sub-slab vapor sampling into 
this risk assessment, these values may underestimate the contamination at the Site due to the possible 
venting of gases to the atmosphere before and during sampling. (Appendix B – Benzene Data) 
 
Benzene soil vapor data from the Site were evaluated using the USEPA approved software, ProUCL, to 
determine an upper confidence limit (UCL). The USEPA’s 1989 Risk Assessment Guidance for 
Superfund requires that risk assessments of Superfund Site be based on an estimate of the Reasonable 
Maximum Exposure (RME) at the entire site (Appendix C – 1989 USEPA Risk Assessment Guidance 



for Superfund). The document explains, “The reasonable maximum exposure is defined here as the 

highest exposure that is reasonably expected to occur at a site….Because of the uncertainty associated 
with any estimate of exposure concentration, the upper confidence limit (i.e. the 95 percent upper 
confidence limit) on the arithmetic average will be used for this variable.” In order to standardize 
calculation of the upper confidence limit, ProUCL software was developed by Lockheed Martin under a 
contract with the EPA to calculate the upper confidence limit of a set of values (Appendix D – ProUCL 
User Guide).  
 
Following determination of the benzene soil gas UCL concentrations, preliminary cancer risk estimates 
for residents from indoor benzene vapor intrusion were determined using a model developed by Johnson 
and Ettinger. The USEPA’s Johnson-Ettinger model is designed to allow the user to input soil gas 
concentrations and sampling depth information and calculate a cancer risk from vapor intrusion to indoor 
air (Appendix E – User’s Guide for Evaluating Subsurface Vapor Intrusion Into Buildings). 
 

 The UCL at 0-5 ft (incorporating the sub-slab soil vapor results approximated at 0.5 ft bgs) is 
determined to be 66,161 µg/m3. The cancer risk to residents at the site from vapor intrusion to 
indoor air was calculated to be 5.0x10-4, or 500 excess cancers in one million (or 5 excess 
cancers in ten thousand). (Appendix F – ProUCL Outputs; Appendix G – Johnson & 
Ettinger Model Output) 

 

 The UCL at 0-10 ft bgs is determined to be 66,349 µg/m3. The cancer risk to residents at the 
site from vapor intrusion to indoor air was calculated to be 5.0x10-4, or 500 excess cancers in 
one million (or 5 excess cancers in ten thousand). (Appendix F – ProUCL Outputs; 
Appendix G – Johnson & Ettinger Model Output) 

 
These levels of benzene represent a serious hazard to the residents of the Site. The EPA’s “acceptable” 
carcinogen risk range is 10-6 (one excess cancer in one million – more stringent criteria) to 10-4 (one 
excess cancer in ten thousand – less stringent) (Appendix H – User’s Guide for USEPA PRG Table). 
Thus, cancer risks to residents at the Site from benzene vapor exceed the EPA’s acceptable risk levels at 
least several times over. Furthermore, benzene levels at the Site are significantly higher than the 
California Environmental Protection Agency’s (Cal/EPA) California Human Health Screening Level 
(CHHSL) for benzene in soil gas of 36.2 µg/m3, established for a residential scenario and developed to 
protect human health (Appendix I -  CalEPA CHHSLs). 
 
The risk to human health from benzene is well-recognized (Appendix J – ATSDR Toxicological Profile 
for Benzene). Multiple authoritative bodies, including OEHHA, IARC, WHO, USEPA, and DHHS, 
recognize benzene as a known human carcinogen. The International Agency for Research on Cancer 
(IARC) classifies benzene as a Group 1 carcinogen, indicating by definition that the evidence of 
carcinogenicity to humans is sufficient. The USEPA classifies benzene as a Category A known human 
carcinogen, for all routes of exposure based on human evidence as well as supporting evidence from 
animal studies. Benzene is also considered a known carcinogen by the Department of Health and Human 
Services based on human evidence showing a causal relationship between benzene exposure and cancer. 



Furthermore, studies have demonstrated the negative health effects to residents from exposure to gasoline 
leaked from underground storage tanks (Appendix K – Patel 2004). In addition, the American Petroleum 
Institute (API) in 1948, stated that, “Inasmuch as the body develops no tolerance to benzene, and as there 
is a wide variation in individual susceptibility, it is generally considered that the only absolutely safe 
concentration for benzene is zero.” (Appendix L – 1948 API Toxicological Review of Benzene) 
 
Additionally, the CAO stops short of protecting the residents of the Site due to the fact that the soil vapor 
extraction technology that has been suggested will not remediate heavier hydrocarbons such as PAHs. I 
conducted an evaluation of PAHs in the soil in addition to the evaluation of benzene vapor, and found 
Benzo(a)pyrene (BaP) equivalents in excess of the EPA’s screening level for BaP in residential soil. The 
mean concentration of BaP equivalents at the Site was found to be 0.059 mg/kg, several times higher than 
the EPA’s screening level for BaP in residential soil of 0.015 mg/kg (See Appendix O – PAH Data). I 
hope that this contamination will also be addressed in the revised CAO. 
 
The levels of benzene and PAHs at the former Kast site are dangerously elevated and the need for a 
complete remediation is evident. It is clear, furthermore, that remediation should proceed under the 
principle that the Site is one Operable Unit, as opposed to individual tracts of land with separate 
contamination, risk, and remediation requirements. The term, “Operable Unit,” is defined by the Navy as 
“a group of one or more clean-up sites that have similar characteristics, such as contaminants, industrial 
processes, or location” (Appendix M – U.S. Navy Glossary of Acronyms and Terms). In this instance, the 
homes at the Site all share contaminants of concern, historical industrial processes, and location; thus, the 
entire Site should be considered one Operable Unit for risk assessment and remediation purposes.  
 
The Regional Water Quality Control Board’s reluctance to officially characterize the Site as one Operable 
Unit for remediation purposes is worrying, and I believe that this deficiency in the Cleanup and 
Abatement Plan could allow Shell the opportunity to evade a thorough cleanup of the Site, putting the 
health of the residents at risk. I believe that it is the responsibility of the LARWQCB to keep the best 
interest of the residents in mind, and hope that it will do its best to fulfill this duty. During the July 20, 

2010 meeting held at the LARWQCB office regarding the Former Kast Property Tank Farm, Ken 
Harris, Interim Assistant Executive Officer, stated that he considered the Site one unit from a 
remediation perspective, and that individual addresses were being used for the purposes of data 
collection only (See Appendix N – CRWQCB July 20 Meeting Attendance Sheet). I hope that this 
position will be clearly expressed in the revised Cleanup and Abatement Plan. 
 
Finally, to the extent that classification of the tanks as Underground Storage Tanks (USTs) may facilitate 
remediation of the Site, I would like to provide evidence that the storage tanks at the site are defineable as 
USTs: 
  

 According to the USEPA’s Terms of Environment: Glossary, Abbreviations and Acronyms, an 
Underground Storage Tank is defined as, “A tank located at least partially underground and 
designed to hold gasoline or other petroleum products or chemicals.” (Appendix P – USEPA 
UST Definition) 



 

 According to the State Water Resources Control Board’s Underground Storage Tank 
Regulations, Title 23, California Code of Regulations, Chapter 16, an Underground Storage Tank 
is characterized as being “substantially beneath the surface of the ground,” meaning that at least 
10 percent of the underground tank system volume, including the volume of any connected 
piping, is below the ground surface or enclosed below earthen materials. (Appendix Q – 
SWQCB UST Regulations) 

 

 According to Title 40 of the Code of Federal Regulations (40 CFR) pertaining to Protection of the 
Environment, part 280.12, an “Underground storage tank or UST means any one or combination 
of tanks (including underground pipes connected thereto) that is used to contain an accumulation 
of regulated substances, and the volume of which (including the volume of underground pipes 
connected thereto) is 10 percent or more beneath the surface of the ground.” (Appendix R – 40 
CFR) 

 
In conclusion, we hope that the revised CAO will call for a remediation approach that will assure 
complete removal/remediation of petroleum impacted soil. Due to the reality that extensive excavation in 
close proximity to homes will compromise the structural integrity of the homes, complete 
removal/remediation of impacted soil will logically necessitate demolition/removal of all homes in the 
Carousel neighborhood prior to remediation. Furthermore, it should be required that any future 
remediation work plans incorporate plans for an air monitoring program to monitor levels of polycyclic 
aromatic hydrocarbons (PAHs), particulate matter (PM), volatile organic compounds (VOCs), and odor 
during soil removal activities. 
 
 
Respectfully, 
 
Paul Rosenfeld, Ph.D. 
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Paul Rosenfeld, Ph.D.  Chemical Fate and Transport 

Principal Environmental Chemist   Risk Assessment, Odor Quantification and Modeling 

 

Education 

Ph.D. Soil Chemistry, University of Washington, 1999. Dissertation on VOC filtration. 

M.S. Environmental Science, U.C. Berkeley, 1995. Thesis on organic waste economics. 

B.A. Environmental Studies, U.C. Santa Barbara, 1991.  Thesis on wastewater treatment. 

 

Professional Experience 

Dr. Rosenfeld  is  the environmental and odor chemist at Soil Water Air Protection Enterprise (SWAPE). 

His  focus  is  the  fate  and  transport  of  environmental  contaminants,  risk  assessment,  and  ecological 

restoration.   His project experience  ranges  from monitoring and modeling of pollution sources as  they 

relate  to  human  and  ecological  health.  Dr.  Rosenfeld  has  investigated  and  designed  remediation 

programs and risk assessments for contaminated sites containing, odorants, pesticides, radioactive waste, 

PCBs, PAHs, dioxins, furans, volatile organics, semi‐volatile organics, chlorinated solvents, perchlorate, 

heavy metals, asbestos, petroleum, PFOA, unusual polymers, and  fuel oxygenates.   Significant projects 

performed by Dr. Rosenfeld include the following: 

 

Litigation Support 

 

Client: Cotchett Pitre & McCarthy (San Francisco, California) 

Served as testifying expert representing home owners who unknowingly purchased homes built on an old oil field in 

Santa Maria, California. Properties have high concentrations of petroleum hydrocarbons in subsurface soils 

resulting in diminished property value.   
 

Client: Gerardi Keese (Los Angeles, California) 

Serving as expert testifying on hydrocarbon exposure to a woman who worked on a fuel barge operate by Chevron. 
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Client: Brent Coon Law Firm (Cleveland, Ohio) 

Serving as expert calculating an environmental exposure to benzene, PAHs, and VOCs from a Chevron Refinery in 

Hooven Ohio.  Running AERMOD to calculate cumulative dose. 
 

Client: Lundy Davis (Lake Charles, Louisiana) 

Served as expert on an oil field case representing the lease holder of a contaminated oil field.  Conducted field work 

evaluating oil field contamination in Sulfur, Louisiana. Property is owned by Conoco Phillips, but leased by Yellow 

Rock, a small oil firm. 
 

Client: Cox Cox Filo (Lake Charles, Louisiana) 

Serving as expert on oil multimillion gallon oil spill in Lake Charles on June 19, 2006 resulting in hydrocarbon 

vapor exposure to hundreds of worker exposure plaintiffs and residential exposure plaintiffs.   Prepared air model 

and calculated dose. 
 

Client: Estep and Shafer (West Virginia) 

Served as expert running various air models to calculate acid emissions dose to residents resulting from emissions 

from a coal fired power plant in West Virginia.  
 

Client: Watts Law Firm (Austin, Texas), Woodfill Pressler (Houston, Texas), Wosca & Ass. (Oklahoma) 

Serving and testifying as expert regarding community and worker exposure to CCA, creosote, PAHs, and 

dioxins/furans from a BNSF and Kopper’s Facility in Somerville, Texas.   Conducted field sampling, risk 

assessment, dose assessment and air model to quantify exposure to workers and community members.  
 

Client: Baron &  Budd (Dallas, Texas) & Weitz & Luxenberg (New York, NY) 

Serving as consulting expert in MTBE Federal Multi District Litigation (MDL) in New York.   Consolidated ground 

water data, created maps for test cases, constructed damage model, evaluated taste and odor threshold levels.  
 

Client: Environmental Litigation Group (Birmingham, Alabama) 

Served as expert regarding community exposure to CCA, creosote, PAHs, and dioxins/furans from a Louisiana 

Pacific wood treatment facility in Florala, Alabama.  Conducted blood sampling and environmental sampling to 

determine environmental exposure to dioxins/furans and PAHs. 
 

Client: Baron &  Budd (Dallas Texas) and Korein Tillery (Madison County, Illinois) 

Serving as expert for a Class Action defective product Atrazine claim filed in Madison County, Illinois against 

Syngenta and five other manufactures.  The plaintiff class representative is Holiday Shores Water System who is 

evaluating health issues associated with atrazine, costing out treatment for filtration of public drinking water 

supplies. 
 

 

 

Client: Sanders Law (Colorado Springs, Co) and Vamvoras & Schwartzberg (Lake Charles, Louisiana) 
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Serving as expert calculating chemical exposure to over 500 workers from large ethylene dichloride spill in Lake 

Charles, Louisiana at the Conoco Phillips Refinery.     
 

Client: Law Offices Of Anthony Liberatore P.C. (Los Angeles, California) 

Served as testifying expert representing individuals who rented homes on the Inglewood Oil Field in California. 

Individuals were exposed to hydrocarbon contaminated water and air, and experiences health harms associated with 

the exposure.   
 

Client: Tommy Franks Law Firm  (Austin, Texas) 

Serving as expert relating to contaminant releases hazardous waste injection program resulting in groundwater 

contamination resulting from negligent actions of Morton Thiokol and Rohm Hass.  Interpreting the drinking water 

contamination and community exposure. 
 

Client: Baron &  Budd (Dallas Texas) and Sher Leff (San Francisco, California) 

Serving as consulting expert for several California cities that have filed defective product cases against Dow 

Chemical and Shell for 1,2,3-trichloropropane groundwater contamination.   Generated maps showing capture zones 

of impacted wells for various municipalities. 
 

Client:  Baron & Budd P.C. (Dallas, Texas) 

Served as consulting expert in a defective product lawsuit against Dow Agroscience focusing on Clopyralid, a 

recalcitrant herbicide that damaged numerous compost facilities across the United States. 
 

Client: Sullivan Papain Block McGrath & Cannavo (NY, NY) and The Cochran Firm (Dothan, MS) 

Served as expert regarding community exposure to metals, PAHs PCBs, and dioxins/furans from the burning of 

Ford Paint Sludge and municipal solid waste in Ringwood, New Jersey. 
 

Client: Rose, Klein Marias (Los Angeles, CA) 

Serving as expert in Proposition 65 cases, each one citing an individual facility in the Port of Oakland.  Prepared air 

dispersion and risk models to demonstrate that each facility emits diesel particulate matter that results in risks 

exceeding 1/100,000, hence violating the Proposition 65 Statute. 
 

Client: Rose, Klein Marias (Los Angeles, CA) 

Serving as expert in 55 Proposition 65 cases, each one citing an individual facility in the Port of Los Angeles and 

Port of Long Beach as the defendant.  Prepared air dispersion and risk models to demonstrate that each facility emits 

diesel particulate matter that results in risks exceeding 1/100,000, hence violating the Proposition 65 Statute. 
 

 

 

 

Client: Graham & Associates (Calabasas, CA) 
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Serving as expert in a case in which General Motors is the plaintiff and BP Arco is the defendant.  Conducting air 

models to demonstrate that sulfur emissions from the BP Arco facility formed sulfuric acid, destroying paint on over 

350 automobiles. 
 

Client: Rose, Klien Marias  (Los Angeles, CA) and Environmental Law Foundation (San Francisco, CA) 

Serving as expert in a Proposition 65 case against potato chip manufacturers.   SWAPE conducted an analysis of 

several brands of potato chips for acrylamide concentration and found that all samples exceeded Proposition 65 No 

Significant Risk Levels.  
 

Client: Gonzales & Robinson (Westlake Village, CA) 

Serving as testifying expert in a toxic tort case against Chevron (Ortho) for allowing a community to be 

contaminated with lead arsenate pesticide.  Created air dispersion models, soil vadose zone transport models, and 

evaluated bioaccumulation of lead arsenate in food. 
 

Client: Environment Now (Santa Monica, CA) 

Served as expert for Environment Now to convince the State of California to file a nuisance claim against the 

automobile manufactures to recover MediCal damages from expenditures on asthma-related health care costs. 
 

Client: Trutanich Michell (Long Beach, California) 

Served as expert representing San Pedro Boat Works in the Port of Los Angeles.  Prepared air dispersion, 

particulate air dispersion, and storm water discharge models to demonstrate that Kaiser Bulk Loading is responsible 

for copper concentrate accumulating in the bay sediment.  
 

Client:  Masry Vitatoe (Westlake Village, CA), Engstrom Lipscomb Lack (Los Angeles, CA) & Baron & 

Budd (Dallas Texas). 

Served as consulting expert in Proposition 65 lawsuit filed against the major oil companies for benzene and toluene 

releases from gas stations and refineries which contaminated groundwater.  Settlement included over $110 million 

dollars in injunctive relief. 
 

Client:  Baron & Budd P.C. Dallas Texas and Korein Tillery (Madison, County) 

Illinois, Private Wells Analysis: Coordinated data acquisition and GIS analysis evaluating private well proximity to 

leaking underground storage tanks to support litigation noting that private well owners should be compensated for 

MTBE testing. 
 

Client:  Orange County District Attorney (Orange County, California) 

Coordinated a review of 143 ARCO gas stations in Orange County to assist the District Attorney’s prosecution of 

CCR Title 23 and California Health and Safety Code violators.  
 

 

Client:  Azurix of North America (Fort Myers, Florida) 
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Provided expert opinions, reports and research pertaining to a proposed County Ordinance requiring biosolids 

applicators to measure VOC and odor concentrations at application sites’ boundaries.  
 

Client:  MCP Polyurethane (Pittsburg, Kansas)  

Provided expert opinions and reports regarding metal-laden landfill runoff that damaged a running track by causing 

the reversion of the polyurethane due to its catalytic properties. 

 

Risk Assessment And Modeling 
 

Client: ABT-Haskell  (San Bernardino, California) 

Prepared air dispersion model for a proposed state-of-the-art enclosed compost facility.  Developed odor detection 

limits to predict 1, 8, and 24-hour off-site concentrations of sulfur, ammonia, and amine as well as prepared a traffic 

analysis.   
 

Client:  Jefferson PRP Group (Los Angeles, California)  

Evaluated exposure pathways for chlorinated solvents and hexavalent chromium for human health risk assessment 

of Los Angeles Academy (formerly Jefferson New Middle School) operated by Los Angeles Unified School 

District. 
 

Client:  Covanta (Susanville California) 

Prepared human health risk assessment for Covanta Energy focusing on agricultural worker exposure to caustic 

fertilizer. 
 

Client:  CIWMB  (Sacramento California) 

Used dispersion models to estimate traveling distance and VOC concentrations at downwind from a composting 

facility for the California Integrated Waste Management Board. 
 

Client:  Carboquimeca (Bogotá, Columbia) 

Evaluated exposure pathways for human health risk assessment for a confidential client focusing on significant 

concentrations of arsenic and chlorinated solvents contaminating groundwater used for drinking water.  
 

Client:  Navy Base Realignment and Closure Team (Treasure Island, California)  

Used Johnson-Ettinger model to estimate indoor air PCB concentrations and compared estimated values with 

empirical data collected in homes.  Negotiated action levels with DTSC. 
 

Client:  San Diego State University (San Diego California) 

Measured CO2 flux from soils amended with different quantities of biosolids compost at Camp Pendleton to 

determine CO2 credit values for coastal sage under fertilized and non-fertilized conditions. 
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Client:  Navy Base Realignment and Closure Team (MCAS Tustin, California) 

Evaluated cumulative risk of a multiple pathway scenario with a child resident and a construction worker’s exposure 

to air and soil via particulate and vapor inhalation, incidental soil ingestion, and dermal contact with soil. 
 

Client:  MCAS Miramar (San Diego, California) 

Evaluated exposure pathways of metals in soil, comparing site data to background data. Risk assessment 

incorporated multiple pathway scenarios assuming child resident and construction worker exposure to particulate 

and vapor inhalation, soil ingestion, and dermal soil contact. 
 

Client:  Naval Weapons Station (Seal Beach, California) 

Used a multiple pathway model to generate dust emission factors from automobiles driving on dirt roads. Calculated 

bioaccumulation of metals, PCBs, dioxin congeners and pesticides to estimate human and ecological risk. 
 

Client:  King County, Douglas County (Washington State)   

Measured PM10 and PM2.5 emissions from windblown soil treated with biosolids and a polyacrylamide polymer in 

Douglas County Washington. Used Pilat Mark V impactor for measurement and compared data to EPA particulate 

regulations. 
 

Client:  King County, Seattle, Washington.   

Conducted emission inventory for several compost and wastewater facilities comparing VOC, particulate, and fungi 

concentrations to NIOSH values estimating risk to workers and individuals at neighboring facilities. 

 

Air Pollution Investigation and Remediation 

 

Client:  Republic Landfill (Santa Clarita, CA) 

Managed a field investigation of odor around a landfill during 30+ events.  Using hedonic tone, butanol scale, 

dilution-to-threshold values, and odor character to evaluate odor sources and character and intensity.  
 

Client:  California Biomass (Victorville, CA) 

Managed a field investigation of odor around landfill during 9+ events.  Using hedonic tone, butanol scale, dilution-

to-threshold values, and odor character to evaluate odor sources, character and intensity.  
 

Client:  ABT-Haskell (Redlands, California) 

Assisted in permitting a compost facility that will be completely enclosed with a complex scrubbing system using 

acid scrubbers, base scrubbers, biofilters, heat exchangers and chlorine to reduce VOC emissions by 99 percent.   
 

Client:  Synagro (Corona, California)  

Designed and monitored 30-foot by 20-foot by 6-foot biofilter for VOC control from an industrial composting 

facility in Corona, California, reducing VOC emissions by 99 percent.   
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Client:  Jeff Gage, (Tacoma, Washington) 

Conducted emission inventory at industrial compost facility using GC/MS analyses for VOCs. Evaluated 

effectiveness of VOC and odor control systems and estimated human health risk. 
 

Client:  Daishowa America (Port Angeles Mill, Washington) 

Analyzed industrial paper sludge and ash for VOCs, heavy metals and nutrients to develop a land application 

program. Metals were compared to federal guidelines to determine maximum allowable land application rates. 
 

Client:  Jeff Gage (Puyallup Washington)  

Measured effectiveness of biofilters at composting facility and ran EPA dispersion models to estimate traveling 

distance of odor and human health risk from exposure to volatile organics. 

 

Surface Water, Groundwater, and Wastewater Investigation/Remediation 

 
Client:  Confidential  (Downey, California)  

Managed groundwater investigation to determine horizontal extent of 1000 foot TCE plume associated with a metal 

finishing shop. 
 

Client:  Confidential  (West Hollywood, California) 

Designed soil vapor extraction system that is currently being installed for confidential client.  Managed groundwater 

investigation to determine horizontal extent of TCE plume associated with dry cleaning.  
 

Client:  Synagro Technologies (Sacramento, California)  

Managed groundwater investigation to determine if biosolids application impacted salinity and nutrient 

concentrations in groundwater. 
 

Client:  Navy Base Realignment and Closure Team (Treasure Island, California) 

Assisted in the design and remediation of PCB, chlorinated solvent, hydrocarbon and lead contaminated 

groundwater and soil on Treasure Island. Negotiated screening levels with DTSC and Water Board. Assisted in the 

preparation of FSP/QAPP, RI/FS, and RAP documents and assisted in CEQA document preparation.  
 

Client:  Navy Base Realignment and Closure Team (MCAS Tustin, California)  

Assisted in the design of groundwater monitoring systems for chlorinated solvents at Tustin MCAS.  Contributed to 

the preparation of FS for groundwater treatment. 
 

Client:  MCP (Walnut, California)  

Conducted forensic surface water and sediment sampling. Designed and conducted bench scale laboratory 

experiments.  Demonstrated that metal and organic contaminants in storm water and sediment from landfill flooded 

and chemically compromised a polyurethane track. 
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Client:  Mission Cleaning Facility (Salinas California)  

Prepared a RAP and cost estimate for using an oxygen releasing compound (ORC) and molasses to oxidize diesel 

fuel in soil and groundwater at Mission Cleaning in Salinas. 
 

Client:  U.S. EPA Superfund (Bunker Hill, Idaho)   

Established and monitored experimental plots in wetland and upland mine tailings contaminated with zinc and lead 

in Smelterville, Idaho. Used organic matter and pH adjustment for wetland remediation and erosion control. 
 

Client:  City of Redmond (Richmond, Washington)  

Collected storm water from compost-amended and fertilized turf to measure nutrients in urban runoff. Evaluated 

effectiveness of organic matter-lined detention ponds on reduction of peak flow during storm events. Drafted 

compost amended landscape installation guidelines to promote storm water detention and nutrient runoff reduction. 
 

Client:  City of Seattle (Seattle, Washington) 

Measured VOC emissions from Renton wastewater treatment plant in Washington. Ran GC/MS, dispersion models, 

and sensory panels to characterize, quantify, control and estimate risk from VOCs. 
 

Client:  Plumas County (Quincy, California) 

Installed wetland to treat contaminated water containing 1% copper in an EPA Superfund site. Revegetated 10 acres 

of acidic and metal laden sand dunes resulting from hydraulic mining. Installed and monitored piezometers in 

wetland estimating metal loading. 
 

Client:  Adams Egg Farm (St. Kitts, West Indies)   

Designed, constructed, and maintained 3 anaerobic digesters at Springfield Egg Farm, St. Kitts. Digesters treated 

chicken excrement before effluent discharged into sea. Chicken waste was converted into methane cooking gas. 
 

Client:  BLM (Kremmling Colorado)   

Collected water samples for monitoring program along upper stretch of the Colorado River. Rafted along river, 

protecting water quality by digging and repairing latrines. 

 
 

Soil Science and Restoration Projects 

 

Client:  Kinder Morgan (San Diego County California)   

Designed and monitored the restoration of a 110-acre project on Camp Pendleton along a 26-mile pipeline. 

Managed crew of 20, planting coastal sage, riparian, wetland, native grassland, and marsh ecosystems. Negotiated 

with the CDFW concerning species planting list and success standards. 
 

 

 

Client:  NAVY BRAC (Orote Landfill, Guam)  
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Designed and monitored pilot landfill cap mimicking limestone forest. Measured different species’ root-penetration 

into landfill cap. Plants were used to evapotranspirate water, reducing water leaching through soil profile.  
 

Client:  LA Sanitation District Puente Hills Landfill (Whittier, California) 

Monitored success of upland and wetland mitigation at Puente Hills Landfill operated by Sanitation Districts of Los 

Angeles. Negotiated with the Army Corps of Engineers and CDFG to obtain an early sign-off. 
 

Client:  City of Escondido (Escondido California)  

Designed, managed, installed, and monitored a 20-acre coastal sage scrub restoration project at Kit Carson Park, 

Escondido, California.  
 

Client:  Home Depot (Encinitas, California)  

Designed, managed, installed and monitored a 15-acre coastal sage scrub and wetland restoration project at Home 

Depot in Encinitas, California. 
 

Client:  Alvarado Water Filtration Plant (San Diego, California)  

Planned, installed and monitored 2-acre riparian and coastal sage scrub mitigation in San Diego California. 
 

Client:  Monsanto and James River Corporation (Clatskanie Oregon)  

Served as a soil scientist on a 50,000-acre hybrid poplar farm.  Worked on genetically engineering study of Poplar 

trees to see if glyphosate resistant poplar clones were economically viable.  
 

Client:  World Wildlife Fund (St. Kitts, West Indies) 

Managed 2-year biodiversity study, quantifying and qualifying the various flora and fauna in St. Kitts' expanding 

volcanic rainforest. Collaborated with skilled botanists, ornithologists and herpetologists. 
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Feng, L., Wu, C., Tam, L., Sutherland, A.J., Clark, J.J., Rosenfeld, P.E., (2010). Dioxin and Furan Blood Lipid and 

Attic Dust Concentrations in Populations Living Near Four Wood Treatment Facilities in the United States. Journal 

of Environmental Health, In Press. 
 

Cheremisinoff, N.P., & Rosenfeld, P.E. (2010). Best Practices in the Wood and Paper Industries, Amsterdam: 

Elsevier Publishing. 
 

Cheremisinoff, N.P., & Rosenfeld, P.E. (2009). Best Practices in the Petroleum Industry, Amsterdam: Elsevier 

Publishing. 
 

Wu, C., Tam, L., Clark, J., Rosenfeld, P. (2009). ‘Dioxin and furan blood lipid concentrations in populations living 

near four wood treatment facilities in the United States’, in Brebbia, C.A. and Popov, V., eds., Air Pollution XVII: 
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Proceedings of the Seventeenth International Conference on Modelling, Monitoring and Management of Air 

Pollution, Tallinn, Estonia. 20-22 July, 2009, Southampton, Boston. WIT Press.    
 

Tam L. K.., Wu C. D., Clark J. J. and Rosenfeld, P.E. (2008) A Statistical Analysis Of Attic Dust And Blood Lipid 

Concentrations Of Tetrachloro-p-Dibenzodioxin (TCDD) Toxicity Equivalency Quotients (TEQ) In Two 

Populations Near Wood Treatment Facilities. Organohalogen Compounds, Volume 70 (2008) page 002254. 
 

Tam L. K.., Wu C. D., Clark J. J. and Rosenfeld, P.E. (2008) Methods For Collect Samples For Assessing Dioxins 

And Other Environmental Contaminants In Attic Dust: A Review.  Organohalogen Compounds, Volume 70 (2008) 

page 000527. 

Hensley, A.R. A. Scott, J. J. J. Clark, P. E. Rosenfeld (2007) “Attic Dust and Human Blood Samples Collected near 

a Former Wood Treatment Facility” Environmental Research. 105, pp 194-197. 

Rosenfeld, P.E., J. J. J. Clark, A. R. Hensley, M. Suffet. (2007) “The Use of an Odor Wheel Classification for 

Evaluation of Human Health Risk Criteria for Compost Facilities” –Water Science & Technology 55(5): 345-357. 

 

Rosenfeld, P.E.,  M. Suffet. (2007) “The Anatomy Of Odour Wheels For Odours Of Drinking Water, Wastewater, 
Compost And The Urban Environment ” Water Science & Technology 55(5): 335-344. 
 
 

Sullivan, P. J. Clark, J.J.J., Agardy, F. J., Rosenfeld, P.E., (2007) “Toxic Legacy, Synthetic Toxins in the Food, 

Water, and Air in American Cities,” Elsevier Publishing, Boston Massachusetts. 
 

Rosenfeld P.E., and Suffet, I.H. (Mel) (2007) “Anatomy Of An Odor Wheel” Water Science and Technology, In 

Press.  
 

Rosenfeld, P.E., Clark, J.J.J., Hensley A.R., Suffet, I.H. (Mel) (2007) “The use of an odor wheel classification for 

evaluation of human health risk criteria for compost facilities.” Water Science And Technology, In Press.  
 

Hensley A.R., Scott, A., Rosenfeld P.E., Clark, J.J.J.  (2006) “Dioxin Containing Attic Dust And Human Blood 

Samples Collected Near A Former Wood Treatment Facility.” The 26th International Symposium on Halogenated 

Persistent Organic Pollutants – DIOXIN2006, August 21 – 25, 2006. Radisson SAS Scandinavia Hotel in Oslo 

Norway.  

 

Rosenfeld, P.E., and Suffet I.H. (2004) "Control of Compost Odor Using High Carbon Wood Ash", Water Science 

and Technology, Vol. 49, No. 9. pp. 171-178. 
 

Rosenfeld, P.E., Clark J. J. and Suffet, I.H. (2004) "Value of and Urban Odor Wheel.” (2004). WEFTEC 2004. 

New Orleans, October 2 - 6, 2004. 
 

Rosenfeld, P.E., and Suffet, I.H. (2004) "Understanding Odorants Associated With Compost, Biomass Facilities, 

and the Land Application of Biosolids" Water Science and Technology. Vol. 49, No. 9. pp 193-199. 
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Rosenfeld, P.E., and Suffet I.H. (2004) "Control of Compost Odor Using High Carbon Wood Ash", Water Science 

and Technology, Vol. 49, No. 9. pp. 171-178. 
 

Rosenfeld, P. E., Grey, M. A., Sellew, P.  (2004) Measurement of Biosolids Odor and Odorant Emissions from 

Windrows, Static Pile and Biofilter. Water Environment Research. 76 (4): 310-315 JUL-AUG 2004.  
 

Rosenfeld, P. E., Grey, M., (2003) Two stage biofilter for biosolids composting odor control. Seventh International 

In Situ And On Site Bioremediation Symposium.  Batelle Conference Orlando Florida. June 2 and June 6, 2003. 
 

Rosenfeld, P.E., Grey, M and Suffet, M. 2002. “Controlling Odors Using High Carbon Wood Ash.” Biocycle, 

March 2002, Page 42.  
 

Rosenfeld, P.E., Grey, M and Suffet, M. (2002). “Compost Demonstration Project, Sacramento, California Using 

High-Carbon Wood Ash to Control Odor at a Green Materials Composting Facility Integrated Waste Management 

Board Public Affairs Office, Publications Clearinghouse (MS–6), Sacramento, CA Publication #442-02-008. April 

2002.  
 

Rosenfeld, P.E., and C.L. Henry.  2001.  Characterization of odor emissions from three different biosolids. Water 

Soil and Air pollution. Vol. 127 Nos. 1-4, pp. 173-191 
 

Rosenfeld, P.E., and Henry C. L., 2000. Wood ash control of odor emissions from biosolids application. Journal of 

Environmental Quality. 29:1662-1668. 
 

Rosenfeld, P.E., C.L. Henry and D. Bennett. 2001.  Wastewater dewatering polymer affect on biosolids odor 

emissions and microbial activity. Water Environment Research. 73: 363-367. 
 

Rosenfeld, P.E., and C.L. Henry.  2001.  Activated Carbon and Wood Ash Sorption of Wastewater, Compost, and 

Biosolids Odorants Water Environment Research, 73: 388-392. 
 

Rosenfeld, P.E., and Henry C. L., 2001. High carbon wood ash effect on biosolids microbial activity and odor. 

Water Environment Research. Volume 131 No. 1-4, pp. 247-262 
 

Rosenfeld, P.E, C.L. Henry, R. Harrison. 1998.  Oat and Grass Seed Germination and Nitrogen and Sulfur 

Emissions Following Biosolids Incorporation With High-Carbon Wood-Ash. Water Environment Federation 12th 

Annual Residuals and Biosolids Management Conference Proceedings. Bellevue Washington. 
 

Chollack, T. and P. Rosenfeld.  1998. Compost Amendment Handbook For Landscaping. Prepared for and 

distributed by the City of Redmond, Washington State. 
 

P. Rosenfeld.  1992.  The Mount Liamuiga Crater Trail. Heritage Magazine of St. Kitts, Vol.  3 No. 2. 
 

P. Rosenfeld.  1993.  High School Biogas Project to Prevent Deforestation On St. Kitts.  Biomass Users Network, 

Vol. 7, No. 1, 1993. 
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P. Rosenfeld.  1992.  British West Indies, St. Kitts. Surf Report, April  issue. 
 

P. Rosenfeld.  1998.  Characterization, Quantification, and Control of Odor Emissions From Biosolids Application 

To Forest Soil. Doctoral Thesis. University of Washington College of Forest Resources. 
 

P. Rosenfeld.  1994.  Potential Utilization of Small Diameter Trees On Sierra County Public Land. Masters thesis 

reprinted by the Sierra County Economic Council. Sierra County, California. 
 

P. Rosenfeld.  1991.  How to Build a Small Rural Anaerobic Digester & Uses Of Biogas In The First And Third 

World. Bachelors Thesis. University of California. 
 

England Environmental Agency, 2002.  Landfill Gas Control Technologies. Publishing Organization Environment 

Agency, Rio House, Waterside Drive, Aztec West, Almondsbury BRISTOL, BS32 4UD 

 

Presentations 

 
Rosenfeld, P.E. (2009) “Perfluoroctanoic Acid (PFOA) and Perfluoroactane Sulfonate (PFOS) Contamination in 

Drinking Water From the Use of Aqueous Film Forming Foams (AFFF) at Airports in the United States” 

Presentation at the 2009 Ground Water Summit and 2009 Ground Water Protection Council Spring Meeting, April 

19-23, 2009. Tuscon, AZ. 
 

Rosenfeld, P.E. (2009) “Cost to Filter Atrazine Contamination from Drinking Water in the United States” 

Contamination in Drinking Water From the Use of Aqueous Film Forming Foams (AFFF) at Airports in the United 

States” Presentation at the 2009 Ground Water Summit and 2009 Ground Water Protection Council Spring Meeting, 

April 19-23, 2009. Tuscon, AZ.  
 

Rosenfeld, P. E. (2007) “Moss Point Community Exposure To Contaminants From A Releasing Facility” Platform 

Presentation at the 23rd Annual International Conferences on Soils Sediment and Water, October 15-18, 2007. 

University of Massachusetts, Amherst MA.  
 

Rosenfeld, P. E. (2007) “The Repeated Trespass of Tritium-Contaminated Water Into A Surrounding Community 

Form Repeated Waste Spills From A Nuclear Power Plant” Platform Presentation at the 23rd Annual International 

Conferences on Soils Sediment and Water, October 15-18, 2007. University of Massachusetts, Amherst MA.  
 

Rosenfeld, P. E. (2007) “Somerville Community Exposure To Contaminants From Wood Treatment Facility 

Emissions” Poster Presentation at the 23rd Annual International Conferences on Soils Sediment and Water, October 

15-18, 2007. University of Massachusetts, Amherst MA.  
 

Rosenfeld P. E. “Production, Chemical Properties, Toxicology, & Treatment Case Studies of 1,2,3-

Trichloropropane (TCP)” –  Platform Presentation at the Association for Environmental Health and Sciences 

(AEHS) Annual Meeting, San Diego, CA, 3/2007 
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Rosenfeld P. E. “Blood and Attic Sampling for Dioxin/Furan, PAH, and Metal Exposure in Florala, Alabama” – 

Platform Presentation at the AEHS Annual Meeting, San Diego, CA, 3/3007 
 

Hensley A.R., Scott, A., Rosenfeld P.E., Clark, J.J.J.  (2006) “Dioxin Containing Attic Dust And Human Blood 

Samples Collected Near A Former Wood Treatment Facility.” APHA 134 Annual Meeting & Exposition, Boston 

Massachusetts. November 4 to 8th, 2006. 
 

Paul Rosenfeld Ph.D. “Fate, Transport and Persistence of PFOA and Related Chemicals.” Mealey’s C8/PFOA 

Science, Risk & Litigation Conference” October 24, 25. The Rittenhouse Hotel, Philadelphia.   
 

Paul Rosenfeld Ph.D. “Brominated Flame Retardants in Groundwater: Pathways to Human Ingestion, Toxicology 

and Remediation PEMA Emerging Contaminant Conference. September 19. Hilton Hotel, Irvine California.  
 

Paul Rosenfeld Ph.D. “Fate, Transport, Toxicity, And Persistence of 1,2,3-TCP.” PEMA Emerging Contaminant 

Conference. September 19. Hilton Hotel in Irvine, California.  
 

Paul Rosenfeld Ph.D. “Fate, Transport and Persistence of PDBEs.” Mealey’s Groundwater Conference. September 

26, 27. Ritz Carlton Hotel, Marina Del Ray, California.  
 

Paul Rosenfeld Ph.D. “Fate, Transport and Persistence of PFOA and Related Chemicals.” International Society of 

Environmental Forensics: Focus On Emerging Contaminants.  June 7,8. Sheraton Oceanfront Hotel, Virginia Beach, 

Virginia.  
 

Paul Rosenfeld Ph.D. “Rate Transport, Persistence and Toxicology of PFOA and Related Perfluorochemicals”. 

2005 National Groundwater Association Ground Water And Environmental Law Conference. July 21-22, 2005. 

Wyndham Baltimore Inner Harbor, Baltimore Maryland. 
 

Paul Rosenfeld Ph.D. “Brominated Flame Retardants in Groundwater: Pathways to Human Ingestion, Toxicology 

and Remediation.” 2005 National Groundwater Association Ground Water And Environmental Law Conference. 

July 21-22, 2005. Wyndham Baltimore Inner Harbor, Baltimore Maryland. 
 

Paul Rosenfeld, Ph.D. and James Clark Ph.D. and Rob Hesse R.G. Tert-butyl Alcohol Liability and Toxicology, A 

National Problem and Unquantified Liability. National Groundwater Association. Environmental Law Conference. 

May 5-6, 2004. Congress Plaza Hotel, Chicago Illinois.  
 

Paul Rosenfeld, Ph.D., 2004.  Perchlorate Toxicology.  Presentation to a meeting of the American Groundwater 

Trust.  March 7th, 2004. Pheonix Arizona. 
 

Hagemann, M.F.,  Paul Rosenfeld, Ph.D. and Rob Hesse, 2004. Perchlorate Contamination of the Colorado River.  

Invited presentation to a meeting of tribal representatives, Parker, AZ. 
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Paul Rosenfeld, Ph.D. A National Damage Assessment Model For PCE and Dry Cleaners. Drycleaner Symposium. 

California Ground Water Association. Radison Hotel, Sacramento, California. April 7, 2004. 
 

Paul Rosenfeld, Ph.D. and James Clark Ph.D. Understanding Historical Use, Chemical Properties, Toxicity and 

Regulatory Guidance of 1,4 Dioxane. National Groundwater Association. Southwest Focus Conference. Water 

Supply and Emerging Contaminants. February 20-21, 2003. Hyatt Regency Phoenix Arizona. 
 

Paul Rosenfeld, Ph.D. Underground Storage Tank Litigation and Remediation. California CUPA Forum. Marriott 

Hotel. Anaheim California. February 6-7, 2003. 
 

Paul Rosenfeld, Ph.D. Underground Storage Tank Litigation and Remediation. EPA Underground Storage Tank 

Roundtable. Sacramento California. October 23, 2002 
 

Rosenfeld, P.E. and Suffet, M. 2002. Understanding Odor from Compost, Wastewater and Industrial Processes. 

Sixth Annual Symposium On Off Flavors in the Aquatic Environment. International Water Association. Barcelona 

Spain. October  7- 10.  
 

Rosenfeld, P.E. and Suffet, M. 2002. Using High Carbon Wood Ash to Control Compost Odor. Sixth Annual 

Symposium On Off Flavors in the Aquatic Environment. International Water Association. Barcelona Spain. October  

7- 10. 
 

Rosenfeld, P.E. and Grey, M. A. 2002. Biocycle Composting For Coastal Sage Restoration. Northwest Biosolids 

Management Association. Vancouver Washington. September 22-24.  
 

Rosenfeld, P.E. and Grey, M. A. 2002. Soil Science Society Annual Conference.  Indianapolis, Maryland. 

November 11-14. 
 

Rosenfeld. P.E. 2000. Two stage biofilter for biosolids composting odor control. Water Environment Federation. 

Anaheim California. September 16, 2000. 
 

Rosenfeld. P. E. 2000. Wood ash and biofilter control of compost odor. Biofest. October 16, 2000.Ocean Shores, 

California 
 

Rosenfeld, P. E. 2000. Bioremediation Using Organic Soil Amendments. California Resource Recovery 

Association. Sacramento California.  
 

Rosenfeld, P.E., C.L. Henry, R. Harrison.  1998.  Oat and Grass Seed Germination and Nitrogen and Sulfur 

Emissions Following Biosolids Incorporation With High-Carbon Wood-Ash. Water Environment Federation 12th 

Annual Residuals and Biosolids Management Conference Proceedings. Bellevue Washington. 
 

Rosenfeld, P.E., and C.L. Henry.  1999.  An evaluation of ash incorporation with biosolids for odor reduction. Soil 

Science Society of America. Salt Lake City Utah. 
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Rosenfeld, P.E., C.L. Henry, R. Harrison.  1998.  Comparison of Microbial Activity and Odor Emissions from 

Three Different Biosolids Applied to Forest Soil. Brown and Caldwell, Seattle Washington. 
 

Rosenfeld, P.E., C.L. Henry.  1998.  Characterization, Quantification, and Control of Odor Emissions from 

Biosolids Application To Forest Soil.  Biofest Lake Chelan, Washington. 
 

Rosenfeld, P.E., C.L. Henry, R. B. Harrison, and R. Dills.  1997.  Comparison of Odor Emissions From Three 

Different Biosolids Applied to Forest Soil.  Soil Science Society of America, Anaheim California. 

 

Professional History 

 

Soil Water Air Protection Enterprise (SWAPE); 2003 to present; Founding Partner 

UCLA School of Public Health; 2007 to 2008; Lecturer 

UCLA School of Public Health; 2003 to 2006; Adjunct Professor 

UCLA Environmental Science and Engineering Program; 2002-2004; Doctoral Intern Coordinator 

UCLA Institute of the Environment, 2001-2002; Research Associate 

Komex H2O Science, 2001 to 2003; Senior Remediation Scientist 

National Groundwater Association, 2002-2004; Lecturer 

San Diego State University, 1999-2001; Adjunct Professor 

Anteon Corp., San Diego, 2000-2001; Remediation Project Manager 

Ogden (now Amec), San Diego, 2000-2000; Remediation Project Manager 

Bechtel, San Diego, California, 1999 – 2000; Risk Assessor 

King County, Seattle, 1996 – 1999; Scientist 

James River Corp., Washington, 1995-96; Scientist 

Big Creek Lumber, Davenport, California, 1995; Scientist 

Plumas Corp., California and USFS, Tahoe 1993-1995; Scientist 

Peace Corps and World Wildlife Fund, St. Kitts, West Indies, 1991-1993; Scientist 

Bureau of Land Management, Kremmling Colorado 1990; Scientist 

 

Teaching Experience 

 
UCLA Department of Environmental Health (Summer 2003 through 2006) Teach Environmental Health 

Science 100 to students, including undergrad, medical doctors, public health professionals and nurses.  Course 

focuses on the health effects of environmental contaminants. 
 

National Ground Water Association, Successful Remediation Technologies. Custom Course In Sante Fe, New 

Mexico. May 21, 2002.  Focused on fate and transport of fuel contaminants associated with underground storage 

tanks.  
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National Ground Water Association; Successful Remediation Technologies Course in Chicago Illinois. April 1, 

2002. Focused on fate and transport of contaminants associated with Superfund and RCRA sites. 
 

California Integrated Waste Management Board, April and May, 2001. Alternative Landfill Caps Seminar in 

San Diego, Ventura, and San Francisco. Focused on both prescriptive and innovative landfill cover design. 
 

UCLA Department of Environmental Engineering, February 5 2002 Seminar on Successful Remediation 

Technologies focusing on Groundwater Remediation. 
 

University Of Washington, Soil Science Program, Teaching Assistant for several courses including: Soil 

Chemistry, Organic Soil Amendments, and Soil Stability. 
 

U.C. Berkeley, Environmental Science Program Teaching Assistant for Environmental Science 10. 

 

Academic Grants Awarded 

 

California Integrated Waste Management Board. $41,000 grant awarded to UCLA Institute of the Environment. 

Goal: To investigate effect of high carbon wood ash on volatile organic emissions from compost. 2001. 
 

Synagro Technologies, Corona California: $10,000 grant awarded to San Diego State University. Goal: 

investigate effect of biosolids for restoration and remediation of degraded coastal sage soils. 2000. 
 

King County, Department of Research and Technology, Washington State. $100,000 grant awarded to 

University of Washington: Goal: To investigate odor emissions from biosolids application and the effect of 

polymers and ash on VOC emissions. 1998. 
 

Northwest Biosolids Management Association, Washington State.  $20,000 grant awarded to investigate effect 

of polymers and ash on VOC emissions from  biosolids. 1997. 
 

James River Corporation, Oregon:  $10,000 grant was awarded to investigate the success of genetically 

engineered Poplar trees with resistance to round-up. 1996. 
 

United State Forest Service, Tahoe National Forest:  $15,000 grant was awarded to investigating fire ecology of 

the Tahoe National Forest. 1995. 
 

Kellogg Foundation, Washington D.C.  $500 grant was awarded to construct a large anaerobic digester on St. 

Kitts in West Indies. 1993. 

 



 
 

Appendix B 



DATASOURFIELDPOINT DEPTH (ft) Depth (cm) DATE_INSTA DATE_SAMPL MATRIX COMPOUND CASNUMB RESULTRESULT_VAL Result (ug/m3) ProUCL Input 
(ug/m3)

ND=0, 
D=1

DL (ug/m3) LIMIT_DETE LIMIT_REPO UNITS METHODNAME SURROGATE SAMPLE_DES

EEC 24406M-Garage 15.24000 3/26/2010 03/29/2010 13:00:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24406M-Garage
EEC 24406M-Out 15.24000 3/26/2010 03/29/2010 13:44:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24406M-Out
EEC 24619-Ravenna-Out1 15.24000 3/24/2010 03/25/2010 12:55:00 Vapor Benzene 71-43-2 = 21.00000 21.00000 21 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24619-Ravenna-Out1South
EEC 24619-Ravenna-Out1 15.24000 3/24/2010 03/25/2010 13:15:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24619-Dup
EEC 24619-Ravenna-Out2 15.24000 3/24/2010 03/25/2010 13:08:00 Vapor Benzene 71-43-2 = 2.00000 2.00000 2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24619-Ravenna-Out2North
EEC 24623-Marbella-In 15.24000 3/25/2010 03/26/2010 15:38:00 Vapor Benzene 71-43-2 = 1.40000 1.40000 1.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24623M-In
EEC 24623-Marbella-Out 15.24000 3/25/2010 03/26/2010 15:19:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24623M-Out
EEC 24627-Marbella-Garage 15.24000 3/16/2010 03/17/2010 16:56:00 Vapor Benzene 71-43-2 = 3.00000 3.00000 3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24627-Marbella-Garage
EEC 24627-Marbella-Out 15.24000 3/16/2010 03/17/2010 17:12:00 Vapor Benzene 71-43-2 = 3.00000 3.00000 3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24627-Marbella-Out
EEC 24732-Ravenna-Bed1 15.24000 3/22/2010 03/26/2010 13:46:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24732R-Bed1
EEC 24732-Ravenna-Master 15.24000 3/22/2010 03/26/2010 14:05:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24732R-Master
EEC 24739-Ravenna-In 15.24000 3/12/2010 03/16/2010 15:45:00 Vapor Benzene 71-43-2 = 2.20000 2.20000 2.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24739-Ravenna-In
EEC 24739-Ravenna-Out 15.24000 3/12/2010 03/16/2010 16:01:00 Vapor Benzene 71-43-2 = 2.20000 2.20000 2.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24739-Ravenna-Out
EEC 24743-Ravenna-Garage 15.24000 3/23/2010 03/25/2010 12:21:00 Vapor Benzene 71-43-2 = 4.30000 4.30000 4.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24743-Ravenna-Garage
EEC 24743-Ravenna-In 15.24000 3/23/2010 03/25/2010 12:35:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24743-Ravenna-In
EEC 248348SVB 15.24000 5/3/2010 05/04/2010 16:05:00 Vapor Benzene 71-43-2 = 5.40000 5.40000 5.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 248348 SVB
EEC 248348SVF 15.24000 5/3/2010 05/04/2010 15:25:00 Vapor Benzene 71-43-2 = 1.40000 1.40000 1.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 248348 SVF
EEC 248348SVH 15.24000 5/3/2010 05/04/2010 14:28:00 Vapor Benzene 71-43-2 = 7.00000 7.00000 7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 248348 SVH
EEC 249357SVF 15.24000 5/26/2010 05/28/2010 14:12:00 Vapor Benzene 71-43-2 = 5.10000 5.10000 5.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249357SVF
EEC 249357SVH 15.24000 5/26/2010 05/28/2010 13:28:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249357SVH
EEC 249362SVB 15.24000 5/14/2010 05/17/2010 11:53:00 Vapor Benzene 71-43-2 = 2.30000 2.30000 2.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-362 SVB
EEC 249362SVG 15.24000 5/14/2010 05/17/2010 11:05:00 Vapor Benzene 71-43-2 = 3.90000 3.90000 3.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-362 SVG
EEC 249362SVH 15.24000 5/14/2010 05/17/2010 10:06:00 Vapor Benzene 71-43-2 = 1.40000 1.40000 1.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-362 SVH
EEC 249-367SVB 15.24000 4/13/2010 04/14/2010 10:38:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-367-SVB
EEC 249-367SVF 15.24000 4/13/2010 04/14/2010 10:05:00 Vapor Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-367-SVF
EEC 249-367SVH 15.24000 4/13/2010 04/14/2010 11:08:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-367-SVH (15 mL)
EEC 249-367SVH 15.24000 4/13/2010 04/14/2010 11:16:00 Vapor Benzene 71-43-2 = 0.40000 0.40000 0.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-367-SVH (415 mL)
EEC 249383SVB 15.24000 5/18/2010 05/21/2010 10:11:00 Vapor Benzene 71-43-2 = 1.90000 1.90000 1.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-383-SVB
EEC 249383SVG 15.24000 5/18/2010 05/21/2010 11:25:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 249-383-SVF
EEC 321-244-Back 15.24000 4/6/2010 04/08/2010 14:45:00 Vapor Benzene 71-43-2 = 0.40000 0.40000 0.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 321-244-BACK (1445)
EEC 321-244-Back 15.24000 4/6/2010 04/08/2010 14:50:00 Vapor Benzene 71-43-2 = 0.40000 0.40000 0.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 321-244-BACK (1450)
EEC 321-244-In 15.24000 4/6/2010 04/08/2010 15:12:00 Vapor Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 321-244-IN
EEC 327-244-In 15.24000 3/8/2010 03/09/2010 12:16:00 Vapor Benzene 71-43-2 = 1.90000 1.90000 1.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 327-244-In
EEC 327-244-Out 15.24000 3/8/2010 03/09/2010 11:44:00 Vapor Benzene 71-43-2 ND 0.00000 0.00000 0.2 0 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 327-244-Out
EEC 341-244-In 15.24000 3/9/2010 03/10/2010 09:30:00 Vapor Benzene 71-43-2 = 5.70000 5.70000 5.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 341-244-In
EEC 341-244-Out 15.24000 3/9/2010 03/10/2010 09:56:00 Vapor Benzene 71-43-2 = 7.40000 7.40000 7.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 341-244-Out
EEC 347-244-Garage 15.24000 3/11/2010 03/12/2010 09:10:00 Vapor Benzene 71-43-2 = 2.00000 2.00000 2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 347-244-Garage
EEC 347-244-In 15.24000 3/11/2010 03/12/2010 09:30:00 Vapor Benzene 71-43-2 = 3.60000 3.60000 3.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 347-244-In
EEC 348-248-In 15.24000 3/8/2010 03/09/2010 13:34:00 Vapor Benzene 71-43-2 = 2.40000 2.40000 2.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 348-248-In
EEC 348-248-Out 15.24000 3/8/2010 03/10/2010 10:24:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 348-248-Out
EEC 352-249-Bedroom 15.24000 3/11/2010 03/12/2010 18:08:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 352-249-Bedroom
EEC 352-249-LivingRoom 15.24000 3/11/2010 03/12/2010 18:40:00 Vapor Benzene 71-43-2 = 3.70000 3.70000 3.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 352-249-Living Room
EEC 358-249-Garage 15.24000 3/22/2010 03/24/2010 17:28:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 358-249-Garage
EEC 358-249-Garage 15.24000 3/22/2010 03/24/2010 17:34:00 Vapor Benzene 71-43-2 = 2.50000 2.50000 2.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 358-249-Dup
EEC 358-249-In 15.24000 3/22/2010 03/24/2010 00:00:00 Vapor Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 358-249-In
EEC 360-248-In 15.24000 3/25/2010 03/26/2010 08:54:00 Vapor Benzene 71-43-2 = 100.00000 100.00000 100 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 360-248-In
EEC 360-248-In 15.24000 3/25/2010 04/29/2010 12:31:00 Vapor Benzene 71-43-2 = 35.00000 35.00000 35 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 360-248-IN (PV 71ml)
EEC 360-248-In 15.24000 3/25/2010 04/29/2010 12:52:00 Vapor Benzene 71-43-2 = 40.00000 40.00000 40 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 360-248-IN (PV 1071 ml)
EEC 360-248-In 15.24000 3/25/2010 04/29/2010 13:11:00 Vapor Benzene 71-43-2 = 36.00000 36.00000 36 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 360-248-IN (PV 2071 ml)
EEC 360-248-Out 15.24000 3/25/2010 03/26/2010 10:20:00 Vapor Benzene 71-43-2 = 2.30000 2.30000 2.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 360-248-Out
EEC 378-249-Den 15.24000 3/16/2010 03/17/2010 17:55:00 Vapor Benzene 71-43-2 = 6.20000 6.20000 6.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 378-249-Den
EEC 378-249-Garage 15.24000 3/16/2010 03/17/2010 17:35:00 Vapor Benzene 71-43-2 = 8.40000 8.40000 8.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 378-249-Garage
EEC M24423SVB 15.24000 6/1/2010 06/02/2010 14:43:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24423-SVB
EEC M24423SVH 15.24000 6/1/2010 06/02/2010 14:02:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24423-SVH
EEC M24427SVB 15.24000 5/24/2010 05/26/2010 11:09:00 Vapor Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24427SVB
EEC M24427SVG 15.24000 5/24/2010 05/26/2010 11:56:00 Vapor Benzene 71-43-2 = 2.60000 2.60000 2.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24427SVG
EEC M24427SVH 15.24000 5/24/2010 05/26/2010 10:22:00 Vapor Benzene 71-43-2 = 1.80000 1.80000 1.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24427SVH
EEC M24503SVB 15.24000 5/25/2010 05/28/2010 09:49:00 Vapor Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24503SVB
EEC M24503SVF 15.24000 5/25/2010 05/28/2010 09:07:00 Vapor Benzene 71-43-2 = 1.80000 1.80000 1.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24503SVF
EEC M24503SVH 15.24000 5/25/2010 05/28/2010 10:28:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24503SVH
EEC M24506SVF 15.24000 4/5/2010 04/21/2010 10:16:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24506-SVF
EEC M24506SVH 15.24000 4/5/2010 04/21/2010 10:03:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24506-SVH
EEC M24516SVB 15.24000 5/25/2010 05/27/2010 10:17:00 Vapor Benzene 71-43-2 = 3.90000 3.90000 3.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24516-SVB
EEC M24516SVG 15.24000 5/25/2010 05/27/2010 11:01:00 Vapor Benzene 71-43-2 = 1.40000 1.40000 1.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24516-SVG
EEC M24516SVH 15.24000 5/25/2010 05/27/2010 09:22:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24516-SVH
EEC M24522SVB 15.24000 4/28/2010 04/30/2010 10:03:00 Vapor Benzene 71-43-2 = 2.30000 2.30000 2.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24522SVB
EEC M24522SVF 15.24000 4/28/2010 04/30/2010 11:10:00 Vapor Benzene 71-43-2 = 4.80000 4.80000 4.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24522SVF
EEC M24522SVH1 15.24000 4/28/2010 04/30/2010 09:11:00 Vapor Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24522SVH
EEC M24606SVB 15.24000 4/19/2010 04/20/2010 14:46:00 Vapor Benzene 71-43-2 ND 0.00000 0.00000 0.2 0 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24606-SVB
EEC M24606SVF 15.24000 4/19/2010 04/20/2010 15:50:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24606-SVF
EEC M24606SVH 15.24000 4/19/2010 04/20/2010 16:50:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24606-SVH
EEC M24613SVB 15.24000 5/24/2010 05/26/2010 11:03:00 Vapor Benzene 71-43-2 = 0.30000 0.30000 0.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24613-SVB
EEC M24613SVG 15.24000 5/24/2010 05/26/2010 10:18:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24613-SVG
EEC M24613SVH 15.24000 5/24/2010 05/26/2010 09:10:00 Vapor Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24613-SVH
EEC M24616SVB 15.24000 4/21/2010 04/22/2010 16:54:00 Vapor Benzene 71-43-2 = 1.30000 1.30000 1.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24616-SVB
EEC M24616SVF 15.24000 4/21/2010 04/23/2010 12:24:00 Vapor Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24616-SVF
EEC M24616SVH 15.24000 4/21/2010 04/22/2010 15:35:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24616-SVH
EEC M24622SVB 15.24000 5/27/2010 05/28/2010 14:32:00 Vapor Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24622 SVB
EEC M24622SVG 15.24000 5/27/2010 05/28/2010 15:35:00 Vapor Benzene 71-43-2 = 4.40000 4.40000 4.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24622 SVG
EEC M24622SVH 15.24000 5/27/2010 05/28/2010 13:55:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24622 SVH
EEC M24703SVB 15.24000 3/26/2010 03/29/2010 10:46:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24703M-Back-URS
EEC M24703SVF 15.24000 3/26/2010 03/29/2010 11:55:00 Vapor Benzene 71-43-2 = 1.30000 1.30000 1.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24703M-Side-URS
EEC M24703SVH 15.24000 3/26/2010 03/29/2010 13:01:00 Vapor Benzene 71-43-2 = 2.40000 2.40000 2.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24703M-In-URS
EEC M24723SVB 15.24000 3/26/2010 03/29/2010 16:53:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24723M-Back-URS
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EEC M24723SVH 15.24000 3/26/2010 03/29/2010 17:42:00 Vapor Benzene 71-43-2 = 3.40000 3.40000 3.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 24723M-House-URS
EEC M24723SVH 15.24000 3/26/2010 04/07/2010 12:19:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24723-SVH
EEC M24737SVB 15.24000 4/16/2010 04/30/2010 09:28:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24737-SVB
EEC M24737SVF 15.24000 4/16/2010 04/30/2010 10:17:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24737-SVF
EEC M24737SVH 15.24000 4/16/2010 04/30/2010 11:11:00 Vapor Benzene 71-43-2 = 3.10000 3.10000 3.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24737-SVH
EEC M24741SVB 15.24000 5/26/2010 05/28/2010 10:09:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24741SVB
EEC M24741SVF 15.24000 5/26/2010 05/28/2010 10:55:00 Vapor Benzene 71-43-2 = 2.20000 2.20000 2.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24741SVF
EEC M24741SVH 15.24000 5/26/2010 05/28/2010 09:17:00 Vapor Benzene 71-43-2 = 1.40000 1.40000 1.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 M24741SVH
EEC N24406SVB 15.24000 4/26/2010 04/29/2010 15:29:00 Vapor Benzene 71-43-2 = 2.50000 2.50000 2.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24406-SVB
EEC N24406SVF 15.24000 4/26/2010 04/29/2010 14:43:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24406-SVF
EEC N24406SVH 15.24000 4/26/2010 04/29/2010 13:52:00 Vapor Benzene 71-43-2 = 1.90000 1.90000 1.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24406-SVH
EEC N24429SVB 15.24000 4/28/2010 04/30/2010 15:55:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24429 SVB
EEC N24429SVF 15.24000 4/28/2010 04/30/2010 14:48:00 Vapor Benzene 71-43-2 = 0.40000 0.40000 0.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24429 SVF
EEC N24429SVH 15.24000 4/28/2010 04/30/2010 13:33:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24429 SVH
EEC N24523SVB 15.24000 4/5/2010 04/07/2010 16:45:00 Vapor Benzene 71-43-2 = 2.00000 2.00000 2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24523-SVB
EEC N24523SVF 15.24000 4/5/2010 04/07/2010 15:50:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24523-SVF
EEC N24523SVH 15.24000 4/5/2010 04/07/2010 14:48:00 Vapor Benzene 71-43-2 = 1.60000 1.60000 1.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24523-SVH
EEC N24532SVG 15.24000 5/18/2010 05/19/2010 14:13:00 Vapor Benzene 71-43-2 = 0.40000 0.40000 0.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24532SVG
EEC N24532SVH 15.24000 5/18/2010 05/19/2010 15:03:00 Vapor Benzene 71-43-2 = 1.60000 1.60000 1.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24532SVH
EEC N24608SVB 15.24000 4/1/2010 04/29/2010 16:24:00 Vapor Benzene 71-43-2 = 12.00000 12.00000 12 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24608 SVB
EEC N24608SVF 15.24000 4/1/2010 04/29/2010 15:26:00 Vapor Benzene 71-43-2 = 4.30000 4.30000 4.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24608 SVF
EEC N24608SVH 15.24000 4/1/2010 04/29/2010 14:05:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24608 SVH
EEC N24609SVB 15.24000 4/26/2010 04/28/2010 15:54:00 Vapor Benzene 71-43-2 = 1.80000 1.80000 1.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24609-SVB
EEC N24609SVF 15.24000 4/26/2010 04/28/2010 15:16:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24609-SVF
EEC N24609SVH 15.24000 4/26/2010 04/28/2010 14:17:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24609-SVH
EEC N24618SVB 15.24000 5/17/2010 05/19/2010 10:20:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24618SVB
EEC N24618SVF 15.24000 5/17/2010 05/19/2010 11:14:00 Vapor Benzene 71-43-2 = 0.40000 0.40000 0.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24618SVF
EEC N24618SVH 15.24000 5/17/2010 05/19/2010 09:27:00 Vapor Benzene 71-43-2 = 1.80000 1.80000 1.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24618SVH
EEC N24712SVB 15.24000 4/5/2010 04/21/2010 15:53:00 Vapor Benzene 71-43-2 = 1.40000 1.40000 1.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24712-SVB
EEC N24712SVF 15.24000 4/5/2010 04/21/2010 15:00:00 Vapor Benzene 71-43-2 = 1.30000 1.30000 1.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24712-SVF
EEC N24728SVG 15.24000 5/12/2010 05/14/2010 14:56:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24728 SVG
EEC N24728SVH 15.24000 5/12/2010 05/14/2010 16:37:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24728 SVH
EEC N24728SVH2 15.24000 5/12/2010 05/14/2010 15:50:00 Vapor Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 N24728 SVH2
EEC P24427SVB 15.24000 6/2/2010 06/04/2010 09:13:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24427 SVB
EEC P24427SVF 15.24000 6/2/2010 06/04/2010 09:47:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24427 SVF
EEC P24427SVH 15.24000 6/2/2010 06/04/2010 10:19:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24427 SVH
EEC P24502SVB 15.24000 9/25/2009 06/01/2010 11:27:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24502-SVB
EEC P24502SVF 15.24000 9/25/2009 06/01/2010 10:18:00 Vapor Benzene 71-43-2 = 1.60000 1.60000 1.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24502-SVF
EEC P24508SVB 15.24000 5/17/2010 05/19/2010 11:14:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24508SVB
EEC P24508SVF 15.24000 5/17/2010 05/19/2010 09:52:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24508SVF
EEC P24508SVH 15.24000 5/17/2010 05/19/2010 10:34:00 Vapor Benzene 71-43-2 = 2.70000 2.70000 2.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24508SVH
EEC P24602SVF 15.24000 4/20/2010 04/22/2010 13:05:00 Vapor Benzene 71-43-2 = 3.40000 3.40000 3.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24602SVF
EEC P24602SVH 15.24000 4/20/2010 04/22/2010 10:54:00 Vapor Benzene 71-43-2 = 2.40000 2.40000 2.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24602SVH
EEC P24609SVB 15.24000 4/28/2010 04/30/2010 11:00:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24609-SVB
EEC P24609SVF 15.24000 4/28/2010 04/30/2010 12:00:00 Vapor Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24609-SVF
EEC P24609SVH 15.24000 4/28/2010 04/30/2010 09:00:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24609-SVH
EEC P24618SVF 15.24000 5/12/2010 05/14/2010 09:54:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24618 SVF
EEC P24618SVG 15.24000 5/12/2010 05/14/2010 12:14:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24618 SVG
EEC P24619SVB 15.24000 4/6/2010 04/27/2010 15:20:00 Vapor Benzene 71-43-2 = 1.80000 1.80000 1.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24619-SVB
EEC P24619SVF 15.24000 4/6/2010 04/27/2010 16:07:00 Vapor Benzene 71-43-2 = 2.70000 2.70000 2.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24619-SVF
EEC P24619SVH 15.24000 4/6/2010 04/27/2010 14:43:00 Vapor Benzene 71-43-2 = 1.60000 1.60000 1.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24619-SVH
EEC P24619SVH 15.24000 4/6/2010 05/25/2010 14:05:00 Vapor Benzene 71-43-2 = 1.70000 1.70000 1.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24619SVH
EEC P24702SVB 15.24000 6/1/2010 06/03/2010 10:45:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24702-SVB
EEC P24702SVG 15.24000 6/1/2010 06/03/2010 10:07:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24702-SVG
EEC P24702SVH 15.24000 6/1/2010 06/03/2010 09:16:00 Vapor Benzene 71-43-2 = 1.30000 1.30000 1.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24702-SVH
EEC P24722SVB (2nd) 15.24000 4/22/2010 04/26/2010 10:31:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24722-SVB
EEC P24722SVF 15.24000 4/22/2010 04/26/2010 11:39:00 Vapor Benzene 71-43-2 = 11.00000 11.00000 11 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24722-SVF
EEC P24732SVB 15.24000 4/7/2010 04/13/2010 14:42:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24732-SVB
EEC P24732SVB 15.24000 4/7/2010 04/22/2010 17:11:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24732-SVB
EEC P24732SVF 15.24000 4/7/2010 04/13/2010 15:11:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24732-SVF
EEC P24732SVF 15.24000 4/7/2010 04/22/2010 15:18:00 Vapor Benzene 71-43-2 ND 0.00000 0.00000 0.2 0 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24732-SVF
EEC P24732SVH 15.24000 4/7/2010 04/13/2010 15:48:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24732-SVH
EEC P24732SVH 15.24000 4/7/2010 04/23/2010 10:43:00 Vapor Benzene 71-43-2 = 3.80000 3.80000 3.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24732-SVH
EEC P24802SVB 15.24000 4/26/2010 04/28/2010 11:46:00 Vapor Benzene 71-43-2 = 3.10000 3.10000 3.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24802-SVB
EEC P24802SVH 15.24000 4/26/2010 04/28/2010 09:25:00 Vapor Benzene 71-43-2 = 4.00000 4.00000 4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24802-SVH
EEC P24829SVF 15.24000 5/19/2010 05/21/2010 11:31:00 Vapor Benzene 71-43-2 = 3.30000 3.30000 3.3 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24829SVF
EEC P24829SVH 15.24000 5/19/2010 05/21/2010 09:25:00 Vapor Benzene 71-43-2 = 2.20000 2.20000 2.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24829SVH
EEC P24829SVP 15.24000 5/19/2010 05/21/2010 10:43:00 Vapor Benzene 71-43-2 = 6.40000 6.40000 6.4 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24829SVP
EEC P24838-SVH 15.24000 5/28/2010 06/01/2010 09:05:00 Vapor Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 P24838 SVH
EEC R24502SVB 15.24000 4/8/2010 04/22/2010 10:47:00 Vapor Benzene 71-43-2 = 2.00000 2.00000 2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24502-SVB
EEC R24502SVF 15.24000 4/8/2010 04/22/2010 12:29:00 Vapor Benzene 71-43-2 = 3.50000 3.50000 3.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24502-SVF
EEC R24502SVH 15.24000 4/8/2010 04/22/2010 13:46:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24502-SVH
EEC R24518SVF 15.24000 4/22/2010 04/26/2010 16:13:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24518-SVF
EEC R24518SVH1 15.24000 4/22/2010 04/26/2010 15:18:00 Vapor Benzene 71-43-2 = 1.60000 1.60000 1.6 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24518-SVH-1
EEC R24518SVH2 15.24000 4/22/2010 04/26/2010 14:18:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24518-SVH-2
EEC R24608SVB 15.24000 3/30/2010 04/08/2010 11:26:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24608-SVB
EEC R24608SVF 15.24000 3/30/2010 04/08/2010 12:23:00 Vapor Benzene 71-43-2 = 3.90000 3.90000 3.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24608-SVF
EEC R24709SVB 15.24000 4/22/2010 04/26/2010 14:21:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24709-SVB2
EEC R24709SVB 15.24000 4/22/2010 04/26/2010 15:10:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24709-SVB
EEC R24709SVF 15.24000 4/22/2010 04/26/2010 16:00:00 Vapor Benzene 71-43-2 = 2.00000 2.00000 2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24709-SVF
EEC R24719SVB 15.24000 4/7/2010 04/14/2010 14:41:00 Vapor Benzene 71-43-2 = 1.10000 1.10000 1.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24719-SVB
EEC R24719SVB 15.24000 4/7/2010 04/21/2010 12:23:00 Vapor Benzene 71-43-2 = 1.50000 1.50000 1.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24719-SVB
EEC R24719SVF 15.24000 4/7/2010 04/14/2010 15:11:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24719-SVF
EEC R24719SVF 15.24000 4/7/2010 04/14/2010 15:17:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24719-SVF
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EEC R24719SVF 15.24000 4/7/2010 04/21/2010 12:52:00 Vapor Benzene 71-43-2 = 0.50000 0.50000 0.5 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24719-SVF
EEC R24733SVB 15.24000 3/29/2010 04/08/2010 15:57:00 Vapor Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24733-SVB
EEC R24733SVF 15.24000 3/29/2010 04/08/2010 15:10:00 Vapor Benzene 71-43-2 = 2.90000 2.90000 2.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24733-SVF
EEC R24733SVH 15.24000 3/29/2010 04/08/2010 13:58:00 Vapor Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24733-SVH
EEC R24736SVB 15.24000 4/27/2010 04/28/2010 15:58:00 Vapor Benzene 71-43-2 = 2.20000 2.20000 2.2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24736-SVB
EEC R24736SVF 15.24000 4/27/2010 04/28/2010 15:16:00 Vapor Benzene 71-43-2 = 2.10000 2.10000 2.1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24736-SVF
EEC R24736SVH 15.24000 4/27/2010 04/28/2010 14:25:00 Vapor Benzene 71-43-2 = 2.00000 2.00000 2 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24736-SVH
EEC R24752SVB 15.24000 3/31/2010 04/09/2010 12:42:00 Vapor Benzene 71-43-2 = 0.70000 0.70000 0.7 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24752-SVB
EEC R24752SVH (2) 15.24000 4/14/2010 05/21/2010 13:44:00 Vapor Benzene 71-43-2 = 1.00000 1.00000 1 1 0.20000 0.20000 1.00000 ug/m3 EPA TO-15 0.00000 R24752SVH2
GT 244-311SVB 15.24000 12/22/2009 12/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.42 0 0.42000 0.42000 3.50000 UG/M3 ETO15 0.00000 244_311SVB
GT 244-311SVF 15.24000 12/22/2009 12/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.49 0 0.49000 0.49000 4.10000 UG/M3 ETO15 0.00000 244_311SVF
GT 244-351SVB 15.24000 9/16/2009 9/16/2009 GS Benzene 71-43-2 = 18.00000 18.00000 18 1 0.34000 0.34000 4.20000 UG/M3 ETO15 0.00000 244-351SVB-D
GT 244-351SVB 15.24000 9/16/2009 9/16/2009 GS Benzene 71-43-2 = 21.00000 21.00000 21 1 0.32000 0.32000 4.00000 UG/M3 ETO15 0.00000 244-351SVB
GT 244-351SVF 15.24000 9/16/2009 9/16/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 244-351SVF
GT 244-361SVB 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.70000 UG/M3 ETO15 0.00000 244-361SVB
GT 244-361SVF 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 244-361SVF
GT 244-SV-01 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.03800 38.00000 38 1 0.60000 0.00060 0.00310 UG/L ETO15 0.00000 244-SV-01-05
GT 244-SV-03 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 170.00000 170000.00000 170000 1 3100.00000 3.10000 17.00000 UG/L ETO15 0.00000 244-SV-03-05
GT 244-SV-03A 5.00000 152.40000 1/11/2010 GS Benzene 71-43-2 = 73000.00000 73000.00000 73000 1 77.00000 77.00000 620.00000 UG/M3 ETO15 0.00000 244-SV03A-5
GT 244-SV-03B 5.00000 152.40000 1/11/2010 GS Benzene 71-43-2 = 38000.00000 38000.00000 38000 1 110.00000 110.00000 920.00000 UG/M3 ETO15 0.00000 244-SV03B-5
GT 244-SV-04 5.00000 152.40000 6/22/2009 AA Benzene 71-43-2 = 9.20000 9200.00000 9200 1 530.00000 0.53000 2.80000 UG/L ETO15 0.00000 244-SV-04-05
GT 244-SV-05 5.00000 152.40000 6/22/2009 AA Benzene 71-43-2 = 3800.00000 3800000.00000 3800000 1 22000.00000 22.00000 120.00000 UG/L ETO15 0.00000 244-SV-05-05
GT 244-SV-05A 2.50000 76.20000 1/12/2010 GS Benzene 71-43-2 = 280000.00000 280000.00000 280000 1 590.00000 590.00000 3900.00000 UG/M3 ETO15 0.00000 244-SV05A-2.5
GT 244-SV-05A 5.00000 152.40000 1/12/2010 GS Benzene 71-43-2 = 4100.00000 4100.00000 4100 1 11.00000 11.00000 74.00000 UG/M3 ETO15 0.00000 244-SV05A-5
GT 244-SV-05A 10.00000 304.80000 1/12/2010 GS Benzene 71-43-2 = 140000.00000 140000.00000 140000 1 130.00000 130.00000 880.00000 UG/M3 ETO15 0.00000 244-SV05A-10
GT 244-SV-05B 5.00000 152.40000 1/11/2010 GS Benzene 71-43-2 = 7500.00000 7500.00000 7500 1 110.00000 110.00000 890.00000 UG/M3 ETO15 0.00000 244-SV05B-5
GT 244-SV-05C 5.00000 152.40000 1/11/2010 GS Benzene 71-43-2 = 8000.00000 8000.00000 8000 1 26.00000 26.00000 210.00000 UG/M3 ETO15 0.00000 244-SV05C-5
GT 244-SV-05D 5.00000 152.40000 1/12/2010 GS Benzene 71-43-2 = 190000.00000 190000.00000 190000 1 140.00000 140.00000 930.00000 UG/M3 ETO15 0.00000 244-SV05D-5
GT 244-SV-05H 5.00000 152.40000 1/7/2010 GS Benzene 71-43-2 = 830.00000 830.00000 830 1 24.00000 24.00000 160.00000 UG/M3 ETO15 0.00000 244-SV05H-5
GT 244-SV-05I 5.00000 152.40000 1/7/2010 GS Benzene 71-43-2 = 2000.00000 2000.00000 2000 1 36.00000 36.00000 240.00000 UG/M3 ETO15 0.00000 244-SV05I-5
GT 244-SV-06 5.00000 152.40000 6/22/2009 AA Benzene 71-43-2 = 3.90000 3900.00000 3900 1 450.00000 0.45000 2.40000 UG/L ETO15 0.00000 244-SV-06-05(DUP)
GT 244-SV-06 5.00000 152.40000 6/22/2009 AA Benzene 71-43-2 = 5.40000 5400.00000 5400 1 460.00000 0.46000 2.40000 UG/L ETO15 0.00000 244-SV-06-05
GT 244-SV-07 5.00000 152.40000 6/22/2009 AA Benzene 71-43-2 = 0.14000 140.00000 140 1 0.60000 0.00060 0.00310 UG/L ETO15 0.00000 244-SV-07-05
GT 244-SV-08 5.00000 152.40000 6/22/2009 AA Benzene 71-43-2 = 0.06200 62.00000 62 1 0.70000 0.00070 0.00360 UG/L ETO15 0.00000 244-SV-08-05
GT 247-SV-01 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 = 0.01100 11.00000 11 1 2.30000 0.00230 0.01200 UG/L ETO15 0.00000 247-SV-01-05
GT 247-SV-02 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 110.00000 110000.00000 110000 1 870.00000 0.87000 4.60000 UG/L ETO15 0.00000 247-SV-02-05
GT 247-SV-02A 5.00000 152.40000 1/7/2010 GS Benzene 71-43-2 = 27.00000 27.00000 27 1 0.54000 0.54000 7.30000 UG/M3 ETO15 0.00000 247-SV02A-5
GT 247-SV-02B 5.00000 152.40000 1/7/2010 GS Benzene 71-43-2 = 4200.00000 4200.00000 4200 1 5.80000 5.80000 38.00000 UG/M3 ETO15 0.00000 247-SV02B-5
GT 248348SVB 15.24000 5/3/2010 5/4/2010 GS Benzene 71-43-2 = 21.00000 21.00000 21 1 0.57000 0.57000 4.20000 UG/M3 ETO15 0.00000 248348SVB
GT 248348SVF 15.24000 5/3/2010 5/4/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.55 0 0.55000 0.55000 4.00000 UG/M3 ETO15 0.00000 248348SVF
GT 248348SVH 15.24000 5/3/2010 5/4/2010 GS Benzene 71-43-2 = 4.20000 4.20000 4.2 1 0.57000 0.57000 4.10000 UG/M3 ETO15 0.00000 248348SVH
GT 248-SV-01 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 52.00000 52000.00000 52000 1 200.00000 0.20000 1.00000 UG/L ETO15 0.00000 248-SV-01-05
GT 248-SV-02 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 = 0.14000 140.00000 140 1 26.00000 0.02600 0.14000 UG/L ETO15 0.00000 248-SV-02-05 DUP
GT 248-SV-02 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 = 0.21000 210.00000 210 1 28.00000 0.02800 0.15000 UG/L ETO15 0.00000 248-SV-02-05
GT 249-352SVB 15.24000 10/3/2009 10/3/2009 GS Benzene 71-43-2 = 11.00000 11.00000 11 1 0.37000 0.37000 3.70000 UG/M3 ETO15 0.00000 249-352SVB
GT 249-352SVF 15.24000 10/3/2009 10/3/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.38 0 0.38000 0.38000 3.80000 UG/M3 ETO15 0.00000 249-352SVF
GT 249-412SVF 15.24000 10/5/2009 10/5/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 249-412SVF
GT 249-SV-02 5.00000 152.40000 7/2/2009 AA Benzene 71-43-2 = 4.10000 4100.00000 4100 1 260.00000 0.26000 1.40000 UG/L ETO15 0.00000 249-SV-02-05
GT 249-SV-04 5.00000 152.40000 7/2/2009 AA Benzene 71-43-2 = 5.40000 5400.00000 5400 1 52.00000 0.05200 0.28000 UG/L ETO15 0.00000 249-SV-04-05
GT 249-SV-05 5.00000 152.40000 7/2/2009 AA Benzene 71-43-2 = 0.22000 220.00000 220 1 98.00000 0.09800 0.52000 UG/L ETO15 0.00000 249-SV-05-05
GT ERM SV-54 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 0.5 0 0.50000 0.00050 0.00250 UG/L ETO15 0.00000 ERM-SV-54-05DUP
GT ERM SV-54 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 0.5 0 0.50000 0.00050 0.00270 UG/L ETO15 0.00000 ERM-SV-54-05
GT M24412SVB 15.24000 12/31/2009 12/31/2009 GS Benzene 71-43-2 = 5.10000 5.10000 5.1 1 0.27000 0.27000 3.70000 UG/M3 ETO15 0.00000 M24412SVB
GT M24412SVF 15.24000 12/31/2009 12/31/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 M24412SVF
GT M24412SVF 15.24000 12/31/2009 12/31/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 M24412SVFD
GT M24426SVB 15.24000 9/18/2009 9/18/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.37 0 0.37000 0.37000 4.60000 UG/M3 ETO15 0.00000 M24426SVB
GT M24426SVF 15.24000 9/21/2009 9/21/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 M24426SVF
GT M24433SVB 15.24000 9/16/2009 9/16/2009 GS Benzene 71-43-2 = 5.80000 5.80000 5.8 1 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 M24433SVB
GT M24433SVB2 15.24000 9/18/2009 9/18/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.37 0 0.37000 0.37000 4.60000 UG/M3 ETO15 0.00000 M24433SVB2
GT M24433SVF 15.24000 9/16/2009 9/16/2009 GS Benzene 71-43-2 = 3.40000 3.40000 3.4 1 0.27000 0.27000 3.30000 UG/M3 ETO15 0.00000 M24433SVF
GT M24517SVB 15.24000 10/5/2009 10/6/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.70000 UG/M3 ETO15 0.00000 M24517SVB
GT M24517SVB 15.24000 10/5/2009 10/6/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.70000 UG/M3 ETO15 0.00000 M24517SVBD
GT M24517SVF 15.24000 10/5/2009 10/6/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 M24517SVF
GT M24522SVB 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 M24522SVB
GT M24522SVF 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 = 4.20000 4.20000 4.2 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 M24522SVFD
GT M24522SVF 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 = 13.00000 13.00000 13 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 M24522SVF
GT M24522SVH2 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.5 0 0.50000 0.50000 3.70000 UG/M3 ETO15 0.00000 M24522SVH
GT M24532SVB 15.24000 10/9/2009 10/9/2009 AX Benzene 71-43-2 = 1.20000 1.20000 1.2 1 0.59000 0.59000 2.30000 UG/M3 ETO15 0.00000 M24532SVBS
GT M24532SVB 15.24000 10/9/2009 10/9/2009 GS Benzene 71-43-2 = 12.00000 12.00000 12 1 0.36000 0.36000 3.60000 UG/M3 ETO15 0.00000 M24532SVB
GT M24532SVF 15.24000 10/9/2009 10/9/2009 AX Benzene 71-43-2 = 0.53000 0.53000 0.53 1 0.51000 0.51000 2.00000 UG/M3 ETO15 0.00000 M24532SVFS
GT M24532SVF 15.24000 10/9/2009 10/9/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.36 0 0.36000 0.36000 3.60000 UG/M3 ETO15 0.00000 M24532SVF
GT M24603SVB 15.24000 9/24/2009 9/24/2009 GS Benzene 71-43-2 = 4500.00000 4500.00000 4500 1 1.00000 1.00000 13.00000 UG/M3 ETO15 0.00000 M24603SVB
GT M24603SVB 15.24000 9/24/2009 1/15/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 M24603SVB
GT M24603SVF 15.24000 9/24/2009 9/24/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.70000 UG/M3 ETO15 0.00000 M24603SVF
GT M24603SVF 15.24000 9/24/2009 1/15/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.25 0 0.25000 0.25000 3.40000 UG/M3 ETO15 0.00000 M24603SVF
GT M24603SVH 15.24000 1/15/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 M24603SVH
GT M24606SVB 15.24000 4/19/2010 4/20/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 M24606SVB
GT M24606SVF 15.24000 4/19/2010 4/20/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 M24606SVF
GT M24606SVH 15.24000 4/19/2010 4/20/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.70000 UG/M3 ETO15 0.00000 M24606SVH
GT M24616SVB 15.24000 4/21/2010 4/22/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.54 0 0.54000 0.54000 7.30000 UG/M3 ETO15 0.00000 M24616SVB
GT M24616SVF 15.24000 4/21/2010 4/23/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 M24616SVF
GT M24616SVF 15.24000 4/21/2010 4/23/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 M24616SVFD
GT M24616SVH 15.24000 4/21/2010 4/22/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 M24616SVH
GT MA-SV-01 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.00360 3.60000 3.6 1 0.50000 0.00050 0.00260 UG/L ETO15 0.00000 MA-SV-01-05
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GT MA-SV-01 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.04300 43.00000 43 1 0.70000 0.00070 0.00360 UG/L ETO15 0.00000 MA-SV-01-05DUP
GT MA-SV-02 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 1.40000 1400.00000 1400 1 160.00000 0.16000 0.83000 UG/L ETO15 0.00000 MA-SV-02-05
GT MA-SV-03 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 46.00000 46000.00000 46000 1 140.00000 0.14000 0.74000 UG/L ETO15 0.00000 MA-SV-03-05
GT MA-SV-04 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 610.00000 610000.00000 610000 1 1500.00000 1.50000 7.80000 UG/L ETO15 0.00000 MA-SV-04-05
GT MA-SV-04A 5.00000 152.40000 1/8/2010 GS Benzene 71-43-2 = 3400.00000 3400.00000 3400 1 9.20000 9.20000 74.00000 UG/M3 ETO15 0.00000 MA-SV04A-5
GT MA-SV-04B 5.00000 152.40000 1/8/2010 GS Benzene 71-43-2 = 8.30000 8.30000 8.3 1 0.47000 0.47000 3.40000 UG/M3 ETO15 0.00000 MA-SV04B-5
GT MA-SV-05 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.12000 120.00000 120 1 1.80000 0.00180 0.00980 UG/L ETO15 0.00000 MA-SV-05-05
GT MA-SV-06 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 0.02200 22.00000 22 1 0.50000 0.00050 0.00250 UG/L ETO15 0.00000 MA-SV-06-05
GT MA-SV-07 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 2.30000 2300.00000 2300 1 29.00000 0.02900 0.15000 UG/L ETO15 0.00000 MA-SV-07-05
GT MA-SV-08 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 0.57000 570.00000 570 1 78.00000 0.07800 0.42000 UG/L ETO15 0.00000 MA-SV-08-05
GT MA-SV-08A 5.00000 152.40000 1/8/2010 GS Benzene 71-43-2 = 78000.00000 78000.00000 78000 1 490.00000 490.00000 3900.00000 UG/M3 ETO15 0.00000 MA-SV08A-5
GT MA-SV-09 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 430.00000 430000.00000 430000 1 1300.00000 1.30000 6.80000 UG/L ETO15 0.00000 MA-SV-09-05
GT MA-SV-09A 5.00000 152.40000 1/8/2010 GS Benzene 71-43-2 = 22000.00000 22000.00000 22000 1 23.00000 23.00000 180.00000 UG/M3 ETO15 0.00000 MA-SV09A-5
GT MA-SV-10 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 15.00000 15000.00000 15000 1 230.00000 0.23000 1.20000 UG/L ETO15 0.00000 MA-SV-10-05
GT MA-SV-11 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 1.90000 1900.00000 1900 1 46.00000 0.04600 0.25000 UG/L ETO15 0.00000 MA-SV-11-05DUP
GT MA-SV-11 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 3.20000 3200.00000 3200 1 46.00000 0.04600 0.25000 UG/L ETO15 0.00000 MA-SV-11-05
GT MA-SV-12 5.00000 152.40000 6/17/2009 AA Benzene 71-43-2 = 0.31000 310.00000 310 1 7.80000 0.00780 0.04100 UG/L ETO15 0.00000 MA-SV-12-05
GT MA-SV-13 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.28000 280.00000 280 1 5.70000 0.00570 0.03000 UG/L ETO15 0.00000 MA-SV-13-05
GT MA-SV-14 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.05400 54.00000 54 1 2.10000 0.00210 0.01100 UG/L ETO15 0.00000 MA-SV-14-05
GT N24406SVB 15.24000 4/26/2010 4/29/2010 GS Benzene 71-43-2 = 7.60000 7.60000 7.6 1 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 N24406SVB
GT N24406SVF 15.24000 4/26/2010 4/29/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.80000 UG/M3 ETO15 0.00000 N24406SVF
GT N24406SVF 15.24000 4/26/2010 4/29/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.80000 UG/M3 ETO15 0.00000 N24406SVFD
GT N24406SVH 15.24000 4/26/2010 4/29/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 N24406SVH
GT N24422SVB 15.24000 9/21/2009 9/21/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.34 0 0.34000 0.34000 4.20000 UG/M3 ETO15 0.00000 N24422SVB
GT N24422SVF 15.24000 9/21/2009 9/21/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24422SVF
GT N24426SVB 15.24000 9/17/2009 9/17/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 N24426SVB
GT N24426SVF 15.24000 9/17/2009 9/17/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 N24426SVF
GT N24429SVB 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 N24429SVB
GT N24429SVF 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 N24429SVF
GT N24429SVH 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 N24429SVH
GT N24502SVB 15.24000 9/23/2009 9/23/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.00000 UG/M3 ETO15 0.00000 N24502SVB
GT N24502SVF 15.24000 9/23/2009 9/23/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 N24502SVF
GT N24523SVB 15.24000 4/5/2010 4/7/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 N24523SVB
GT N24523SVF 15.24000 4/5/2010 4/7/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.80000 UG/M3 ETO15 0.00000 N24523SVF
GT N24523SVH 15.24000 4/5/2010 4/7/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.70000 UG/M3 ETO15 0.00000 N24523SVH
GT N24609SVB 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 = 4.90000 4.90000 4.9 1 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 N24609SVB
GT N24609SVF 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.80000 UG/M3 ETO15 0.00000 N24609SVF
GT N24609SVH 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 N24609SVH
GT N24618SVB 15.24000 5/17/2010 5/19/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 N24618SVB
GT N24618SVF 15.24000 5/17/2010 5/19/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.49 0 0.49000 0.49000 3.60000 UG/M3 ETO15 0.00000 N24618SVF
GT N24618SVH 15.24000 5/17/2010 5/19/2010 GS Benzene 71-43-2 = 7.00000 7.00000 7 1 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 N24618SVH
GT N24632SVB 15.24000 10/2/2009 10/2/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.10000 UG/M3 ETO15 0.00000 N24632SVB
GT N24632SVF 15.24000 10/2/2009 10/2/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 N24632SVF
GT N24703SVB 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 = 7.00000 7.00000 7 1 0.35000 0.35000 4.30000 UG/M3 ETO15 0.00000 N24703SVB
GT N24703SVF 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24703SVFD
GT N24703SVF 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.00000 UG/M3 ETO15 0.00000 N24703SVF
GT N24715SVB 15.24000 4/23/2010 4/26/2010 GS Benzene 71-43-2 = 4.60000 4.60000 4.6 1 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 N24715SVB
GT N24715SVF 15.24000 4/23/2010 4/26/2010 GS Benzene 71-43-2 = 4.10000 4.10000 4.1 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 N24715SVF
GT N24715SVH 15.24000 4/23/2010 4/26/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 N24715SVH
GT N24725SVB 15.24000 10/2/2009 10/2/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24725SVB
GT N24725SVF 15.24000 10/2/2009 10/2/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24725SVF
GT N24728SVG 15.24000 5/12/2010 5/14/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 N24728SVG
GT N24728SVH 15.24000 5/12/2010 5/14/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 N24728SVH
GT N24728SVH2 15.24000 5/12/2010 5/14/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.80000 UG/M3 ETO15 0.00000 N24728SVH2
GT N24729SVB 15.24000 9/18/2009 9/18/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 N24729SVB
GT N24729SVF 15.24000 9/18/2009 9/18/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.34 0 0.34000 0.34000 4.20000 UG/M3 ETO15 0.00000 N24729SVF
GT N24738SVB 15.24000 9/23/2009 9/23/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 N24738SVB
GT N24738SVF 15.24000 9/23/2009 9/23/2009 GS Benzene 71-43-2 = 5.80000 5.80000 5.8 1 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 N24738SVF
GT N24815SVB 15.24000 9/17/2009 9/17/2009 GS Benzene 71-43-2 = 2.90000 2.90000 2.9 1 0.18000 0.18000 2.20000 UG/M3 ETO15 0.00000 N24815SVB
GT N24815SVF 15.24000 9/17/2009 9/17/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24815SVF
GT N24825SVB 15.24000 9/30/2009 9/30/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.60000 UG/M3 ETO15 0.00000 N24825SVB
GT N24825SVF 15.24000 9/30/2009 9/30/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24825SVF
GT N24912SVB 15.24000 9/30/2009 9/30/2009 GS Benzene 71-43-2 = 12.00000 12.00000 12 1 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24912SVB
GT N24912SVF 15.24000 9/30/2009 9/30/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.31 0 0.31000 0.31000 3.90000 UG/M3 ETO15 0.00000 N24912SVF
GT NE-SV-01 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.06600 66.00000 66 1 7.50000 0.00750 0.04000 UG/L ETO15 0.00000 NE-SV-01-05
GT NE-SV-02 5.00000 152.40000 6/18/2009 AA Benzene 71-43-2 = 0.00840 8.40000 8.4 1 0.50000 0.00050 0.00290 UG/L ETO15 0.00000 NE-SV-02-05
GT NE-SV-05 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 = 0.04900 49.00000 49 1 2.40000 0.00240 0.01300 UG/L ETO15 0.00000 NE-SV-05-05
GT NE-SV-06 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 7.6 0 7.60000 0.00760 0.04100 UG/L ETO15 0.00000 NE-SV-06-05
GT NE-SV-06 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 8.1 0 8.10000 0.00810 0.04300 UG/L ETO15 0.00000 NE-SV-06-05 DUP
GT NE-SV-07 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 = 0.01300 13.00000 13 1 0.70000 0.00070 0.00350 UG/L ETO15 0.00000 NE-SV-07-05
GT NE-SV-08 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 = 4.70000 4700.00000 4700 1 150.00000 0.15000 0.80000 UG/L ETO15 0.00000 NE-SV-08-05
GT NE-SV-09 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 = 21.00000 21000.00000 21000 1 240.00000 0.24000 1.30000 UG/L ETO15 0.00000 NE-SV-09-05
GT NE-SV-10 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 31 0 31.00000 0.03100 0.16000 UG/L ETO15 0.00000 NE-SV-10-05
GT NE-SV-11 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 33 0 33.00000 0.03300 0.17000 UG/L ETO15 0.00000 NE-SV-11-05
GT NE-SV-12 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 = 0.36000 360.00000 360 1 110.00000 0.11000 0.58000 UG/L ETO15 0.00000 NE-SV-12-05
GT NE-SV-13 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 5.3 0 5.30000 0.00530 0.02800 UG/L ETO15 0.00000 NE-SV-13-05
GT NE-SV-14 5.00000 152.40000 6/19/2009 AA Benzene 71-43-2 = 0.01100 11.00000 11 1 0.80000 0.00080 0.00420 UG/L ETO15 0.00000 NE-SV-14-05
GT NE-SV-15 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.04600 46.00000 46 1 6.30000 0.00630 0.03400 UG/L ETO15 0.00000 NE-SV-15-05DUP
GT NE-SV-15 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.04800 48.00000 48 1 6.30000 0.00630 0.03400 UG/L ETO15 0.00000 NE-SV-15-05
GT NE-SV-16 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.00770 7.70000 7.7 1 1.00000 0.00100 0.00500 UG/L ETO15 0.00000 NE-SV-16-05
GT NE-SV-17 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 0.6 0 0.60000 0.00060 0.00310 UG/L ETO15 0.00000 NE-SV-17-05
GT NE-SV-18 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.02700 27.00000 27 1 0.50000 0.00050 0.00270 UG/L ETO15 0.00000 NE-SV-18-05
GT P24406SVB 15.24000 9/17/2009 9/17/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.33 0 0.33000 0.33000 4.10000 UG/M3 ETO15 0.00000 P24406SVB
GT P24406SVB 15.24000 9/17/2009 9/17/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.34 0 0.34000 0.34000 4.20000 UG/M3 ETO15 0.00000 P24406SVB-D
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GT P24406SVF 15.24000 9/18/2009 9/17/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 P24406SVF
GT P24430SVB 15.24000 10/1/2009 10/1/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.36 0 0.36000 0.36000 4.60000 UG/M3 ETO15 0.00000 P24430SVBD
GT P24430SVB 15.24000 10/1/2009 10/1/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.37 0 0.37000 0.37000 4.60000 UG/M3 ETO15 0.00000 P24430SVB
GT P24430SVF 15.24000 10/1/2009 10/1/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 P24430SVF
GT P24502SVB 15.24000 9/25/2009 9/25/2009 GS Benzene 71-43-2 = 4.90000 4.90000 4.9 1 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 P24502SVB
GT P24502SVF 15.24000 9/25/2009 9/25/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.70000 UG/M3 ETO15 0.00000 P24502SVF
GT P24508SVB 15.24000 5/17/2010 5/19/2010 GS Benzene 71-43-2 = 3.70000 3.70000 3.7 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24508SVB
GT P24508SVF 15.24000 5/17/2010 5/19/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 P24508SVF
GT P24508SVH 15.24000 5/17/2010 5/19/2010 GS Benzene 71-43-2 = 9.90000 9.90000 9.9 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24508SVH
GT P24518SVB 15.24000 9/26/2009 9/26/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.00000 UG/M3 ETO15 0.00000 P24518VB
GT P24518SVF 15.24000 9/26/2009 9/26/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 P24518SVF
GT P24609SVB 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 = 5.70000 5.70000 5.7 1 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 P24609SVB
GT P24609SVF 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 P24609SVF
GT P24609SVH 15.24000 4/28/2010 4/30/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 P24609SVH
GT P24619SVB 15.24000 4/6/2010 4/27/2010 GS Benzene 71-43-2 = 5.90000 5.90000 5.9 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24619SVB
GT P24619SVB 15.24000 4/6/2010 4/27/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24619SVBD
GT P24619SVF 15.24000 4/6/2010 4/27/2010 GS Benzene 71-43-2 = 19.00000 19.00000 19 1 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24619SVF
GT P24619SVH 15.24000 4/6/2010 4/27/2010 GS Benzene 71-43-2 = 3.80000 3.80000 3.8 1 0.49000 0.49000 3.60000 UG/M3 ETO15 0.00000 P24619SVH
GT P24619SVH 15.24000 4/6/2010 5/25/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 P24619SVH
GT P24709SVB 15.24000 10/3/2009 10/3/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.70000 UG/M3 ETO15 0.00000 P24709SVB
GT P24709SVF 15.24000 10/3/2009 10/3/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.26 0 0.26000 0.26000 3.30000 UG/M3 ETO15 0.00000 P24709SVF
GT P24709SVH 15.24000 10/3/2009 10/3/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 P24709SVH
GT P24732SVB 15.24000 4/7/2010 4/22/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 P24732SVB
GT P24732SVF 15.24000 4/7/2010 4/22/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 P24732SVF
GT P24732SVH 15.24000 4/7/2010 4/23/2010 GS Benzene 71-43-2 = 14.00000 14.00000 14 1 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 P24732SVH
GT P24802SVB 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 = 18.00000 18.00000 18 1 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 P24802SVBD
GT P24802SVB 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.80000 UG/M3 ETO15 0.00000 P24802SVB
GT P24802SVF 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 P24802SVF
GT P24802SVH 15.24000 4/26/2010 4/28/2010 GS Benzene 71-43-2 = 3.80000 3.80000 3.8 1 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 P24802SVH
GT P24809SVB 15.24000 10/15/2009 10/15/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.80000 UG/M3 ETO15 0.00000 P24809SVBD
GT P24809SVB 15.24000 10/15/2009 10/15/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 P24809SVB
GT P24809SVF 15.24000 10/15/2009 10/15/2009 GS Benzene 71-43-2 = 6.40000 6.40000 6.4 1 0.27000 0.27000 3.80000 UG/M3 ETO15 0.00000 P24809SVF
GT P24809SVH 15.24000 10/15/2009 10/15/2009 AX Benzene 71-43-2 = 0.60000 0.60000 0.6 1 0.54000 0.54000 2.10000 UG/M3 ETO15 0.00000 P24809SVHS
GT P24809SVH 15.24000 10/15/2009 10/15/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.80000 UG/M3 ETO15 0.00000 P24809SVH
GT P24812SVB 15.24000 4/28/2010 5/5/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24812SVB
GT P24812SVB 15.24000 4/28/2010 5/5/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 P24812SVBD
GT P24812SVF 15.24000 4/28/2010 5/5/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 P24812SVF
GT P24812SVH 15.24000 4/28/2010 5/5/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 P24812SVH
GT P24823SVB 15.24000 1/5/2010 1/5/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 P24823SVB
GT P24823SVF 15.24000 1/5/2010 1/5/2010 GS Benzene 71-43-2 = 6.50000 6.50000 6.5 1 0.26000 0.26000 3.50000 UG/M3 ETO15 0.00000 P24823SVF
GT P24829SVF 15.24000 5/19/2010 5/21/2010 GS Benzene 71-43-2 = 7.10000 7.10000 7.1 1 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 P24829SVF
GT P24829SVH 15.24000 5/19/2010 5/21/2010 GS Benzene 71-43-2 = 6.60000 6.60000 6.6 1 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 P24829SVH
GT P24829SVP 15.24000 5/19/2010 5/21/2010 GS Benzene 71-43-2 = 28.00000 28.00000 28 1 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 P24829SVP
GT P24838SVB2 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 = 7.90000 7.90000 7.9 1 0.33000 0.33000 4.10000 UG/M3 ETO15 0.00000 P24838SVB2
GT P24838SVF 15.24000 9/22/2009 9/22/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.10000 UG/M3 ETO15 0.00000 P24838SVF
GT PA-SV-01 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.02300 23.00000 23 1 1.90000 0.00190 0.01000 UG/L ETO15 0.00000 PA-SV-01-05
GT PA-SV-02 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.03200 32.00000 32 1 1.50000 0.00150 0.00800 UG/L ETO15 0.00000 PA-SV-02-05
GT PA-SV-03 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.84000 840.00000 840 1 22.00000 0.02200 0.12000 UG/L ETO15 0.00000 PA-SV-03-05
GT PA-SV-04 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.07400 74.00000 74 1 10.00000 0.01000 0.05300 UG/L ETO15 0.00000 PA-SV-04-05
GT PA-SV-05 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 ND 0.00000 0.00000 51 0 51.00000 0.05100 0.27000 UG/L ETO15 0.00000 PA-SV-05-05
GT PA-SV-06 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.04100 41.00000 41 1 0.50000 0.00050 0.00270 UG/L ETO15 0.00000 PA-SV-06-05
GT PA-SV-07 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.11000 110.00000 110 1 2.00000 0.00200 0.01000 UG/L ETO15 0.00000 PA-SV-07-05
GT PA-SV-08 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.88000 880.00000 880 1 19.00000 0.01900 0.10000 UG/L ETO15 0.00000 PA-SV-08-05
GT PA-SV-09 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.32000 320.00000 320 1 18.00000 0.01800 0.09300 UG/L ETO15 0.00000 PA-SV-09-05
GT PA-SV-10 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.25000 250.00000 250 1 46.00000 0.04600 0.24000 UG/L ETO15 0.00000 PA-SV-10-05
GT PA-SV-11 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.31000 310.00000 310 1 23.00000 0.02300 0.12000 UG/L ETO15 0.00000 PA-SV-11-05
GT PA-SV-12 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.02200 22.00000 22 1 0.50000 0.00050 0.00250 UG/L ETO15 0.00000 PA-SV-12-05
GT PA-SV-13 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.01200 12.00000 12 1 0.50000 0.00050 0.00250 UG/L ETO15 0.00000 PA-SV-13-05
GT PA-SV-14 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.00750 7.50000 7.5 1 0.50000 0.00050 0.00260 UG/L ETO15 0.00000 PA-SV-14-05
GT PA-SV-15 5.00000 152.40000 7/9/2009 AA Benzene 71-43-2 = 2.90000 2900.00000 2900 1 7.50000 0.00750 0.04000 UG/L ETO15 0.00000 PA-SV-15-05
GT PA-SV-16 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.29000 290.00000 290 1 7.80000 0.00780 0.04200 UG/L ETO15 0.00000 PA-SV-16-05
GT PA-SV-17 5.00000 152.40000 7/1/2009 AA Benzene 71-43-2 = 0.38000 380.00000 380 1 47.00000 0.04700 0.25000 UG/L ETO15 0.00000 PA-SV-17-05
GT R24402SVB 15.24000 10/2/2009 10/2/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.70000 UG/M3 ETO15 0.00000 R24402SVB
GT R24402SVF 15.24000 10/2/2009 10/2/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.3 0 0.30000 0.30000 3.80000 UG/M3 ETO15 0.00000 R24402SVF
GT R24416SVB 15.24000 9/19/2009 9/19/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 R24416SVB
GT R24416SVF 15.24000 9/19/2009 9/19/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.24 0 0.24000 0.24000 3.00000 UG/M3 ETO15 0.00000 R24416SVF
GT R24419SVB 15.24000 9/21/2009 9/21/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.2 0 0.20000 0.20000 2.50000 UG/M3 ETO15 0.00000 R24419SVB
GT R24419SVF 15.24000 9/21/2009 9/21/2009 GS Benzene 71-43-2 = 3.20000 3.20000 3.2 1 0.24000 0.24000 3.00000 UG/M3 ETO15 0.00000 R24419SVF
GT R24423SVB 15.24000 9/24/2009 9/24/2009 GS Benzene 71-43-2 = 3.90000 3.90000 3.9 1 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 R24423SVB
GT R24423SVF 15.24000 9/24/2009 9/24/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.00000 UG/M3 ETO15 0.00000 R24423SVF
GT R24423SVF 15.24000 9/24/2009 9/24/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.32 0 0.32000 0.32000 4.00000 UG/M3 ETO15 0.00000 R24423SVFD
GT R24502SVB 15.24000 4/8/2010 4/22/2010 GS Benzene 71-43-2 = 9.60000 9.60000 9.6 1 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 R24502SVB
GT R24502SVF 15.24000 4/8/2010 4/22/2010 GS Benzene 71-43-2 = 8.70000 8.70000 8.7 1 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 R24502SVF
GT R24502SVH 15.24000 4/8/2010 4/22/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 R24502SVH
GT R24513SVB 15.24000 4/21/2010 4/23/2010 GS Benzene 71-43-2 = 9.30000 9.30000 9.3 1 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 R24513SVB
GT R24513SVF 15.24000 4/21/2010 4/23/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 R24513SVF
GT R24513SVH 15.24000 4/21/2010 4/23/2010 GS Benzene 71-43-2 = 57.00000 57.00000 57 1 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 R24513SVH
GT R24518SVF 15.24000 4/22/2010 4/26/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.49 0 0.49000 0.49000 3.60000 UG/M3 ETO15 0.00000 R24518SVF
GT R24518SVH1 15.24000 4/22/2010 4/26/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.90000 UG/M3 ETO15 0.00000 R24518SVH1
GT R24518SVH2 15.24000 4/22/2010 4/26/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.51 0 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 R24518SVH2
GT R24523SVB 15.24000 11/8/2009 11/8/2009 AX Benzene 71-43-2 = 5100.00000 5100.00000 5100 1 150.00000 150.00000 570.00000 UG/M3 ETO15 0.00000 R24523SVBS
GT R24523SVB 15.24000 11/8/2009 11/8/2009 GS Benzene 71-43-2 = 6500.00000 6500.00000 6500 1 74.00000 74.00000 490.00000 UG/M3 ETO15 0.00000 R24523SVB
GT R24523SVB 15.24000 11/8/2009 12/3/2009 GS Benzene 71-43-2 = 26.00000 26.00000 26 1 0.25000 0.25000 3.40000 UG/M3 ETO15 0.00000 R24523SVBa
GT R24523SVF 15.24000 11/8/2009 11/8/2009 AX Benzene 71-43-2 = 0.80000 0.80000 0.8 1 0.49000 0.49000 1.90000 UG/M3 ETO15 0.00000 R24523SVFS
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GT R24523SVF 15.24000 11/8/2009 11/8/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.16 0 0.16000 0.16000 3.40000 UG/M3 ETO15 0.00000 R24523SVF
GT R24603SVB 15.24000 9/19/2009 9/19/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.60000 UG/M3 ETO15 0.00000 R24603SVB
GT R24603SVF 15.24000 9/19/2009 9/19/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.34 0 0.34000 0.34000 4.20000 UG/M3 ETO15 0.00000 R24603SVF
GT R24613SVB 15.24000 12/31/2009 12/31/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.80000 UG/M3 ETO15 0.00000 R24613SVB
GT R24613SVF 15.24000 12/31/2009 12/31/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.29 0 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 R24613SVF
GT R24613SVH 15.24000 12/31/2009 12/31/2009 GS Benzene 71-43-2 = 4.20000 4.20000 4.2 1 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 R24613SVH
GT R24700SVB 15.24000 10/12/2009 10/12/2009 AX Benzene 71-43-2 = 0.64000 0.64000 0.64 1 0.60000 0.60000 2.30000 UG/M3 ETO15 0.00000 R24700SVBS
GT R24700SVB 15.24000 10/12/2009 10/12/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.4 0 0.40000 0.40000 4.00000 UG/M3 ETO15 0.00000 R24700SVB
GT R24700SVF 15.24000 10/12/2009 10/12/2009 AX Benzene 71-43-2 = 0.90000 0.90000 0.9 1 0.49000 0.49000 1.90000 UG/M3 ETO15 0.00000 R24700SVFS
GT R24700SVF 15.24000 10/12/2009 10/12/2009 GS Benzene 71-43-2 ND 0.00000 0.00000 0.34 0 0.34000 0.34000 3.40000 UG/M3 ETO15 0.00000 R24700SVF
GT R24709SVB 15.24000 4/22/2010 4/26/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.52 0 0.52000 0.52000 3.80000 UG/M3 ETO15 0.00000 R24709SVB2
GT R24709SVB 15.24000 4/22/2010 4/26/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.53 0 0.53000 0.53000 3.80000 UG/M3 ETO15 0.00000 R24709SVB
GT R24709SVF 15.24000 4/22/2010 4/26/2010 GS Benzene 71-43-2 = 7.00000 7.00000 7 1 0.51000 0.51000 3.70000 UG/M3 ETO15 0.00000 R24709SVF
GT R24712SVB 15.24000 1/4/2010 1/4/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 R24712SVB
GT R24712SVF 15.24000 1/4/2010 1/4/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 R24712SVF
GT R24712SVH 15.24000 1/4/2010 1/4/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 R24712SVH
GT R24719SVB 15.24000 4/7/2010 4/21/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 R24719SVB
GT R24719SVF 15.24000 4/7/2010 4/21/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 R24719SVF
GT R24733SVB 15.24000 3/29/2010 4/8/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 R24733SVB
GT R24733SVF 15.24000 3/29/2010 4/8/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 R24733SVF
GT R24733SVH 15.24000 3/29/2010 4/8/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 R24733SVH
GT R24736SVB 15.24000 4/27/2010 4/28/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.27 0 0.27000 0.27000 3.60000 UG/M3 ETO15 0.00000 R24736SVB
GT R24736SVF 15.24000 4/27/2010 4/28/2010 GS Benzene 71-43-2 = 4.70000 4.70000 4.7 1 0.29000 0.29000 3.90000 UG/M3 ETO15 0.00000 R24736SVF
GT R24736SVH 15.24000 4/27/2010 4/28/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 R24736SVH
GT R24752SVB 15.24000 3/31/2010 4/9/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.80000 UG/M3 ETO15 0.00000 R24752SVB
GT R24752SVF 15.24000 3/31/2010 4/9/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.28 0 0.28000 0.28000 3.70000 UG/M3 ETO15 0.00000 R24752SVF
GT R24752SVH 15.24000 3/31/2010 5/21/2010 GS Benzene 71-43-2 ND 0.00000 0.00000 0.49 0 0.49000 0.49000 6.50000 UG/M3 ETO15 0.00000 R24752SVH2
GT RA-SV-03 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 2.50000 2500.00000 2500 1 260.00000 0.26000 1.40000 UG/L ETO15 0.00000 RA-SV-03-05
GT RA-SV-05 5.00000 152.40000 7/2/2009 AA Benzene 71-43-2 = 3.70000 3700.00000 3700 1 34.00000 0.03400 0.18000 UG/L ETO15 0.00000 RA-SV-05-05DUP
GT RA-SV-05 5.00000 152.40000 7/2/2009 AA Benzene 71-43-2 = 4.00000 4000.00000 4000 1 30.00000 0.03000 0.16000 UG/L ETO15 0.00000 RA-SV-05-05
GT RA-SV-06 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.47000 470.00000 470 1 94.00000 0.09400 0.50000 UG/L ETO15 0.00000 RA-SV-06-05
GT RA-SV-07 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.04300 43.00000 43 1 0.50000 0.00050 0.00260 UG/L ETO15 0.00000 RA-SV-07-05
GT RA-SV-08 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.03400 34.00000 34 1 0.50000 0.00050 0.00250 UG/L ETO15 0.00000 RA-SV-08-05
GT RA-SV-09 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.02800 28.00000 28 1 1.80000 0.00180 0.00970 UG/L ETO15 0.00000 RA-SV-09-05
GT RA-SV-10 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.03300 33.00000 33 1 2.00000 0.00200 0.01100 UG/L ETO15 0.00000 RA-SV-10-05
GT RA-SV-11 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.02900 29.00000 29 1 2.00000 0.00200 0.01000 UG/L ETO15 0.00000 RA-SV-11-05
GT RA-SV-12 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 0.04500 45.00000 45 1 1.10000 0.00110 0.00580 UG/L ETO15 0.00000 RA-SV-12-05
GT RA-SV-13 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 = 11.00000 11000.00000 11000 1 77.00000 0.07700 0.41000 UG/L ETO15 0.00000 RA-SV-13-05 DUP
GT RA-SV-13 5.00000 152.40000 7/6/2009 AA Benzene 71-43-2 = 12.00000 12000.00000 12000 1 82.00000 0.08200 0.44000 UG/L ETO15 0.00000 RA-SV-13-05
GT RA-SV-14 5.00000 152.40000 6/29/2009 AA Benzene 71-43-2 = 1.80000 1800.00000 1800 1 160.00000 0.16000 0.84000 UG/L ETO15 0.00000 RA-SV-14-05
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NOTICE


The policies and procedures set forth here are intended solely as guidance to EPA and other government 
employees and contractors.  This guidance does not constitute rulemaking by the Agency, and cannot be relied on to 
create a substantive or procedural right enforceable by any party in litigation with the United States.  EPA may take 
action that is at variance with the policies and procedures in this manual and may change them at any time without 
public notice. 

This interim final guidance is based on policies in the proposed revisions to the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP), which were published on December 21, 1988 (53 Federal Register 
51394).  The final NCP may adopt policies different than those in this manual and should, when promulgated, be 
considered the authoritative source.  A final version of this manual will be published after the revised NCP is 
promulgated. 

Following the date of its publication, this manual is intended to be used as guidance for all human health risk 
assessments conducted as part of Superfund remedial investigations and feasibility studies.  Issuance of this manual 
does not invalidate human health risk assessments completed before (or in progress at) the publication date and based 
on previously released Agency guidance. 
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ABOUT THE REVISION . . .


WHAT IT 
IS 

EPA's Human Health Evaluation Manual  is a revision of the Superfund Public 
Health Evaluation Manual (SPHEM; October 1986); it is Volume I of the two-volume set called 
Risk Assessment Guidance for Superfund. This manual has three main parts: the baseline risk 
assessment (Part A); refinement of preliminary remediation goals (Part B); and evaluation of 
remedial alternatives (Part C). (Only Part A is included in the first distribution; see below.) 

WHO IT'S 
FOR 

Risk assessors, risk assessment reviewers, remedial project managers (RPMs), and risk 
managers involved in Superfund site cleanup activities will benefit from this revision. 

WHAT'S 
NEW 

This revision builds upon the process established in SPHEM and provides more detailed 
guidance on many of the procedures used to assess health risk.  New information and techniques are 
presented that reflect the extensive Superfund program experience conducting health risk 
assessments at Superfund sites. Policies established and refined over the years 
-- especially those resulting from the proposed National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) -- have been updated and clarified.  Additionally, the links between the 
human health evaluation, the environmental evaluation, and the remedial investigation/feasibility 
study (RI/FS) have been strengthened. 

In Part A you will find: 

For the risk assessor -- Updated procedures and policies, specific equations and variable 
values for estimating exposure, and a hierarchy of toxicity data sources. 

For the risk assessment reviewer -- A baseline risk assessment outline for consistent 
presentation of risk information and format, and a reviewer's checklist to ensure 
appropriate quality and content of the risk assessment. 

For the RPM -- A comprehensive overview of the risk assessment process in the RI/FS, 
a checklist for RPM involvement throughout the process, and a complete index for quick 
reference. 

For the risk manager -- An expanded chapter on risk characterization (Chapter 8) to help 
summarize and present risk information for the decision-maker, and more detailed 
descriptions of uncertainties in the assessment. 

DISTRIBU
TION PLAN 

This manual is being distributed as an interim final document while the proposed NCP is 
being finalized. After the final NCP is published, the manual will be updated and finalized. Parts 
B and C -- which were not distributed as interim final because they are highly dependent on possible 
revisions to the NCP -- will be added.  Periodically, updates of portions of the manual will be 
distributed. 
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PREFACE 

The Comprehensive Environmental Response, should be coordinated.  An example of this type of 
Compensation, and Liability Act (CERCLA) requires coordination is the sampling and analysis of fish or 
that actions selected to remedy hazardous waste sites other aquatic organisms; if done properly, data from 
be protective of human health and the environment. such sampling can be used in the assessment of human 
CERCLA also mandates that when a remedial action health risks from ingestion and in the assessment of 
results in residual contamination at a site, future damages to and potential effects on the aquatic 
reviews must be planned and conducted to assure that ecosystem. 
human health and the environment continue to be 
protected.  As part of its effort to meet these and other The two manuals in this set target somewhat 
CERCLA requirements, EPA has developed a set of different audiences.  The Environmental Evaluation 
manuals, together entitled Risk Assessment Guidance Manual is addressed primarily to remedial project 
for Superfund. The Human Health Evaluation Manual managers (RPMs) and on-scene coordinators (OSCs), 
(Volume I) provides guidance for developing health who are responsible for ensuring a thorough evaluation 
risk information at Superfund sites, while the of potential environmental effects at sites.  The 
Environmental Evaluation Manual (Volume II) Environmental Evaluation Manual is not a detailed 
provides guidance for environmental assessment at "how-to" type of guidance, and it does not provide 
Superfund sites.  Guidance in both human health "cookbook" approaches for evaluation.  Instead, it 
evaluation and environmental assessment is needed so identifies the kinds of help that RPMs/OSCs are likely 
that EPA can fulfill CERCLA's requirement to protect to need and where they may find that help.  The 
human health and the environment. manual also provides an overall framework to be used 

in considering environmental effects. An 
The Risk Assessment Guidance for Superfund environmental evaluation methods compendium 

manuals were developed to be used in the remedial published by EPA's Office of Research and 
investigation/feasibility study (RI/FS) process at Development, Ecological Assessments of Hazardous 
Superfund sites, although the analytical framework Waste Sites: A Field and Laboratory Reference 
and specific methods described in the manuals may Document (EPA/600/3-89/013), is an important 
also be applicable to other assessments of hazardous reference to be used with the manual. 
wastes and hazardous materials.  These manuals are 
companion documents to EPA's Guidance for The Human Health Evaluation Manual is 
Conducting Remedial Investigations and Feasibility addressed primarily to the individuals actually 
Studies Under CERCLA (October 1988), and users conducting health risk assessments for sites, who 
should be familiar with that guidance.  The two frequently are contractors to EPA, other federal 
Superfund risk assessment manuals were developed agencies, states, or potentially responsible parties.  It 
with extensive input from EPA workgroups comprised also is targeted to EPA staff, including those 
of both regional and headquarters staff.  These responsible for review and oversight of risk 
manuals are interim final guidance; final guidance will assessments (e.g., technical staff in the regions) and 
be issued when the revisions proposed in December those responsible for ensuring adequate evaluation of 
1988 to the National Oil and Hazardous Substances human health risks (i.e., RPMs).  The Human Health 
Pollution Contingency Plan (NCP) become final. Evaluation Manual replaces a previous EPA guidance 

document, The Superfund Public Health Evaluation 
Although human health risk assessment and Manual (October 1986), which should no longer be 

environmental assessment are different processes, they used.  The new manual incorporates lessons learned 
share certain common information needs and generally from application of the earlier manual and addresses 
can use some of the same chemical sampling and a number of issues raised since the earlier manual's 
environmental setting data for a site.  Planning for publication.  Issuance of the new manual does not 
both assessments should begin during the scoping invalidate human health risk assessments completed 
stage of the RI/FS, and site sampling and other data before (or in progress at) the publication date. 
collection activities to support the two assessments 
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The Human Health Evaluation Manual provides 
a basic framework for health risk assessment at 
Superfund sites, as the Environmental Evaluation 
Manual does for environmental assessment. The 
Human Health Evaluation Manual differs, however, 
by providing more detailed guidance on many of the 
procedures used to assess health risk.  This additional 
level of detail is possible because of the relatively 
large body of information, techniques, and guidance 
available on human health risk assessment and the 
extensive Superfund program experience conducting 
such assessments for sites. 

Even though the Human Health Evaluation Manual is 
considerably more specific than the Environmental 
Evaluation Manual, it also is not a "cookbook," and 
proper application of the guidance requires substantial 
expertise and professional judgment. 
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CHAPTER 1


INTRODUCTION


The Comprehensive Environmental Response, The goal of the Superfund human health 
Compensation, and Liability Act of 1980, as evaluation process is to provide a framework for 
amended (CERCLA, or "Superfund"), establishes a developing the risk information necessary to assist 
national program for responding to releases of decision-making at remedial sites. Specific 
hazardous substances into the environment.1 The objectives of the process are to: 
National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) is the regulation that provide an analysis of baseline risks 4

� 
implements CERCLA.2   Among other things, the and help determine the need for action 
NCP establishes the overall approach for at sites; 
determining appropriate remedial actions at 
Superfund sites.  The overarching mandate of the provide a basis for determining levels of � 
Superfund program is to protect human health and chemicals that can remain onsite and

the environment from current and potential threats still be adequately protective of public

posed by uncontrolled hazardous substance health;

releases, and the NCP echoes this mandate.


� provide a basis for comparing potential 
To help meet this Superfund mandate, EPA's health impacts of various remedial 

Office of Emergency and Remedial Response has alternatives; and 
developed a human health evaluation process as 
part of its remedial response program.  The process provide a consistent process for� 
of gathering and assessing human health risk evaluating and documenting public 
information described in this manual is adapted health threats at sites. 
from well-established chemical risk assessment 
principles and procedures (NAS 1983; CRS 1983; The human health evaluation process 
OSTP 1985).  It is designed to be consistent with described in this manual is an integral part of the 
EPA's published risk assessment guidelines (EPA remedial response process defined by CERCLA and 
1984; EPA 1986a-e; EPA 1988a; EPA 1989a) and the NCP.  The risk information generated by the 
other Agency-wide risk assessment policy. The human health evaluation process is designed to be 
Human Health Evaluation Manual revises and used in the remedial investigation/feasibility study 
replaces the Superfund Public Health Evaluation (RI/FS) at Superfund sites.  Although risk 
Manual (EPA 1986f).3   It incorporates new information is fundamental to the RI/FS and to the 
information and builds on several years of remedial response program in general, Superfund 
Superfund program experience conducting risk site experience has led EPA to balance the need for 
assessments at hazardous waste sites. In addition, information with the need to take action at sites 
the Human Health Evaluation Manual together quickly and to streamline the remedial process. 
with the companion Environmental Evaluation Revisions proposed to the NCP in 1988 reflect EPA 
Manual (EPA 1989b) replaces EPA's 1985 program management principles intended to 
Endangerment Assessment Handbook, which promote the efficiency and effectiveness of the 
should no longer be used (see Section 2.2.1). remedial response process. Chief among these 

principles is a bias for action.  EPA's Guidance for 
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Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA (EPA 1988b) 
also was revised in 1988 to incorporate 
management initiatives designed to streamline the 
RI/FS process and to make information collection 
activities during the RI more efficient.  The Risk 
Assessment Guidance for Superfund, of which this 
Human Health Evaluation Manual is Volume I,5 

has been developed to reflect the emphasis on 
streamlining the remedial process.  The Human 
Health Evaluation Manual is a companion 
document to the RI/FS guidance.  It provides a basic 
framework for developing health risk information at 
Superfund sites and also gives specific guidance on 
appropriate methods and data to use.  Users of the 
Human Health Evaluation Manual should be 
familiar with the RI/FS guidance, as well as with 
other guidances referenced throughout later chapters 
of this manual. 

The Human Health Evaluation Manual is 
addressed primarily to the individuals actually 
conducting human health evaluations for sites 
(frequently contractors to EPA, other federal 
agencies, states, or potentially responsible parties). 
It also is targeted to EPA staff responsible for 
review and oversight of risk assessments (e.g., 
technical staff in the regions) and those responsible 
for ensuring an adequate evaluation of human health 
risks (i.e., remedial project managers, or RPMs). 
Although the terms risk assessor and risk 
assessment reviewer are used in this manual, it is 
emphasized that they generally refer to teams of 
individuals in appropriate disciplines (e.g., 
toxicologists, chemists, hydrologists, engineers).  It 
is recommended that an appropriate team of 
scientists and engineers be assembled for the human 
health evaluation at each specific site.  It is the 
responsibility of RPMs, along with the leaders of 
human health evaluation teams, to match the 
scientific support they deem appropriate with the 
resources at their disposal. 

Individuals having different levels of scientific 
training and experience are likely to use the manual 
in designing, conducting, and reviewing human 
health evaluations.  Because assumptions and 
judgments are required in many parts of the 
analysis, the individuals conducting the evaluation 

are key elements in the process.  The manual is not 
intended to instruct non-technical personnel how to 
perform technical evaluations, nor to allow 
professionals trained in one discipline to perform 
the work of another. 

KEY PLAYERS IN SUPERFUND

SITE RISK ASSESSMENT/


RISK MANAGEMENT


Risk Assessor. The individual or team of individuals 
who actually organizes and analyzes site data, develops 
exposure and risk calculations, and prepares human 
health evaluation (i.e., risk assessment) reports. Risk 
assessors for Superfund sites frequently are contractors to 
EPA, other federal agencies, states, or potentially 
responsible parties. 

Risk Assessment Reviewer. The individual or team of 
individuals within an EPA region who provides technical 
oversight and quality assurance review of human health 
evaluation activities. 

Remedial Project Manager (RPM). The individual who 
manages and oversees all RI/FS activities, including the 
human health evaluation, for a site. The RPM is 
responsible for ensuring adequate evaluation of human 
health risks and for determining the level of resources to 
be committed to the human health evaluation. 

Risk Manager. The individual or group of individuals 
who serves as primary decision-maker for a site, 
generally regional Superfund management in consultation 
with the RPM and members of the technical staff. The 
identity of the risk manager may differ from region to 
region and for sites of varying complexity. 

The Human Health Evaluation Manual 
admittedly cannot address all site circumstances. 
Users of the manual must exercise technical and 
management judgment, and should consult with 
EPA regional risk assessment contacts and 
appropriate headquarters staff when encountering 
unusual or particularly complex technical issues. 

The first three chapters of this manual provide 
background information to help place the human 
health evaluation process in the context of the 
Superfund remedial process.  This chapter (Chapter 
1) summarizes the human health evaluation process 
during the RI/FS.  The three main parts of this 
process -- baseline risk assessment, refinement of 
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preliminary remediation goals, and remedial (3) remedial alternatives risk evaluation 
alternatives risk evaluation -- are described in detail (Part C). 
in subsequent chapters.  Chapter 2 discusses in a 
more general way the role of risk information in the Because these risk information activities are 
overall Superfund remedial program by focusing on intertwined with the RI/FS, this section describes 
the statutes, regulations, and guidance relevant to those activities in the context of the RI/FS process. 
the human health evaluation.  Chapter 2 also It relates the three parts of the human health 
identifies and contrasts Superfund studies related to evaluation to the stages of the RI/FS, which are: 
the human health evaluation.  Chapter 3 discusses 
issues related to planning for the human health project scoping (before the RI); � 
evaluation. 

� site characterization (RI); 
1.1	 OVERVIEW OF THE HUMAN 

HEALTH  EVALUATI ON PROCESS � establishment of remedial action 
IN THE RI/FS objectives (FS); 

Section 300.430 of the proposed revised NCP � development and screening of 
reiterates that the purpose of the remedial process is alternatives (FS); and 
to implement remedies that reduce, control, or 
eliminate risks to human health and the � detailed analysis of alternatives (FS). 
environment.  The remedial investigation and 
feasibility study (RI/FS) is the methodology that the Although the RI/FS process and related risk 
Superfund program has established for information activities are presented in a fashion that 
characterizing the nature and extent of risks posed makes the steps appear sequential and distinct, in 
by uncontrolled hazardous waste sites and for practice the process is highly interactive.  In fact, 
developing and evaluating remedial options. The the RI and FS are conducted concurrently.  Data 
1986 amendments to CERCLA reemphasized the collected in the RI influences the development of 
original statutory mandate that remedies meet a remedial alternatives in the FS, which in turn affects 
threshold requirement to protect human health and the data needs and scope of treatability studies and 
the environment and that they be cost-effective, additional field investigations. The RI/FS should be 
while adding new emphasis to the permanence of viewed as a flexible process that can and should be 
remedies.  Because the RI/FS is an analytical tailored to specific circumstances and information 
process designed to support risk management needs of individual sites, not as a rigid approach 
decision-making for Superfund sites, the assessment that must be conducted identically at every site. 
of health and environmental risk plays an essential Likewise, the human health evaluation process 
role in the RI/FS. described here should be viewed the same way. 

This manual provides guidance on the human Two concepts are essential to the phased RI/FS 
health evaluation activities that are conducted approach.  First, initial data collection efforts 
during the RI/FS.  The three basic parts of the develop a general understanding of the site. 
RI/FS human health evaluation are: Subsequent data collection effort focuses on filling 

previously unidentified gaps in the understanding of 
(1) baseline risk assessment (described in site characteristics and gathering information 

Part A of this manual);	 necessary to evaluate remedial alternatives. 
Second, key data needs should be identified as early 

(2) refinement of preliminary remediation in the process as possible to ensure that data 
goals (Part B); and	 collection is always directed toward providing 

information relevant to selection of a remedial 
action. In this way, the overall site characterization 
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effort can be continually scoped to minimize the 
collection of unnecessary data and maximize data 
quality. 

The RI/FS provides decision-makers with a 
technical evaluation of the threats posed at a site, a 
characterization of the potential routes of exposure, 
an assessment of remedial alternatives (including 
their relative advantages and disadvantages), and an 
analysis of the trade-offs in selecting one alternative 
over another.  EPA's interim final Guidance for 
Conducting Remedial Investigations and 
Feasibility Studies under CERCLA (EPA 1988b) 
provides a detailed structure for the RI/FS.  The 
RI/FS guidance provides further background that is 
helpful in understanding the place of the human 
health evaluation in the RI/FS process.  The role 
that risk information plays in these stages of the 
RI/FS is described below; additional background 
can be found in the RI/FS guidance and in a 
summary of the guidance found in Chapter 2. 
Exhibit 1-1 illustrates the RI/FS process, showing 
where in the process risk information is gathered 
and analyzed. 

1.1.1 PROJECT SCOPING 

The purpose of project scoping is to define 
more specifically the appropriate type and extent of 
investigation and analysis that should be undertaken 
for a given site.  During scoping, to assist in 
evaluating the possible impacts of releases from the 
site on human health and the environment, a 
conceptual model of the site should be established, 

PROJECT SCOPING 

Program experience has shown that scoping is a very 
important step for the human health evaluation process, 
and both the health and environmental evaluation teams 
need to get involved in the RI/FS during the scoping 
stage.  Planning for site data collection activities is 
necessary to focus the human health evaluation (and 
environmental evaluation) on the minimum amount of 
sampling information in order to meet time and budget 
constraints, while at the same time ensuring that enough 
information is gathered to assess risks adequately.  (See 
Chapter 3 for information on planning the human health 
evaluation.) 

considering in a qualitative manner the sources of 
contamination, potential pathways of exposure, and 
potential receptors.  (Scoping is also the starting 
point for the risk assessment, during which exposure 
pathways are identified in the conceptual model for 
further investigation and quantification.) 

The preliminary characterization during project 
scoping is initially developed with readily available 
information and is refined as additional data are 
collected. The main objectives of scoping are to 
identify the types of decisions that need to be made, 
to determine the types (including quantity and 
quality) of data needed, and to design efficient 
studies to collect these data.  Potential site-specific 
modeling activities should be discussed at initial 
scoping meetings to ensure that modeling results 
will supplement the sampling data and effectively 
support risk assessment activities. 

1.1.2 SITE CHARACTERI ZATI ON (RI) 

During site characterization, the sampling and 
analysis plan developed during project scoping is 
implemented and field data are collected and 
analyzed to determine the nature and extent of 
threats to human health and the environment posed 
by a site. The major components of site 
characterization are: 

�	 collection and analysis of field data to 
characterize the site; 

�	 development of a baseline risk 
assessment for both potential human 
health effects and potential 
environmental effects; and 

�	 treatability studies, as appropriate. 

Part of the human health evaluation, the 
baseline risk assessment (Part A of this manual) is 
an analysis of the potential adverse health effects 
(current or future) caused by hazardous substance 
releases from a site in the absence of any actions to 
control or mitigate these releases (i.e., under an 
assumption of no action).  The baseline risk 
assessment contributes to the site characterization 
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and subsequent development, evaluation, and makers with an understanding of potential future 
selection of appropriate response alternatives. The exposures and threats and include a qualitative 
results of the baseline risk assessment are used to: estimate of the likelihood of such exposures 

occurring.  Conducting an exposure assessment 
� help determine whether additional	 involvesanalyzingcontaminantreleases; identifying 

response action is necessary at the site;	 exposed populations; identifying all potential 
pathways of exposure; estimating exposure point 

� modify preliminary remediation goals;	 concentrations for specific pathways, based both on 
environmental monitoring data and predictive 

�	 help support selection of the "no-action" chemical modeling results; and estimating 
remedial alternative, where appropriate; contaminant intakes for specific pathways.  The 
and results of this assessment are pathway-specific 

intakes for current and future exposures to 
�	 document the magnitude of risk at a site, individual substances. (Chapter 6 addresses 

and the primary causes of that risk. exposure assessment.) 

Baseline risk assessments are site-specific and The toxicity assessment component of the 
therefore may vary in both detail and the extent to Superfund baseline risk assessment considers:  (1) 
which qualitative and quantitative analyses are the types of adverse health effects associated with 
used, depending on the complexity and particular chemical exposures; (2) the relationship between 
circumstances of the site, as well as the availability magnitude of exposure and adverse effects; and (3) 
of applicable or relevant and appropriate related uncertainties such as the weight of evidence 
requirements (ARARs) and other criteria, of a particular chemical's carcinogenicity in 
advisories, and guidance.  After an initial planning humans. Typically, the Superfund site risk 
stage (described more fully in Chapter 3), there are assessments rely heavily on existing toxicity 
four steps in the baseline risk assessment process: information developed on specific chemicals. 
data collection and analysis; exposure assessment; Toxicity assessment for contaminants found at 
toxicity assessment; and risk characterization.  Each Superfund sites is generally accomplished in two 
step is described briefly below and presented in steps: hazard identification and dose-response 
Exhibit 1-2. assessment.  The first step, hazard identification, is 

the process of determining whether exposure to an 
Data collection and evaluation involves agent can cause an increase in the incidence of an 

gathering and analyzing the site data relevant to the adverse health effect (e.g., cancer, birth defect). 
human health evaluation and identifying the Hazard identification also involves characterizing 
substances present at the site that are the focus of the nature and strength of the evidence of causation. 
the risk assessment process.  (Chapters 4 and 5 The second step, dose-response evaluation, is the 
address data collection and evaluation.) process of quantitatively evaluating the toxicity 

information and characterizing  the relationship 
An exposure assessment is conducted to between the dose of the contaminant administered 

estimate the magnitude of actual and/or potential or received and the incidence of adverse health 
human exposures, the frequency and duration of effects in the exposed population.  From this 
these exposures, and the pathways by which quantitative dose-response relationship, toxicity 
humans are potentially exposed. In the exposure values are derived that can be used to estimate the 
assessment, reasonable maximum estimates of incidence of adverse effects occurring in humans at 
exposure are developed for both current and future different exposure levels.  (Chapter 7 addresses 
land-use assumptions.  Current exposure estimates toxicity assessment.) 
are used to determine whether a threat exists based 
on existing exposure conditions at the site.  Future 
exposure estimates are used to provide decision-
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The risk characterization summarizes and 
combines outputs of the exposure and toxicity 
assessments to  characterize baseline risk,  both   in 
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quantitative expressions and qualitative statements. 
During  risk  characterization,   chemical-specific 
toxicity information is compared against both 
measured contaminant exposure levels and  those 
levels predicted through fate and transport modeling 
to determine whether current or future levels at or 
near the site are of potential concern.  (Chapter 8 
addresses risk characterization.) 

The level of effort required to conduct a 
baseline risk assessment depends largely on the 
complexity of the site.  In situations where the 
results of the baseline risk assessment indicate that 
the site poses little or no threat to human health or 
the environment and that no further (or limited) 
action will be necessary, the FS should be scaled-
down as appropriate. 

The documents developed during site 
characterization include a brief preliminary site 
characterization summary and the draft RI report, 
which includes either the complete baseline risk 
assessment report or a summary of it.  The 
preliminary site characterization summary may be 
used to assist in identification of ARARs and may 
provide the Agency for Toxic Substances and 
Disease Registry (ATSDR) with the data necessary 
to prepare its health assessment (different from 
baseline risk assessment or other EPA human health 
evaluation activities; see Chapter 2).  The draft RI 
report is prepared after the completion of the 
baseline risk assessment, often along with the draft 
FS report. 

1.1.3 FEASIBILITY STUDY 

The purpose of the feasibility  study is to provide 
the decision-maker with an assessment of remedial 
alternatives, including their relative strengths and 
weaknesses, and the trade-offs in selecting one 
alternative over another.  The FS process involves 
developing a reasonable range of alternatives and 
analyzing these alternatives in detail using nine 
evaluation criteria.  Because the RI and FS are 
conducted concurrently, this development and 
analysis of alternatives is an interactive process in 
which potential alternatives and remediation goals 
are continually refined as additional information 
from the RI becomes available. 

Establishing protective remedial action 
objectives. The first step in the FS process 
involves developing remedial action objectives that 
address contaminants and media of concern, 
potential exposure pathways, and preliminary 
remediation goals.  Under the proposed revised 
NCP and the interim RI/FS guidance, preliminary 
remediation goals typically are formulated first 
during project scoping or concurrent with initial RI 
activities (i.e., prior to completion of the baseline 
risk assessment).  The preliminary remediation 
goals are therefore based initially on readily 
available chemical-specific ARARs (e.g., maximum 
contaminant levels (MCLs) for drinking water). 
Preliminary remediation goals for individual 
substances are refined or confirmed at the 
conclusion of the baseline risk assessment (Part B 
of this manual addresses the refinement of 
preliminary remediation goals).  These refined 
preliminary remediation goals are based both on 
risk assessment and on chemical-specific ARARs. 
Thus, they are intended to be protective and to 
comply with ARARs.  The analytical approach used 
to develop these refined goals involves: 

identifying chemical-specific ARARs; � 

�	 identifying levels based on risk 
assessment where chemical-specific 
ARARs are not available or situations 
where multiple contaminants or multiple 
exposure pathways make ARARs not 
protective; 

identifying non-substance-specific goals 
for exposure pathways (if necessary); 
and 

� 

�	 determining a refined preliminary 
remediation goal that is protective of 
human health for all substance/exposure 
pathway combinations being addressed. 

Development and screening of alternatives. 
Once remedial action objectives have been 
developed, general response actions, such as 
treatment, containment, excavation, pumping, or 
other actions that may be taken to satisfy those 
objectives should be developed.  In the process of 
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developing alternatives for remedial action at a site, 
two important activities take place. First, volumes 
or areas of waste or environmental media that need 
to be addressed by the remedial action are 
determined by information on the nature and extent 
of contamination, ARARs, chemical-specific 
environmental fate and toxicity information, and 
engineering analyses.  Second, the remedial action 
alternatives and associated technologies are 
screened to identify those that would be effective 
for the contaminants and media of interest at the 
site.  The information developed in these two 
activities is used in assembling technologies into 
alternatives for the site as a whole or for a specific 
operable unit. 

The Superfund program has long permitted 
remedial actions to be staged through multiple 
operable units.  Operable units are discrete actions 
that comprise incremental steps toward the final 
remedy.  Operable units may be actions that 
completely address a geographical portion of a site 
or a specific site problem (e.g., drums and tanks, 
contaminated ground water) or the entire site. 
Operable units include interim actions (e.g., 
pumping and treating of ground water to retard 
plume migration) that must be followed by 
subsequent actions to fully address the scope of the 
problem (e.g., final ground-water operable unit that 
defines the remediation goals and restoration 
timeframe).  Such operable units may be taken in 
response to a pressing problem that will worsen if 
unaddressed, or because there is an opportunity to 
undertake a limited action that will achieve 
significant risk reduction quickly. The 
appropriateness of dividing remedial actions into 
operable units is determined by considering the 
interrelationship of site problems and the need or 
desire to initiate actions quickly.  To the degree that 
site problems are interrelated, it may be most 
appropriate to address the problems together. 
However, where problems are reasonably 
separable, phased responses implemented through a 
sequence of operable units may promote more rapid 
risk reduction. 

In situations where numerous potential remedial 
alternatives are initially developed, it may be 
necessary to screen the alternatives to narrow the 
list to be evaluated in detail.  Such screening aids in 

streamlining the feasibility study while ensuring 
that the most promising alternatives are being 
considered. 

Detailed analysis of alternatives. During the 
detailed analysis, each alternative is assessed 
against specific evaluation criteria and the results of 
this assessment arrayed such that comparisons 
between alternatives can be made and key trade-
offs identified.  Nine evaluation criteria, some of 
which are related to human health evaluation and 
risk, have been developed to address statutory 
requirements as well as additional technical and 
policy considerations that have proven to be 
important for selecting among remedial alternatives. 
These evaluation criteria, which are identified and 
discussed in the interim final RI/FS guidance, serve 
as the basis for conducting the detailed analyses 
during the FS and for subsequently selecting an 
appropriate remedial action.  The nine evaluation 
criteria are as follows: 

(1) 

(2) 

overall protection of human hea
the environment; 
compliance with ARARs (unless 
applicable); 

lth and 

waiver 

(3) long-term
permanence; 

 effectiveness and 

(4) reduction of toxicity, mobili
volume through the use of treat

ty, or 
ment; 

(5) short-term effectiveness; 

(6) implementability; 

(7) cost; 

(8) state acceptance; and 

(9) community acceptance. 

Risk information is required at the detailed analysis 
stage of the RI/FS so that each alternative can be 
evaluated in relation to the relevant NCP remedy 
selection criteria. 
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The detailed analysis must, according to the health evaluation. The remainder of the manual is 
proposed NCP, include an evaluation of each organized by the three parts of the human health 
alternative against the nine criteria.  The first two evaluation process: 
criteria (i.e., overall protectiveness and compliance 
with ARARs) are threshold determinations and the baseline risk assessment is covered � 
must be met before a remedy can be selected. in Part A of the manual (Chapters 4 
Evaluation of the overall protectiveness of an through 10); 
alternative during the RI/FS should focus on how a 
specific alternative achieves protection over time refinement of preliminary remediation � 
and how site risks are reduced.	 goals is covered in Part B of the manual 

(not included as part of this interim final 
The next five criteria (numbers 3 through 7) are version); and 

primary balancing criteria.  The last two (numbers 
8 and 9) are considered modifying criteria, and risk � the risk evaluation of remedial 
information does not play a direct role in the alternatives is covered in Part C of the 
analysis of them.  Of the five primary balancing manual (not included as part of this 
criteria, risk information is of particular importance interim final version). 
in the analysis of effectiveness and permanence. 
Analysisof long-termeffectiveness and permanence Chapters 4 through 8 provide detailed technical 
involves an evaluation of the results of a remedial guidance for conducting the steps of a baseline risk 
action in terms of residual risk at the site after assessment, and Chapter 9 provides documentation 
response objectives have been met.  A primary and review guidelines. Chapter 10 contains 
focus of this evaluation is the effectiveness of the additional guidance specific to baseline risk 
controls that will be applied to manage risk posed assessment for sites contaminated with 
by treatment residuals and/or any untreated wastes radionuclides.  Sample calculations, sample table 
that may be left on the site, as well as the volume formats, and references to other guidance are 
and nature of that material.  It should also consider provided throughout the manual.  All material is 
the potential impacts on human health and the presented both in technical terms and in simpler 
environment should the remedy fail.  An evaluation text. It should be stressed that the manual is 
of short-term effectiveness addresses the impacts of intended to be comprehensive and to provide 
the alternative during the construction and guidance for more situations than usually are 
implementation phase until remedial response relevant to any single site.  Risk assessors need not 
objectives will be met. Under this criterion, use those parts of the manual that do not apply to 
alternatives should be evaluated with respect to the their site. 
potential effects on human health and the 
environment during implementation of the remedial Each chapter in Part A includes a glossary of 
action and the length of time until protection is acronyms and definitions of commonly used terms. 
achieved. The manual also includes two appendices: 

Appendix A provides technical guidance for making 
absorption adjustments and Appendix B is an index. 

1.2	 OVERALL ORGANIZATION OF 
THE MANUAL 

The next two chapters present additional 
background material for the human health 
evaluation process.  Chapter 2 discusses statutes, 
regulations, guidance, and studies relevant to the 
Superfund human health evaluation.  Chapter 3 
discusses issues related to planning for the human 
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ENDNOTES FOR CHAPTER 1


1. References made to CERCLA throughout this document should be interpreted as meaning "CERCLA, as amended by the Superfund 
Amendments and Reauthorization Act of 1986 (SARA)." 

2. 40 CFR Part 300. Proposed revisions to the NCP were published on December 21, 1988 (53 Federal Register 51394). 

3. The term "public health evaluation" was introduced in the previous risk assessment guidance (EPA 1986f) to describe the assessment 
of chemical releases from a site and the analysis of public health threats resulting from those releases, and Superfund site risk assessment 
studies often are referred to as public health evaluations, or PHEs.  The term "PHE" should be replaced by whichever of the three parts 
of the revised human health evaluation process is appropriate:  "baseline risk assessment," "documentation of preliminary remediation 
goals," or "risk evaluation of remedial alternatives." 

4. Baseline risks are risks that might exist if no remediation or institutional controls were applied at a site. 

5. Volume II of the Risk Assessment Guidance for Superfund is the Environmental Evaluation Manual (EPA 1989b), which provides 
guidance for the analysis of potential environmental (i.e., not human health) effects at sites. 
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CHAPTER 2


STATUTES, REGULATIONS,

GUIDANCE, AND


STUDIES RELEVANT TO

THE HUMAN HEALTH


 EVALUATION


This chapter briefly describes the statutes, evaluation.  In addition, Section 2.2 identifies and 
regulations, guidance, and studies related to the briefly describes other Superfund studies related to, 
human health evaluation process.  The descriptions and sometimes confused with, the RI/FS human 
focus on aspects of these documents most relevant to health evaluation.  The types of studies discussed 
human health evaluations and show how recent are: 
revisions to the documents bear upon the human 
health evaluation process.  Section 2.1 describes the endangerment assessments; � 
following documents that govern the human health 
evaluation: � ATSDR health assessments; and 

�	 the Comprehensive Environmental � ATSDR health studies. 
Response, Compensation,  and Liability 
Act of 1980 (CERCLA, or Superfund) and 
the Superfund Amendments and 2.1 STATUTES, REGULATIONS, AND 
Reauthorization Act of 1986 (SARA); GUIDANCE GOVERNING HUMAN 

HEALTH EVALUATION 
�	 the National Oil and Hazardous 

Substances Pollution Contingency Plan This section describes the major Superfund 
(National Contingency Plan, or NCP); laws and program documents relevant to the human 

health evaluation process. 
�	 Guidance for Conducting Remedial


Investigations and Feasibility  Studies 2.1.1 CERCLA AND SARA

Under CERCLA (RI/FS guidance);


In 1980, Congress enacted the 
�	 CERCLA Compliance with Other Laws Comprehensive Environmental Response, 

Manual (ARARs guidance); and Compensation, and Liability  Act (CERCLA) (42 
U.S.C. 9601 et seq.), commonly called Superfund, in 

�	 Superfund Exposure Assessment Manual response to the dangers posed by sudden or 
(SEAM).	 otherwise uncontrolled releases of hazardous 

substances,  pollutants,  or contaminants into the 
Exhibit 2-1 shows the relationship of these statutes, 
regulations, and guidances governing human health 



Page 2-2




 

Page 2-3 

environment.  CERCLA authorized $1.6 billio n over � the need to assess the use of alternative 
five years for  a comprehensive  program  to clean treatment technologies or resource 
up the worst abandoned or inactive waste sites in the recovery technologies and use them to the 
nation.  CERCLA funds used to establish and maximum extent practicable. 
administer the cleanup program are derived primarily 
from taxes on crude oil and 42 different commercial Section 121(c) of CERCLA requires a periodic 
chemicals. review of remedial actions, at least every five years 

after initiation, for as long as hazardous substances, 
The reauthorization of CERCLA is known as pollutants, or contaminants that may pose a threat to 

the Superfund Amendments and Reauthorization Act human health or the environment remain at the site. 
(SARA), and was signed by the President on October If during a five-year review it is determined that the 
17, 1986. (Al l further references to CERCLA in this action no longer protects human health and the 
appendix should be interpreted as "CERCLA as environment, further remedial actions will need to be 
amended by SARA.")  These amendments provided considered. 
$8.5 billion for the cleanup program and an 
additional $500 million for cleanup of leaks from Section 121(d)(2)(A) of CERCLA incorporates 
underground storage tanks. Under SARA, Congress into law the CERCLA Compliance Policy, which 
strengthened EPA's mandate to focus on permanent specifies that Superfund remedial actions meet any 
cleanups at Superfund sites, involve the public in federal standards, requirements, criteria, or 
decision processes at sites, and encourage states and limitations that are determined to be legally 
federally recognized Indian tribes to actively applicable or relevant and appropriate requirements 
participate as partners with EPA to address these (i.e., ARARs). Also included is the new provision 
sites. SARA expanded EPA's research, development that state ARARs must be met if they are more 
(especially in the area of alternative technologies), stringent than federal requirements.  (Section 2.1.4 
and training responsibilities. SARA also provides more detail on ARARs.) 
strengthened EPA's enforcement authority.  The 
changes to CERCLA sections 104 (Response Health-related authori ties.  Under CERCLA 
Authorities) and 121 (Cleanup Standards) have the section 104(i)(6), the Agency for Toxic Substances 
greatest impact on the RI/FS process. and Disease Registry (ATSDR) is required to 

conduct a health assessment for every site included 
Cleanup standards. Section 121 (Cleanup or proposed for inclusion on the National Priorities 

Standards) states a strong preference for remedies List.  The ATSDR health assessment, which is fairly 
that are highly reliable and provide long-term quali tative in nature, should be distinguished from 
protection. In addition to the requirement for the EPA human health evaluation, which is more 
remedies to be both protective of human health and quantitative. CERCLA section 104(i)(5)(F) states 
the environment and cost-effective,  other remedy that: 
selection considerations in section 121(b) include: 

the	 term "health assessments" shall include 
�	 a preference for remedial actions that preliminary assessments of the potential risk to 

employ (as a principal element of the human health posed by individual sites and 
action) treatment that permanently and facilit ies, based on such factors as the nature and 
significantly reduces the volume, toxicity, extent of contamination, the existence of potential 
or mobility of hazardous substances, pathways of human exposure (including ground or 
pollutants, and contaminants; surface water contamination, air emissions, and 

food chain contamination), the size and potential 
�	 offsite transport and disposal without susceptibility   of the community within the likely 

treatment as the least favored alternative pathways of exposure, the comparison of expected 
where practicable treatment technologies human exposure levels to the short-term and long-
are available; and term health effects associated with identified 

hazardous substances and any available 
recommended exposure or tolerance limits for 
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such hazardous substances, and the comparison 
of existing morbidity and mortality data on 
diseases that may be associated with the observed 
levels of exposure.  The Administrator of ATSDR 
shall use appropriate data, risk assessments, risk 
evaluations and studies available from the 
Administrator of EPA. 

There are purposeful differences between an 
ATSDR health assessment and traditional risk 
assessment.  The health assessment is usually 
qualitative, site-specific, and focuses on medical and 
public health perspectives.  Exposures to site 
contaminants are discussed in terms of especially 
sensitive populations, mechanisms of toxic chemical 
action, and possible disease outcomes.  Risk 
assessment, the framework of the EPA human health 
evaluation, is a characterization of the probability  of 
adverse effects from human exposures to 
environmental hazards.  In this context, risk 
assessments differ from health assessments in that 
they are quantitative, chemical-oriented 
characterizations that use statistical and biological 
models to calculate numerical estimates of risk to 
health.  However, both health assessments and risk 
assessments use data from human epidemiological 
investigations, when available, and when human 
toxicological data are unavailable, rely on the results 
of animal toxicology studies. 

2.1.2	 NATIONAL CONTINGENCY PLAN 
(NCP) 

The National Contingency Plan provides the 
organizational structure and procedures for preparing 
for and responding to discharges of oil and releases 
of hazardous substances, pollutants, and 
contaminants.  The NCP is required by section 105 
of CERCLA and by section 311 of the Clean Water 
Act.  The current NCP (EPA 1985) was published on 
November 20, 1985, and a significantly revised 
version (EPA 1988a) was proposed December 21, 
1988 in response to SARA.  The proposed NCP is 
organized into the following subparts: 

� Subpart A -- Introduction 

�	 Subpart B -- Responsibility and 
Organization for Response 

� Subpart C -- Planning and Preparedness 

�	 Subpart D -- Operational Response 
Phases for Oil Removal 

�	 Subpart E -- Hazardous Substance 
Response 

�	 Subpart F -- State Involvement in 
Hazardous Substance Response 

�	 Subpart G -- Trustees for Natural 
Resources 

�	 Subpart H -- Participation by Other 
Persons 

�	 Subpart I -- Administrative Record for 
Selection of Response Action 

� Subpart J -- Use of Dispersants and Other 
Chemicals 

Subpart E, Hazardous Substance Response, 
contains a detailed plan covering the entire range of 
authorized activities involved in abating and 
remedying releases or threats of releases of 
hazardous substances, pollutants, and contaminants. 
It contains provisions for both removal and remedial 
response.  The remedial response process set forth by 
the proposed NCP is a seven-step process, as 
described below.  Risk information plays a role in 
each step. 

Site discovery or  notif ication.  Releases of 
hazardous substances, pollutants, or contaminants 
identified by federal, state, or local government 
agencies or private parties are reported to the 
National Response Center or EPA.  Upon discovery, 
such potential sites are screened to identify release 
situations warranting further remedial response 
consideration.  These sites are entered into the 
CERCLA Information System (CERCLIS).  This 
computerized system serves as a data base of site 
information and tracks the change in status of a site 
through the response process.  Risk information is 
used to determine which substances are hazardous 
and, in some cases, the quantities that constitute a 
release that must be reported (i.e., a reportable 
quantity, or RQ, under CERCLA section 103(a)). 

Preliminary assessment and site inspection 
(PA/SI ).  The preliminary assessment involves 
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collection and review of all available information 
and may include offsite reconnaissance to evaluate 
the source and nature of hazardous substances 
present and to identify the responsible party(ies). At 
the conclusion of the preliminary assessment, a site 
may be referred for further action, or a determination 
may be made that no further action is needed.  Site 
inspections, which follow the preliminary assessment 
for sites needing further action, routinely include the 
collection of samples and are conducted to help 
determine the extent of the problem and to obtain 
information needed to determine whether a removal 
action is warranted.  If, based on the site inspection, 
it appears likely that the site should be considered for 
inclusion on the National Priorities List (NPL), a 
listing site inspection (LSI) is conducted.  The LSI is 
a more extensive investigation than the SI, and a 
main objective of the LSI is to collect sufficient data 
about a site to support Hazard Ranking System 
(HRS) scoring.  One of the main objectives of the 
PA/SI is to collect risk-related information for sites 
so that the site can be scored using the HRS and 
priorities may be set for more detailed studies, such 
as the RI/FS. 

Establishing pr iori ties for remedial action. 
Sites are scored using the HRS, based on data from 
the PA/SI/LSI.  The HRS scoring process is the 
primary mechanism for determining the sites to be 
included on the NPL and, therefore, the sites eligible 
for Superfund-financed remedial action.  The HRS is 
a numerical scoring model that is based on many of 
the factors affecting risk at a site.  A revised version 
of the HRS (EPA 1988b) was proposed December 
23, 1988. 

Remedial investigation/feasibility  study 
(RI/FS).  As described in Section 1.1, the RI/FS is 
the framework for determining appropriate remedial 
actions at Superfund sites.  Although RI/FS activities 
technically are removal actions and therefore not 
restricted to sites on the NPL (see sections 101(23) 
and 104(b) of CERCLA), they most frequently are 
undertaken at NPL sites.  Remedial investigations are 
conducted to characterize the contamination at the 
site and to obtain information needed to identify, 
evaluate, and select cleanup alternatives.  The 
feasibility  study includes an analysis of alternatives 
based on the nine NCP evaluation criteria.  The 
human health evaluation described in this manual, 
and the environmental evaluation described 

elsewhere, are the guidance for developing risk 
information in the RI/FS. 

Selection of remedy.  The primary consideration 
in selecting a remedy is that it be protective of 
human health and the environment, by eliminating, 
reducing, or controlling risks posed through each 
pathway.  Thus, the risk information developed in 
the RI/FS is a key input to remedy selection.  The 
results of the RI/FS are reviewed to identify a 
preferred alternative, which is announced to the 
public in a Proposed Plan.  Next, the lead agency 
reviews any resulting public comments on the 
Proposed Plan, consults with the support agencies to 
evaluate whether the preferred alternative is still the 
most appropriate, and then makes a final decision. 
A record of decision (ROD) is written to document 
the rationale for the selected remedy. 

Remedial design/remedial action.  The detailed 
design of the selected remedial action is developed 
and then implemented.  The risk information 
developed previously in the RI/FS helps refine the 
remediation goals that the remedy will attain. 

Five-year review.  Section 121(c) of CERCLA 
requires a periodic review of remedial actions, at 
least every five years after initiation of such action, 
for as long as hazardous substances, pollutants, or 
contaminants that may pose a threat to human health 
or the environment remain at the site.  If it is 
determined during a five-year review that the action 
no longer protects human health and the 
environment, further remedial actions will need to be 
considered. 

Exhibit 2-2 diagrams the general steps of the 
Superfund remedial process, indicating where in the 
process the various parts of the human health 
evaluation are conducted. 

2.1.3	 REMEDIAL INVES TIGATION/ 
FEASIBILITY S TUDY GUIDANCE 

EPA's interim final Guidance for Conducting 
Remedial Investigations and Feasibility  Studies 
Under CERCLA (EPA 1988c) provides a detailed 
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structure for conducting field studies to support Recovery Act (RCRA), Clean Water Act (CWA), 
remedial decisions and for identifying, evaluating, Safe Drinking Water Act (SDWA), Clean Air Act 
and selecting remedial action alternatives under (CAA), and other federal and state environmental 
CERCLA.   This  1988 guidance document is a laws, as required by CERCLA section 121. Part I of 
revision of two separate guidances for remedial the manual discusses the overall procedures for 
investigations and for feasibility  studies published in identifying ARARs and provides guidance on the 
1985. These guidances have been consolidated into interpretation and analysis of RCRA requirements. 
a single document and revised to: Specifically: 

� reflect new emphasis and provisions of � Chapter 1 defines "applicable" and 
SARA; "relevant and appropriate," provides 

matrices listing potential chemical-
�	 incorporate aspects of new or revised specific, location-specific, and action-

guidance related to RI/FSs;	 specific requirements from RCRA, CWA, 
and SDWA, and provides general 

�	 incorporate management initiatives procedures for identify ing and analyzing 
designed to streamline the RI/FS process; requirements; 
and 

� Chapter 2 discusses special issues of 
� reflect experience gained from previous interpretation and analysis involving 

RI/FS projects. RCRA requirements, and provides 
guidance on when RCRA requirements 

The RI/FS consists of the following general steps:	 will be ARARs for CERCLA remedial 
actions; 

� project scoping (during the RI); 
�	 Chapter 3 provides guidance for 

� site characterization (RI);	 compliance with CWA substantive (for 
onsite and offsite actions) and 

�	 establishment of remedial action objectives administrative (for offsite actions) 
(FS);	 requirements for direct discharges, indirect 

discharges, and dredge and fill activities; 
� development and screening of alternatives 

(FS); and � Chapter 4 provides guidance for 
compliance with requirements of the 

� detailed analysis of alternatives (FS).	 SDWA that may be applicable or relevant 
and appropriate to CERCLA sites; and 

Because Section 1.1 describes each of these steps, 
focusing on the role that risk information plays in the � Chapter 5 provides guidance on 
RI/FS, a discussion of the steps is not repeated here. consistency with policies for ground-water 
The RI/FS guidance provides the context into which protection. 
the human health evaluation fits and should be used 
in conjunction with this manual. The manual also contains a hypothetical scenario 

illustrating how ARARs are identified and used, and 
2.1.4 	 ARARS GUIDANCE an appendix summarizing the provisions of RCRA, 

CWA, and SDWA. 
The interim final CERCLA Compliance with 

Other Laws Manual (EPA 1988d; EPA 1989a), or Part II of the ARARs guidance covers the Clean 
ARARs guidance, was developed to assist in the Air Act, other federal statutes, and state 
selection of onsite remedial actions that meet the requirements. Specifically: 
applicable or relevant and appropriate requirements 
(ARARs) of the Resource Conservation and 
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�	 Chapter 1 provides an introduction to Part II outlined in the manual.  This process considers all 
of the guidance, and also includes extensive contaminant releases and exposure routes and 
summary tables; assures that an adequate level of analytical detail is 

applied to support the human health risk assessment 
�	 Chapter 2 describes Clean Air Act process. 

requirements and related RCRA and state 
requirements; The exposure assessment process described in the 

Superfund Exposure Assessment Manual is 
� Chapters 3 and 4 provide guidance for structured in five segments: 

compliance with several other federal 
statutes; (1) analysis of contaminant releases from a 

subject site into environmental media; 
� Chapter 5 discusses potential ARARs for 

sites contaminated with radioactive (2) evaluation of the transport and environmental 
substances; fate of the contaminants released; 

�	 Chapter 6 addresses requirements specific (3) identif ication, enumeration, and 
to mining, milling, or smelting sites; and	 characterization of potentially exposed 

populations; 
� Chapter 7 provides guidance on identifying 

and complying with state ARARs. (4) integrated exposure analysis; and 

2.1.5	 SUPERFUND EXPOSURE (5) uncertainty analysis. 
ASSESSMENT MANUAL 

Two recent publications from EPA's Office of 
The Superfund Exposure Assessment Manual Research and Development, the Exposure Factors 

(EPA 1988e), which was developed by the Handbook (EPA 1989b) and the Exposure 
Superfund program specifically as a companion Assessment Methods Handbook (EPA 1989c), 
document to the original Superfund Public Health provide useful information to supplement the 
Evaluation Manual (EPA 1986), provides RPMs and Superfund Exposure Assessment Manual. All three 
regional risk assessors with the guidance necessary of these key exposure assessment references should 
to conduct exposure assessments that meet the needs be used in conjunction with Chapter 6 of this 
of the Superfund human health risk evaluation manual. 
process. Specifically, the manual: 

2.2 RELATED SUPERFUND STUDIES 
�	 provides an overall description of the 

integrated exposure assessment as it is This section identifies and briefly describes other 
applied to uncontrolled hazardous waste Superfund studies related to, and sometimes 
sites; and confused with, the RI/FS human health evaluation. 

It contrasts the objectives and methods and clarifies 
� serves as a source of reference concerning the relationships of these other studies with RI/FS 

the use of estimation procedures and health risk assessments.  The types of studies 
computer modeling techniques for the discussed are endangerment assessments, ATSDR 
analysis of uncontrolled sites. health assessments, and ATSDR health studies. 

The analytical process outlined in the Superfund 2.2.1 ENDANGERMENT ASSESSMENTS 
Exposure Assessment Manual provides a framework 
for the assessment of exposure to contaminants at or Before taking enforcement action against parties 
migrating from uncontrolled hazardous waste sites. responsible for a hazardous waste site, EPA must 
The application of both monitoring and modeling determine that an imminent and substantial 
procedures to the exposure assessment process is endangerment to public health or the environment 
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exists as a result of the site.  Such a legal evaluations is basic to the legal determination of 
determination is called an endangerment assessment. endangerment. 
For remedial sites, the process for analyzing whether 
there may be an endangerment is described in this In 1985, EPA produced a draft manual specifically 
Human Health Evaluation Manual and its companion written for endangerment assessment, the 
Environmental Evaluation Manual.  In the past, an Endangerment Assessment Handbook. EPA has 
endangerment assessment often was prepared as a determined that a guidance separate from the Risk 
study separate from the baseline risk assessment. Assessment Guidance for Superfund (Human Health 
With the passage of SARA and changes in Agency Evaluation Manual and Environmental Evaluation 
practice, the need to perform a detailed Manual) is not required for endangerment 
endangerment assessment as a separate effort from assessment; therefore, the Endangerment Assessment 
the baseline risk assessment has been eliminated. Handbook will not be made final and should no 

longer be used. 
For administrative orders requiring a remedial 

design or remedial action, endangerment assessment 2.2.2 ATSDR HEALTH ASSESSMENTS 
determinations are now based on information 
developed in the site baseline risk assessment. CERCLA section 104(i), as amended, requires the 
Elements included in the baseline risk assessment Agency for Toxic Substances and Disease Registry 
conducted at a Superfund site during the RI/FS (ATSDR) to conduct health assessments for all sites 
process fully satisfy the informational requirements listed or proposed to be listed on the NPL.  A health 
of the endangerment assessment.  These elements assessment includes a preliminary assessment of the 
include the following: potential threats that individual sites and facilities 

pose to human health.  The health assessment is 
�	 identification of the hazardous wastes or required to be completed "to the maximum extent 

hazardous substances present in practicable" before completion of the RI/FS. 
environmental media; ATSDR personnel, state personnel (through 

cooperative agreements), or contractors follow six 
�	 assessment of exposure, including a basic steps, which are based on the same general risk 

characterization of the environmental fate assessment framework as the EPA human health 
and transport mechanisms for the hazardous evaluation: 
wastes and substances present, and of 
exposure pathways; (1) evaluate information on the site's physical, 

geographical, historical, and operational 
� assessment of the toxicity of the hazardous setting, assess the demographics of nearby 

wastes or substances present;	 populations, and identify health concerns of 
the affected community(ies); 

�	 characterization of human health risks; and 
(2)	 determine contaminants of concern 

�	 characterization of the impacts and/or risks associated with the site;

to the environment.


(3)	 identify and evaluate environmental 
The human health and environmental evaluations pathways; 

that are part of the RI/FS are conducted for purposes 
of determining the baseline risks posed by the site, (4) identify and evaluate human exposure 
and for ensuring that the selected remedy will be pathways; 
protective of human health and the environment. 
The endangerment assessment is used to support (5) identify and evaluate public health 
litigation by determining that an imminent and implications based on available medical and 
substantial endangerment exists.  Information toxicological information; and 
presented in the human health and environmental 
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(6)	 develop conclusions concerning the health assessments may lead to pilot health effects studies, 
threat posed by the site and make epidemiologic studies, or establishment of exposure 
recommendations regarding further public or disease registries. 
health activities. 

EPA's Guidance for Coordinating ATSDR Health 
The purpose of the ATSDR health assessment is Assessment Activities with the Superfund Remedial 

to assist in the evaluation of data and information on Process (EPA 1987) provides information to EPA 
the release of toxic substances into the environment and ATSDR managers for use in coordinating human 
in order to assess any current or future impact on health evaluation activities. (Section 2.1, in its 
public health, develop health advisories or other discussion of CERCLA, provides further information 
health-related recommendations, and identify studies on the statutory basis of ATSDR health 
or actions needed to evaluate and prevent human assessments.) 
health effects.  Health assessments are intended to 
help public health and regulatory officials determine 2.2.3 ATSDR HEALTH S TUDIES 
if actions should be taken to reduce human exposure 
to hazardous substances and to recommend whether After conducting a health assessment, ATSDR 
additional information on human exposure and may determine that additional health effects 
associated risks is needed. Health assessments also information is needed at a site and, as a result, may 
are written for the benefit of the informed undertake a pilot study, a full-scale epidemiological 
community associated with a site, which could study, or a disease registry.  Three types of pilot 
include citizen groups, local leaders, and health studies are predominant: 
professionals. 

(1)	 a symptom/disease prevalence study 
Several important differences exist between EPA consisting of a measurement of self -reported 

human health evaluations  and ATSDR health disease occurrence, which may be validated 
assessments.  EPA human health evaluations include through medical records if they are available; 
quantitative, substance-specific estimates of the risk 
that a site poses to human health.  These estimates (2) a human exposure study consisting of 
depend on statistical and biological models that use biological sampling of persons who have a 
data from human epidemiologic investigations and potentially high likelihood of exposure to 
animal toxicity studies.  The information generated determine if actual exposure can be verified; 
from a human health evaluation is used in risk and 
management decisions to establish cleanup levels 
and select a remedial alternative. (3) a cluster investigation study consisting of an 

investigation of putative disease clusters to 
ATSDR health assessments, although they may determine if the cases of a disease are 

employ quantitative data, are more qualitative in excessively high in the concerned 
nature.  They focus not only on the possible health community. 
threats posed by chemical contaminants attributable 
to a site, but consider all health threats, both A full -scale epidemiological study is an analytic 
chemical and physical, to which residents near a site investigation that evaluates the possible causal 
may be subjected.  Health assessments focus on the relationships between exposure to hazardous 
medical and public health concerns associated with substances and disease outcome by testing a 
exposures at a site and discuss especially sensitive scientific hypothesis. Such an epidemiological study 
populations, toxic mechanisms, and possible disease is usually not undertaken unless a pilot study reveals 
outcomes.  EPA considers the information in a health widespread exposure or increased prevalence of 
assessment along with the results of the baseline risk disease. 
assessment to give a complete picture of health 
threats. Local health professionals and residents use ATSDR, in cooperation with the states, also may 
the information to understand the potential health choose to follow up the results of a health 
threats posed by specific waste sites.  Health assessment by establishing and maintaining national 
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registries of persons exposed to hazardous 
substances and persons with serious diseases or 
illness.  A registry is a system for collecting and 
maintaining, in a structured record, information on 
specific persons from a defined population.  The 
purpose of a registry of persons exposed to 
hazardous substances is to facilitate development of 
new scientific knowledge through identification and 
subsequent follow-up of persons exposed to a 
defined substance at selected sites. 

Besides identifying and tracking of exposed 
persons, a registry also is used to coordinate the 
clinical and research activities that involve the 
registrants.  Registries serve an important role in 
assuring the uniformity and quality of the collected 
data and ensuring that data collection is not 
duplicative, thereby reducing the overall burden to 
exposed or potentially exposed persons. 
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CHAPTER 3


GETTING STARTED: PLANNING

FOR THE HUMAN HEALTH

EVALUATION IN THE RI/FS


This chapter discusses issues related to planning streamlined approach recognizes that the elimination 
the human health evaluation conducted during the of all uncertainties is not possible or necessary and 
RI/FS. It presents the goals of the RI/FS process as instead strives only for sufficient data to generally 
a whole and the human health evaluation in characterize a site and support remedy selection. 
particular (Sections 3.1 and 3.2).  It next discusses The resulting remedies are flexible and incorporate 
the way in which a site that is divided into operable specific contingencies to respond to new information 
units should be treated in the human health discovered during remedial action and follow-up. 
evaluation (Section 3.3).  RI/FS scoping is discussed 
in Section 3.4, and Section 3.5 addresses the level of 3.2 GOAL OF THE RI/FS HUMAN 
effort and detail necessary for a human health HEALTH EVALUATION 
evaluation. 

As part of the effort to streamline the 
3.1	 GOAL OF THE RI/FS process and reduce the cost and time required to 

conduct the RI/FS, the Superfund human health 
The goal of the RI/FS is to gather evaluation needs to focus on providing information 

information sufficient to support an informed risk necessary to justify action at a site and to select the 
management decision regarding which remedy best remedy for the site.  This should include 
appears to be most appropriate for a given site.  The characterizing the contaminants, the potential 
RI/FS provides the context for all site exposures, and the potentially exposed population 
characterization activity, including the human health sufficiently to determine what risks need to be 
evaluation.  To attain this goal efficiently, EPA must reduced or eliminated and what exposures need to be 
identify and characterize hazards in a way that will prevented.  It is important to recognize that 
contribute directly to the selection of an appropriate information should be developed only to help EPA 
remedy. Program experience has shown that determine what actions are necessary to reduce risks, 
Superfund sites are complex, and are characterized and not to fully characterize site risks or eliminate all 
by heterogeneous wastes, extreme variability  in uncertainty from the analysis. 
contamination levels, and a variety of environmental 
settings and potential exposure pathways. In a logical extension of this view, EPA has 
Consequently, complete characterization of a site made a policy decision to use, wherever appropriate, 
during the RI/FS, in the sense of eliminating standardized assumptions, equations, and values in 
uncertainty, is not feasible, cost-effective, or the human health evaluation to achieve the goal of 
necessary for selection of appropriate remedies. This streamlined assessment.  This approach has the 
view has motivated the "streamlined approach" EPA added benefit of making human health evaluation 
is taking to help accomplish the goal of completing easier to review, easier to understand, and more 
an RI/FS in 18 months at a cost of $750,000 per consistent from site to site. Developing unique 
operable unit and $1.1 million per site.  The exposure assumptions or non-standard methods of 
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risk assessment should not be necessary for most Planning the human health evaluation prior 
sites.  Where justified by site-specific data or by to beginning the detailed analysis is an essential step 
changes in knowledge over time, however, non- in the process.  The RPM must make up-front 
standard methods and assumptions may be used. decisions about, for example, the scope of the 

baseline risk assessment, the appropriate level of 
3.3 	 OPERABLE UNITS detail and documentation, trade-offs between depth 

and breadth in the analysis, and the staff and 
Current practice in designing remedies for monetary resources to commit. 

Superfund sites often divides sites into operable units 
that address discrete aspects of the site (e.g., source Scoping is the initial planning phase of the 
control, ground-water remediation) or different RI/FS process, and many of the planning steps begun 
geographic portions of the site.  The NCP defines here are continued and refined in later phases. 
operable unit as "a discrete action that comprises an Scoping activities typically begin with the collection 
incremental step toward comprehensively addressing of existing site data, including data from previous 
site problems."  RI/FSs may be conducted for the investigations such as the preliminary assessment 
entire site and operable units broken out during or and site inspection.  On the basis of this information, 
after the feasibility  study, or operable units may be site management planning is undertaken to identify 
treated individually from the start, with focused probable boundaries of the study area, to identify 
RI/FSs conducted for each operable unit.  The best likely remedial action objectives and whether interim 
way to address the risks of the operable unit will actions may be necessary or appropriate, and to 
depend on the needs of the site. establish whether the site may best be remedied as 

one site or as several separate operable units.  Once 
The human health evaluation should focus an overall management strategy is agreed upon, the 

on the subject of the RI/FS, whether that is an RI/FS for a specific project or the site as a whole is 
operable unit or the site as a whole.  The baseline planned. 
risk assessment and other risk information gathered 
will provide the justification for taking the action for The development of remedial alternatives 
the operable unit.  At the same time, personnel usually begins during or soon after scoping, when 
involved in conducting the human health evaluation likely response scenarios may first be identified.  The 
for a focused RI/FS must be mindful of other development of alternatives requires: 
potential exposure pathways, and other actions that 
are being contemplated for the site to address other identifying remedial action objectives; � 
potential exposures.  Risk analysts should foresee 
that exposure pathways outside the scope of the identify ing potential treatment, resource � 
focused RI/FS may ultimately be combined with recovery, and containment technologies 
exposure pathways that are directly addressed by the that will satisfy these objectives; and 
focused RI/FS.  Considering risks from all related 
operable units should prevent the unexpected � screening the technologies based on their 
discovery of high  multiple pathway risks during the effectiveness, implementability , and cost. 
human health evaluation for the last operable unit. 
Consider, for example, a site that will be addressed Remedial alternatives may be developed to address 
in two operable units:  a surface soil cleanup at the a contaminated medium, a specific area of the site, or 
contamination source and a separate ground-water the entire site.  Al ternative remedial actions for 
cleanup.  Risks associated with residuals from the specific media and site areas either can be carried 
soil cleanup and the ground-water cleanup may need through the FS process separately or combined into 
to be considered as a cumulative total if there is the comprehensive alternatives for the entire site. The 
potential for exposure to both media at the same approach is flexible to allow alternatives to be 
time. considered in combination at various points in the 

process.  The RI/FS guidance discusses planning in 
3.4 RI/FS SCOPING	 greater detail. 
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3.5	 LEVEL OF EFFORT/LEVEL OF This manual is written to address the most 
DETAIL OF THE HUMAN HEALTH complex sites, and as a result not all of the steps and 
EVALUATION procedures of the Superfund human health 

evaluation process described in this manual apply to 
An important part of scoping is determining all remedial sites. For example, Section 6.6 provides 

the appropriate level of effort/level of detail procedures and equations for estimating chemical 
necessary for the human health evaluation.  Human intakes through numerous exposure routes, although 
health evaluation can be thought of as spanning a for many sites, much of this information will not 
continuum of complexity, detail, and level of effort, apply (e.g., the exposure route does not exist or is 
just as sites vary in conditions and complexity. determined to be relatively unimportant). This 
Some of the site-specific factors affecting level of manual establishes a generic framework that is 
effort that the RPM must consider include the broadly applicable across sites, and it provides 
following: specific procedures that cover a range of sites or 

situations that may or may not be appropriate for any 
� number and identity of chemicals present;	 individual site.  As a consequence of attempting to 

cover the wide variety of Superfund site conditions, 
�	 availability of ARARs and/or applicable some of the process components, steps, and 

toxicity data;	 techniques described in the manual do not apply to 
some sites.  In addition, most of the components can 

�	 number and complexity of exposure vary greatly in level of detail.  Obviously, 
pathways (including complexity of determining which elements of the process are 
release sources and transport media), and necessary, which are desirable, and which are 
the need for environmental fate and extraneous is a key decision for each site.  Al l 
transport modeling to supplement components should not be forced into the assess-
monitoring data; ment of a site, and the evaluation should be limited 

to the complexity and level of detail necessary to 
� necessity for precision of the results, adequately assess risks for the purposes described in 

which in turn depends on site conditions Sections 3.1 and 3.2. 
such as the extent of contaminant 
migration, characteristics of potentially Planning related to the collection and analysis 
exposed populations, and enforcement of chemical data is perhaps the most important 
considerations (additional quantification planning step.  Early coordination among the risk 
may be warranted for some enforcement assessors, the remainder of the RI/FS team, 
sites); and representatives of other agencies involved in the risk 

assessment or related studies (e.g., ATSDR, natural 
�	 quality and quantity of available resource trustees such as the Department of the 

monitoring data. 1 Interior, state agencies), and the RPM is essential 
and preferably should occur during the scoping stage 
of the RI/FS.  Detailed guidance on planning related 
to collection and analysis of chemical data is given 
in Chapter 4 of this manual. 
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ENDNOTE FOR CHAPTER 3 

1. All site monitoring data must be subjected to appropriate quality assurance/quality control programs.  Lack of acceptable data may limit by necessity 
the amount of data available for the human health evaluation, and therefore may limit the scope of the evaluation.  Acceptability is determined by whether 
data meet the appropriate data quality objectives (see Section 4.1.2). 





CHAPTER 4


DATA COLLECTION

This chapter discusses procedures for 

acquiring reliable chemical release and exposure 
data for quantitative human health risk assessment 
at hazardous waste sites.1 The chapter is intended 
to be a limited discussion of important sampling 
considerations with respect to risk assessment; it is 
not intended to be a complete guide on how to 
collect data or design sampling plans. 

Following a general background section 
(Section 4.1), this chapter addresses the following 
eight important areas: 

(1)	 review of available site information 
(Section 4.2); 

(2)	 consideration of modeling parameter 
needs (Section 4.3); 

(3)	 definition of background sampling 
needs (Section 4.4); 

(4)	 preliminary identification of potential 
human exposure (Section 4.5); 

(5)	 development of an overall strategy for 
sample collection (Section 4.6); 

(6)	 definition of required QA/QC measures 
(Section 4.7); 

(7)	 evaluation of the need for Special 
Analytical Services (Section 4.8); and 

(8)	 activities during workplan development 
and data collection (Section 4.9). 

4.1	 BACKGROUND INFORMATION 
USEFUL FOR DATA 
COLLECTION 

This section provides background 
information on the types of data needed for risk 
assessment, overall data needs of the RI/FS, 
reasons and steps for identifying risk assessment 
data needs early, use of the Data Quality 
Objectives for Remedial Response Activities (EPA 
1987a,b, hereafter referred to as the DQO 
guidance), and other data concerns. 

4.1.1 TYPES OF DATA

   In general, the types of site data needed for a 
baseline risk assessment include the following: 

contaminant identities; 

ACRONYMS FOR CHAPTER 4 

CLP = Contract Laboratory Program 
DQO = Data Quality Objectives 
FIT = Field Investigation Team 
FSP = Field Sampling Plan 
HRS = Hazard Ranking System 
IDL = Instrument Detection Limit 
MDL = Method Detection Limit 
PA/SI = Preliminary Assessment/Site Inspection 
QA/QC = Quality Assurance/Quality Control 
QAPjP = Quality Assurance Project Plan 
RAS = Routine Analytical Services 
RI/FS = Remedial Investigation/Feasibility Study 
SAP = Sampling and Analysis Plan 
SAS = Special Analytical Services 
SMO = Sample Management Office 
SOW = Statement of Work 
TAL = Target Analyte List 
TCL = Target Compound List 
TIC = Tentatively Identified Compound 
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DEFINITIONS FOR CHAPTER 4 

Analytes.  The chemicals for which a sample is analyzed. 

Anthropogenic Background Levels. Concentrations of chemicals that are present in the environment due to human-made, non-site sources 
(e.g., industry, automobiles). 

Contract Laboratory Program (CLP). Analytical program developed for Superfund waste site samples to fil l the need for legally defensible 
analytical results supported by a high level of quality assurance and documentation. 

Data Quality Objectives (DQOs).  Qualitative and quantitative statements to ensure that data of known and documented quality are obtained 
during an RI/FS to support an Agency decision. 

Field Sampling Plan (FSP).  Provides guidance for all field work by defining in detail the sampling and data gathering methods to be used 
on a project. 

Naturally Occurring Background Levels.  Ambient concentrations of chemicals that are present in the environment and have not been 
influenced by humans (e.g., aluminum, manganese). 

Quality Assurance Project Plan (QAPjP). Describes the policy, organization, functional activities, and quality assurance and quality control 
protocols necessary to achieve DQOs dictated by the intended use of the data (RI/FS Guidance). 

Routine Analytical Services (RAS).  The set of CLP analytical protocols that are used to analyze most Superfund site samples.  These 
protocols are provided in the EPA Statements of Work for the CLP (SOW for Inorganics, SOW for Organics) and must be followed by every 
CLP laboratory. 

Sampling and Analysis Plan (SAP).  Consists of a Quality Assurance Project Plan (QAPjP) and a Field Sampling Plan (FSP). 

Sample Management Office (SMO).  EPA contractor providing management, operational, and administrative support to the CLP to facilitate 
optimal use of the program. 

Special Analytical Services (SAS).  Non-standardized analyses conducted under the CLP to meet user requirements that cannot be met using 
RAS, such as shorter analytical turnaround time, lower detection limits, and analysis of non-standard matrices or non-TCL compounds. 

Statement of Work (SOW) for the CLP. A document that specifies the instrumentation, sample handling procedures, analytical parameters 
and procedures, required quantitation limits, quality control requirements, and report format to be used by CLP laboratories. The SOW also 
contains the TAL and TCL. 

Target Analyte List (TAL).  Developed by EPA for Superfund site sample analyses.  The TAL is a list of 23 metals plus total cyanide 
routinely analyzed using RAS. 

Target Compound List (TCL). Developed by EPA for Superfund site sample analyses.  The TCL is a list of analytes (34 volatile organic 
chemicals, 65 semivolatile organic chemicals, 19 pesticides, 7 polychlorinated biphenyls, 23 metals, and total cyanide) routinely analyzed 
using RAS. 

� contaminant concentrations in the key Most of these data are obtained during the 
sources and media of interest; 2 course of a remedial investigation/feasibility  study 

(RI/FS).  Other sources of information, such as 
�	 characteristics of sources, especially preliminary assessment/site inspection (PA/SI) 

information related to release potential; reports, also may be available. 
and 4.1.2 DATA NEEDS AND THE RI/FS 

�	 characteristics of the environmental The RI/FS has four primary data collection 
setting that may affect the fate, transport, components: 
and persistence of the contaminants. (1) characterization of site conditions; 

(2)	 determination of the nature of the wastes; 
(3)	 risk assessment; and 
(4)	 treatability  testing. 
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The site and waste characterization components of and Feasibility  Studies Under CERCLA (EPA 
the RI/FS are intended to determine characteristics 1988a, hereafter referred to as RI/FS guidance), the 
of the site (e.g., ground-water movement, surface scoping meeting is part of the initial planning 
water and soil characteristics) and the nature and phase of site remediation.  It is at this meeting that 
extent of contamination through sampling and the data needs of each of the RI/FS components 
analysis of sources and potentially contaminated (e.g., site and waste characterization) are addressed 
media. Quantitative risk assessment, like site together.  Scoping meeting attendees include the 
characterization, requires data on concentrations of RPM, contractors conducting the RI/FS (including 
contaminants in each of the source areas and media the baseline risk assessment), onsite personnel 
of concern.  Risk assessment also requires (e.g., for construction), and natural resource 
information on other variables necessary for trustees (e.g., Department of Interior).  The scoping 
evaluating the fate, transport, and persistence of meeting allows development of a comprehensive 
contaminants and estimating current and potential sampling and analysis plan (SAP) that will satisfy 
human exposure to these contaminants. Additional the needs of each RI/FS component while helping 
data might be required for environmental risk to ensure that time and budget constraints are met. 
assessments (see EPA 1989a). Thus, in addition to aiding the effort to meet the 

risk assessment data needs, this meeting can help 
Data also are collected during the RI/FS to integrate these needs with other objectives of the 

support the design of remedial alternatives. As RI/FS and thereby help make maximum use of 
discussed in the DQO guidance (EPA 1987a,b), available resources and avoid duplication of effort. 
such data include results of analyses of 
contaminated media "before and after" bench-scale During scoping activities, the risk assessor 
treatability  tests.  This information usually is not should identify, at least in preliminary fashion, the 
appropriate for use in a baseline risk assessment type and duration of possible exposures (e.g., 
because these media typically are assessed only for chronic, intermittent), potential exposure routes 
a few individual parameters potentially affected by (e.g., ingestion of fish, ingestion of drinking water, 
the treatment being tested. Also, initial treatability inhalation of dust), and key exposure points (e.g., 
testing may involve only a screening analysis that municipal wells, recreation areas) for each 
generally is not sensitive enough and does not have medium. The relative importance of the potential 
suffic ient quality assurance/quality control exposure routes and exposure points in determining 
(QA/QC) procedures for use in quantitative risk risks should be discussed, as should the 
assessment. consequences of not studying them adequately. 

Section 4.5 and Chapter 6 provide guidance for 
4.1.3 EARLY IDENTIFICATION OF identifying exposure pathways that may exist at 

DATA NEEDS hazardous waste sites.  If potential exposure 
pathways are identified early in the RI/FS process, 

Because the RI/FS and other site studies serve it will be easier to reach a decision on the number, 
a number of different purposes (e.g., site and waste type, and location of samples needed to assess 
characterization, design of remedial alternatives), exposure. 
only a subset of this information generally is useful 
for risk assessment.  To ensure that all risk During the planning stages of the RI/FS, the 
assessment data needs will be met, it is important risk assessor also should determine if non-routine 
to identify those needs early in the RI/FS planning (i.e., lower) quantitation limits are needed to 
for a site. The earlier the requirements are adequately characterize risks at a site.  Special 
identified, the better the chances are of developing Analytical Services (SAS) of the EPA Contract 
an RI/FS that meets the risk assessment data Laboratory Program (CLP) may be needed to 
collection needs. achieve such lower quantitation limits.  (See 

Section 4.8 for additional information concerning 
One of the earliest stages of the RI/FS at quantitation limits.) 

which risk assessment data needs can be addressed 
is the site scoping meeting.  As discussed in the 
Guidance for Conducting Remedial Investigations 
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4.1.4	 USE OF THE DATA QUALITY 
OBJECTIVES (DQO) 
GUIDANCE 

The DQO guidance (EPA 1987a,b) provides 
information on the review of site data and the 
determination of data quality needs for sampling 
(see the box below). 

OVERVIEW OF DQ O GUIDANCE 

According to the DQO guidance (EPA 1987a and b), 
DQO are qualitative and quantitative statements 
established prior to data collection, which specify the 
quality of the data required to support Agency decisions 
during remedial response activities.  The DQO for a 
particular site vary according to the end use of the data 
(i.e., whether the data are collected to support preliminary 
assessments/site inspections, remedial 
investigations/feasibil ity studies, remedial designs, or 
remedial actions). 

The DQO process consists of three stages.  In Stage 1 
(Identify Decision Types), all available site information is 
compiled and analyzed in order to develop a conceptual 
model of the site that describes suspected sources, 
contaminant pathways, and potential receptors.  The 
outcome of Stage 1 is a definition of the objectives of the 
site investigation and an identification of data gaps.  Stage 
2 (Identify Data Uses/Needs) involves specifying the data 
necessary to meet the objectives set in Stage 1, selecting 
the sampling approaches and the analytical options for the 
site, and evaluating multiple-option approaches to allow 
more timely or cost-effective data collection and 
evaluation.  In Stage 3 (Design Data Collection Program), 
the methods to be used to obtain data of acceptable quality 
are specified in such products as the SAP or the workplan. 

Use of this guidance will help ensure that all 
environmental data collected in support of RI/FS 
activities are of known and documented quality. 

4.1.5	 OTHER DATA CONCERNS 

The simple existence of a data collection plan 
does not guarantee usable data.  The risk assessor 
should plan an active role in oversight of data 
collection to ensure that relevant data have been 
obtained.  (See Section 4.9 for more information 
on the active role that the risk assessor must play.) 

After data have been collected, they 
should be carefully reviewed to identify reliable, 
accurate, and verifiable numbers that can be used 
to quantify risks.  All analytical data must be 

evaluated to identify the chemicals of potential 
concern (i.e., those to be carried through the risk 
assessment).  Chapter 5 discusses the criteria to be 
considered in selecting the subset of chemical data 
appropriate for baseline risk assessment.  Data that 
do not meet the criteria are not included in the 
quantitative risk assessment; they can be discussed 
qualitatively in the risk assessment report, however, 
or may be the basis for further investigation. 

4.2	 REVIEW OF  AVAILABLE S ITE 
INFORMATION 

Available site information must be reviewed 
to (1) determine basic site characteristics, (2) 
initially identify potential exposure pathways and 
exposure points, and (3) help determine data needs 
(including modeling needs).  Al l available site 
information (i.e., information existing at the start of 
the RI/FS) should be reviewed in accordance with 
Stage 1 of the DQO process.  Sources of available 
site information include: 

�	 RI/FS scoping information; 

�	 PA/SI data and Hazard Ranking System 
(HRS) documentation; 

�	 listing site inspection (LSI) data (formally 
referred to as expanded site inspection, or 
ESI); 

�	 photographs (e.g., EPA's Environmental 
Photographic Interpretation Center [EPIC]); 

�	 records on removal actions taken at the site; 
and 

�	 information on amounts of hazardous 
substances disposed (e.g., from site records). 

If available, LSI (or ESI) data are especially useful 
because they represent fairly extensive site studies. 

Based on a review of the existing data, the risk 
assessor should formulate a conceptual model of 
the site that identifies all potential or suspected 
sources of contamination, types and concentrations 
of contaminants detected at the site, potentially 
contaminated media, and potential exposure 
pathways, including receptors (see Exhibit 4-1).  As 
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discussed previously, identification of potential Some model parameters are needed only if 
exposure pathways, especially the exposure points, the sampling conducted at a site is sufficient to 
is a key element in the determination of data needs support complex models. Such model parameters 
for the risk assessment. Details concerning may not be necessary if only simple fate and 
development of a conceptual model for a site are transport models are used in the risk assessment. 
provided in the DQO guidance (EPA 1987a,b) and 
the RI/FS guidance (EPA 1988a). 

4.4 DEFINING BACKGROUND 
In most cases, site information available at SAMPLING NEEDS 

the start of the RI/FS is insuffic ient to fully 
characterize the site and the potential exposure Background sampling is conducted to distinguish 
pathways.  The conceptual model developed at this site-related contamination from naturally occurring 
stage should be adequate to determine the or other non-site-related levels of chemicals.  The 
remaining data needs.  The remainder of this following subsections define the types of 
chapter addresses risk assessment data needs in background contamination and provide guidance on 
detail. the appropriate location and number of background 

samples. 

4.3 ADDRESSING MODELING	 4.4.1 TYPES OF BACKGROUND 
PARAMETER NEEDS 

There are two different types of background levels 
As discussed in detail in Chapter 6, of chemicals: 

contaminant release, transport, and fate models are 
often needed to supplement monitoring data when (1) naturally occurring levels, which are ambient 
estimating exposure concentrations.  Therefore, a concentrations of chemicals present in the 
preliminary site modeling strategy should be environment that have not been influenced by 
developed during RI/FS scoping to allow model humans (e.g., aluminum, manganese); and 
input data requirements to be incorporated into the 
data collection requirements.  This preliminary (2) anthropogenic levels, which are 
identification of models and other related data concentrations of chemicals that are present 
requirements will ensure that data for model in the environment due to human-made, non-
calibration and validation are collected along with site sources (e.g., industry, automobiles). 
other physical and chemical data at the site. 
Exhibit 4-2 lists (by medium) several site-specific Background can range from localized to ubiquitous. 
parameters often needed to incorporate fate and For example, pesticides -- most of which are not 
transport models in risk assessments. naturally occurring (anthropogenic) --  may  be 

ubiquitous  in  certain  areas (e.g., agricultural 
Al though default values for some modeling areas); salt runoff from roads during periods of 

parameters are available, it is preferable to obtain snow may contribute high ubiquitous levels of 
site-specific values for as many input parameters sodium. Polycyclic aromatic hydrocarbons (PAHs) 
as is feasible.  If the model is not sensitive to a and lead are other examples of anthropogenic, 
particular parameter for which a default value is ubiquitous chemicals, although these chemicals 
available, then a default value may be used. also may be present at naturally occurring levels in 
Similarly, default values may be used if obtaining the environment due to natural sources (e.g., forest 
the site-specific model parameter would be too fires may be a source of PAHs, and lead is a natural 
time consuming or expensive.  For example, component of soils in some areas). 
certain airborne dust emission models use a default 
value for the average wind speed at the site; this is 
done because representative measurements of 
wind speed at the site would involve significant 
amounts of time (i.e., samples would have to be 
collected over a large part of the year). 
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4.4.2	 BACKGROUND SAMPLING 
LOCATIONS 

Background samples are collected at or near 
the hazardous waste site in areas not influenced by 
site contamination.  They are collected from each 
medium of concern in these offsite areas.  That is, 
the locations of background samples must be areas 
that could not have received contamination from 
the site, but that do have the same basic 
characteristics as the medium of concern at the site. 

Identifying background location requires 
knowing which direction is upgradient/upwind/ 
upstream.  In general, the direction of water flow 
tends to be relatively constant, whereas the 
direction of air flow is constantly changing. 
Therefore, the determination of background 
locations for air monitoring requires constant and 
concurrent monitoring of factors such as wind 
direction. 

4.4.3	 BACKGROUND SAMPLE SIZE 

In appropriate circumstances, statistics may be 
used to evaluate background sample data. Because 
the number of background samples collected is 
important for statistical hypothesis testing, at some 
sites a statistician should be consulted when 
determining background sample size.  At all sites, 
the RPM should decide the level of statistical 
analysis applicable to a particular situation. 

Often, rigorous statistical analyses are 
unnecessary because site- and non-site-related 
contamination clearly differ.  For most sites, the 
issue will not be whether a difference in chemical 
concentrations can be demonstrated between 
contaminated and background areas, but rather that 
of establishing a reliable representation of the 
extent (in three dimensions) of a contaminated 
area. However, statistical analyses are required at 
some sites, making a basic understanding of 
statistics necessary. The following discussion 
outlines some basic statistical concepts in the 
context of background data evaluation for risk 
assessment.  (A general statistics textbook should 
be reviewed for additional detail.  Also, the box 
below lists EPA guidance that might be useful.) 

STATISTICAL M ETHODS GUIDANCE 

Statistical Methods for Evaluating Ground-
water Monitoring Data from Hazardous Waste 
Facilities (EPA 1988b) 

Surface Impoundment Clean Closure 
Guidance Manual (EPA 1988c) 

Love Canal Emergency Declaration Area 
Habitability Study (EPA 1988d) 

Soils Sampling Quality Assurance Guide (EPA 
1989b) 

A statistical test of a hypothesis is a rule used 
for deciding whether or not a statement (i.e., the 
null hypothesis) should be rejected in favor of a 
specified alternative statement (i.e., the alternative 
hypothesis).  In the context of background 
contamination at hazardous waste sites, the null 
hypothesis can be expressed as "there is no 
difference between contaminant concentrations in 
background areas and onsite," and the alternative 
hypothesis can be expressed as "concentrations are 
higher onsite." This expression of the alternative 
hypothesis implies a one-tailed test of significance. 

The number of background samples collected 
at a site should be sufficient to accept or reject the 
null hypothesis with a specified likelihood of error. 
In statistical hypothesis testing there are two types 
of error. The null hypothesis may be rejected when 
it is true (i.e., a Type I error), or not rejected when 
it is false (i.e., a Type II error).  An example of a 
Type I error at a hazardous waste site would be to 
conclude that contaminant concentrations in onsite 
soil are higher than background soil concentrations 
when in fact they are not. The corresponding Type 
II error would be to conclude that onsite 
contaminant concentrations are not higher than 
background concentrations when in fact they are. 
A Type I error could result in unnecessary 
remediation, while a Type II error could result in a 
failure to clean up a site when such an action is 
necessary. 
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In customary notations, � (alpha) denotes the 4.4.4 COMPARING BACKGROUND 
probability  that a Type I error will occur, and � SAMPLES TO SITE-RELATED 
(beta) denotes the probability  that a Type II error CONTAMINATION 
will occur.  Most statistical comparisons refer to �, 
also known as the level of significance of the test. The medium sampled influences the kind of 
If � = 0.05, there is a 5 percent (i.e., 1 in 20) statistical comparisons that can be made with 
chance that we will conclude that concentrations of background data.  For example, air monitoring 
contaminants are higher than background when stations and ground-water wells are normally 
they actually are not. positioned based on onsite factors and gradient 

considerations. Because of this purposive 
Equally critical considerations in determining placement (see Section 4.6.1), several wells or 

the number of background samples are � and a monitors cannot be assumed to be a random 
concept called "power." The power of a statistical sample from a single population and hence cannot 
test has the value 1 - � and is defined as the be evaluated collectively (i.e., the sampling results 
likelihood that the test procedure detects a false cannot be combined). Therefore, the information 
null hypothesis.  Power functions for commonly from each well or air monitor should be compared 
used statistical tests can be found in most general individually with background. 
statistical textbooks.  Power curves are a function 
of � (which normally is fixed at 0.05), sample size Because there typically are many site-related, 
(i.e., the number of background and/or onsite media-specific sampling location data to compare 
samples), and the amount of variability in the data. with background, there usually is a "multiple 
Thus, if a 15 percent likelihood of failing to detect comparison problem" that must be addressed.  In 
a false null hypothesis is desired (i.e., � = 0.15), general, the probability  of experiencing a Type I 
enough background samples must be collected to error in the entire set of statistical tests increases 
ensure that the power of the test is at least 0.85. with the number of comparisons being made.  If � 

= 0.05, there is a 1 in 20 chance of a Type I error in 
A small number of background samples any single test.  If 20 comparisons are being made, 

increases the likelihood of a Type II error.  If an it therefore is likely that at least one Type I error 
insufficient number of background samples is will occur among all 20 tests.  Statistical Analysis 
collected, fairly large differences between site and of Ground-water Monitoring Data at RCRA 
background concentrations may not be statistically Facilities (EPA 1989c) is useful for designing 
significant, even though concentrations in the many sampling plans for comparing information from 
site samples are higher than the few background many fixed locations with background. 
samples.  To guard against this situation, the 
statistical power associated with the comparison of It may be useful at times to look at 
background samples with site samples should be comparisons other than onsite versus background. 
evaluated. For example, upgradient wells can be compared 

with downgradient wells.  Also, there may be 
In general, when trying to detect small several areas within the site that should be 

differences as statistically significant, the number compared for differences in site-related 
of background samples should be similar to the contaminant concentration. These areas of concern 
number of onsite samples that will be used for the should be established before sampling takes place. 
comparison(s) (e.g., the number of samples taken If a more complicated comparison scheme is 
from one well).  (Note that this does not mean that planned, a statistician should be consulted 
the background sample size must equal the total frequently to help distribute the sampling effort and 
number of onsite samples.)  Due to the inherent design the analysis. 
variability  of air concentrations (see Section 4.6), 
background sample size for air needs to be 
relatively large. 
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A statistically significant difference between 
background samples and site-related contamination 
should not, by itself, trigger a cleanup action.  The 
remainder of this manual still must be applied so 
that the toxicological -- rather than simply the 
statistical -- significance of the contamination can 
be ascertained. 

4.5 PRELIMINARY 
IDENTIF ICATION OF 
POTENTIAL HUMAN 
EXPOSURE 

A preliminary identification of potential 
human exposure provides much needed 
information for the SAP.  This activity involves the 
identification of (1) media of concern, (2) areas of 
concern (i.e., general locations of the media to be 

3sampled),  (3) types of chemicals expected at the
site, and (4) potential routes of contaminant 
transport through the environment (e.g., inter-
media transfer, food chain).  This section provides 
general information on the preliminary 
identification of potential human exposure 
pathways, as well as specific information on the 
various media. (Also, see Chapter 6 for a detailed 
discussion of exposure assessment.) 

4.5.1 GENERAL INFORMATION 

Prior to discussing various specific exposure 
media, general information on the following is 
provided:  media, types of chemicals, areas of 
concern, and routes of contaminant transport is 
addressed. 

Media of concern (including biota).  For risk 
assessment purposes, media of concern at a site 
are: 

�	 any currently contaminated media to 
which individuals may be exposed or 
through which chemicals may be 
transported to potential receptors; and 

� any currently uncontaminated media that 
may become contaminated in the future 
due to contaminant transport. 

Several medium-specific factors in sampling may 
influence the risk assessment.  For example, 

limitations in sampling the medium may limit the 
detailed evaluation of exposure pathways described 
in Chapter 6.  To illustrate this, if soil samples are 
not collected at the surface of a site, then it may not 
be possible to accurately evaluate potential 
exposures involving direct contact with soils or 
exposures involving the release of contaminants 
from soils via wind erosion (with subsequent 
inhalation of airborne contaminants by exposed 
individuals).  Therefore, based on the conceptual 
model of the site discussed previously, the risk 
assessor should make sure that appropriate samples 
are collected from each medium of concern. 

Areas of concern.  Areas of concern refer to the 
general sampling locations at or near the site.  For 
large sites, areas of concern may be treated in the 
RI/FS as "operable units," and may include several 
media.  Areas of concern also can be thought of as 
the locations of potentially exposed populations 
(e.g., nearest residents) or biota (e.g., wildlife 
feeding areas). 

Areas of concern should be identified based on 
site-specific characteristics.  These areas are 
chosen purposively by the investigators during the 
initial scoping meeting.  Areas of concern should 
include areas of the site that: 

(1)	 have different chemical types; 

(2)	 have different anticipated concentrations or 
hot spots; 

(3)	 are a release source of concern; 

(4)	 dif fer from each other in terms of the 
anticipated spatial or temporal variability  of 
contamination; 

(5)	 must be sampled using different equipment; 
and/or 

(6)	 are more or less costly to sample. 

In some instances, the risk assessor may want to 
estimate concentrations that are representative of 
the site as a whole, in addition to each area of 
concern.  In these cases, two conditions generally 
should be met in defining areas of concern:  (1) the 
boundaries of the areas of concern should not 
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overlap and (2) all of the areas of concern together 
should account for the entire area of the site. 

Depending on the exposure pathways that are 
being evaluated in the risk assessment, it may not 
be necessary to determine site-wide representative 
values.  In this case, areas of concern do not have 
to account for the entire area of the site. 

Types of chemicals.  The types of chemicals 
expected at a hazardous waste site may dictate the 
site areas and media sampled.  For example, certain 
chemicals (e.g., dioxins) that bioconcentrate in 
aquatic life also are likely to be present in the 
sediments.  If such chemicals are expected at a 
particular site and humans are expected to ingest 
aquatic life, sampling of sediments and aquatic lif e 
for the chemicals may be particularly important. 

Due to differences in the relative toxicities of 
different species of the same chemical (e.g., Cr+3 

versus Cr+6), the species should be noted when 
possible. 

Routes of contaminant transport .  In  
addition to medium-specific concerns, there may 
be several potential current and future routes of 
contaminant transport within a medium and 
between media at a site.  For instance, discharge of 
ground water or surface runoff to surface water 
could occur.  Therefore, when possible, samples 
should be collected based on routes of potential 
transport.  For cases in which contamination has 
not yet reached points of human exposure but may 
be transported to those areas in the future, 
sampling between the contaminant source and the 
exposure locations should be conducted to help 
evaluate potential future concentrations to which 
individuals may be exposed (e.g., through 
modeling).  (See Chapter 6 for additional 
discussion on contaminant transport.) 

4.5.2 SOIL 

Soil represents a medium of direct contact 
exposure and often is the main source of 
contaminants released into other media.  As such, 
the number, location, and type of samples collected 
from soils will have a significant effect on the risk 
assessment.  See the box on this page for guidance 
that provides additional detailed information 
concerning soil sampling, including information on 

sampling locations, general soil and vegetation 
conditions, and sampling equipment, strategies, 
and techniques.  In addition to the general 
sampling considerations discussed previously, the 
following specific issues related to soil sampling 
are discussed below:  the heterogeneous nature of 
soils, designation of hot spots, depth of samples, 
and fate and transport properties. 

SOIL SAM PLING  GUIDANCE 

Test Methods for Evaluating Solid Waste (SW-
846):  Physical/Chemical Methods (EPA 
1986a) 

Field Manual for Grid Sampling of PCB Spill 
Sites to Verify Cleanups (EPA 1986b) 

A Compendium of Superfund Field Operations 
Methods (EPA 1987c) 

Soil Sampling Quality Assurance Guide (EPA 
Review Draft 1989b) 

Heterogeneous nature of soils.  One of the 
largest problems in sampling soil (or other solid 
materials) is that its generally heterogeneous nature 
makes collection of representative samples diffi cult 
(and compositing of samples virtually impossible --
see Section 4.6.3).  Therefore, a large number of 
soil samples may be required to obtain sufficient 
data to calculate an exposure concentration. 
Composite samples sometimes are collected to 
obtain a more homogeneous sample of a particular 
area; however, as discussed in a later section, 
compositing samples also serves to mask 
contaminant hot spots (as well as areas of low 
contaminant concentration). 

Designation of hot spots.  Hot spots (i.e., 
areas of very high contaminant concentrations) 
may have a significant impact on direct contact 
exposures. The sampling plan should consider 
characterization of hot spots through extensive 
sampling, field screening, visual observations, or a 
combination of the above. 
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Depth of samples.  Sample depth should be 
applicable for the exposure pathways and 
contaminant transport routes of concern and 
should be chosen purposively within that depth 
interval.  If a depth interval is chosen purposively, 
a random procedure to select a sampling point may 
be established.  Assessment of surface exposures 
will be more certain if samples are collected from 
the shallowest depth that can be practically 
obtained, rather than, for example, zero to two 
feet.  Subsurface soil samples are important, 
however, if soil disturbance is likely or if leaching 
of chemicals to ground water is of concern, or if 
the site has current or potential agricultural uses. 

Fate and transport  properties.  The  
sampling plan should consider physical and 
chemical characteristics of soil that are important 
for evaluating fate and transport.  For example, 
soil samples being collected to identify potential 
sources of ground-water contamination must be 
able to support models that estimate both 
quantities of chemicals leaching to ground water 
and the time needed for chemicals to leach to and 
within the ground water. 

4.5.3 GROUND WATER 

Considerable expense and effort normally are 
required for the installation and development of 
monitoring wells and the collection of ground-
water samples.  Wells must not introduce foreign 
materials and must provide a representative 
hydraulic connection to the geologic formations of 
interest.  In addition, ground-water samples need 
to be collected using an approach that adequately 
defines the contaminant plume with respect to 
potential exposure points.  Existing potential 
exposure points (e.g., existing drinking water 
wells) should be sampled. 

More detailed information concerning 
ground-water sampling considerations (e.g., 
sampling equipment, types, and techniques) can be 
found in the references in the box on this page. In 
addition to the general sampling considerations 
discussed previously in Section 4.5.1, those 
specific for ground water -- hydrogeologic 
properties, well location and depth, and filtered vs. 
unfiltered samples -- are discussed below. 

GROUND-WATER SAM PLING

 GUIDANCE


Practical Guide to Ground-water Sampling 
(EPA 1985a) 

A Compendium of Superfund Field Operations 
Methods (EPA 1987c) 

Handbook: Ground Water (EPA 1987d) 

Statistical Methods for Evaluating Ground 
Water from Hazardous Waste Facilities (EPA 
1988b) 

Guidance on Remedial Actions for 
Contaminated Ground Water at Superfund Sites 
(EPA 1988e) 

Ground-water Sampling for Metals Analyses 
(EPA 1989d) 

Hydrogeologic properties.  The extent to 
which the hydrogeologic properties (e.g., hydraulic 
conductivity, porosity, bulk density, fraction 
organic carbon, productivity) of the aquifer(s) are 
characterized may have a significant effect on the 
risk assessment.  The ability  to estimate future 
exposure concentrations depends on the extent to 
which hydrogeologic properties needed to evaluate 
contaminant migration are quantified.  Repetitive 
sampling of wells is necessary to obtain samples 
that are unaffected by drillin g and well development 
and that accurately reflect hydrogeologic properties 
of the aquifer(s). 

Well location and depth.  The location of 
wells should be such that both the horizontal and 
vertical extent of contamination can be 
characterized.  Separate water-bearing zones may 
have different aquifer classifications and uses and 
therefore may need to be evaluated separately in the 
risk assessment.  In addition, sinking or floating 
layers of contamination may be present at different 
depths of the wells. 

Filtered vs. unfiltered samples. Data from 
filtered and unfiltered ground-water samples are 
useful for evaluating chemical migration in ground 
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water, because comparison of chemical 
concentrations in unfiltered versus filtered samples 
can provide important information on the form in 
which a chemical exists in ground water.  For 
instance, if the concentration of a chemical is 
much greater in unfiltered samples compared to 
filtered samples, it is likely that the majority of the 
chemical is sorbed onto particulate matter and not 
dissolved in the ground water.  This information 
on the form of chemical (i.e., dissolved or 
suspended on particulate matter) is important to 
understanding chemical mobility within the 
aquifer. 

If chemical analysis reveals significantly 
different concentrations in the filtered and 
unfiltered samples, try to determine whether there 
is a high concentration of suspended particles or if 
apparently high concentrations are due to sampling 
or well construction artifacts. Supplementary 
samples can be collected in a manner that will 
minimize the influence of these artifacts.  In 
addition, consider the effects of the following. 

�	 Filter size. A 0.45 um filter may screen 
out some potentially mobile particulates 
to which contaminants are absorbed and 
thus under-represent contaminant 
concentrations. (Recent research 
suggests that a 1.0 um may be a more 
appropriate filter size.) 

�	 Pumping velocity. Pumping at too high 
a rate will entrain particulates (to which 
contaminants are absorbed) that would 
not normally be mobile; this could 
o ve r e s ti ma te  c o n ta mi na n t  
concentrations. 

�	 Sample oxidation. After contact with 
air, many metals oxidize and form 
insoluble compounds that may be 
filtered out; this may underestimate 
inorganic chemical concentrations. 

�	 Well construction materials. Corrosion 
may elevate some metal concentrations 
even in stainless steel wells. 

If unfiltered water is of potable quality, data 
from unfiltered water samples should be used to 
estimate exposure (see Chapter 6).  The RPM 

should ultimately decide the type of samples that 
are collected.  If only one type of sample is 
collected (e.g., unfiltered), justification for not 
collecting the other type of sample (e.g., filtered) 
should be provided in the sampling plan. 

4.5.4	 SURFACE WATER AND 
SEDIMENT 

Samples need to be collected from any nearby 
surface water body potentially receiving discharge 
from the site.  Samples are needed at a sufficient 
number of sampling points to characterize exposure 
pathways, and at potential discharge points to the 
water body to determine if the site (or some other 
source) is contributing to surface water/sediment 
contamination.  Some important considerations for 
surface water/sediment sampling that may affect the 
risk assessment for various types and portions of 
water bodies (i.e., lotic waters, lentic waters, 
estuaries, sediments) are discussed below. More 
detailed information concerning surface water and 
sediment sampling, such as selecting sampling 
locations and sampling equipment, types, and 
techniques, is provided in the references given in 
the references given in the box below. 

SURFACE WATER AND SEDIM ENT

SAMPLING  GUIDANCE


Procedures for Handling and Chemical 
Analysis of Sediment and Water Samples (EPA 
and COE 1981) 

Sediment Sampling Quality Assurance User's 
Guide (EPA 1984) 

Methods Manual for Bottom Sediment Sample 
Collection (EPA 1985b) 

A Compendium of Superfund Field Operations 
Methods (EPA 1987c) 

An Overview of Sediment Quality in the United 
States (EPA 1987e) 

Proposed Guide for Sediment Collection, 
Storage, Characterization and Manipulation 
(The American Society for Testing and 
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Lotic waters.  Lotic waters are fast-moving 
waters such as rivers and streams.  Variations in 
mixing across the stream channel and downstream 
in rivers and streams can make it diffi cult to obtain 
representative samples.  Al though the selection of 
sampling points will be highly dependent on the 
exposure pathways of concern for a particular site, 
samples generally should be taken both toward the 
middle of the channel where the majority of the 
flow occurs and along the banks where flow is 
generally lower.  Sampling locations should be 
downgradient of any possible contaminant sources 
such as tributaries or effluent outfalls.  Any 
facilities (e.g., dams, wastewater treatment plants) 
upstream that affect flow volume or water quality 
should be considered during the timing of 
sampling. "Background" releases upstream could 
confound the interpretation of sampling results by 
diluting contaminants or by increasing contaminant 
loads.  In general, sampling should begin 
downstream and proceed upstream. 

Lentic waters.  Lentic waters are slow-
moving waters such as lakes, ponds, and 
impoundments.  In general, lentic waters require 
more samples than lotic waters because of the 
relatively low degree of mixing of lentic waters. 
Thermal stratification is a major factor to be 
considered when sampling lakes.  If the water body 
is stratified, samples from each layer should be 
obtained.  Vertical composites of these layers then 
may be made, if appropriate.  For small shallow 
ponds, only one or two sample locations (e.g., the 
intake and the deepest points) may be adequate 
depending on the exposure pathways of concern 
for the site.  Periodic release of water should be 
considered when sampling impoundments, as this 
may affect chemical concentrations and 
stratification. 

Estuar ies.  Contaminant concentrations in 
estuaries will depend on tidal flow and salinity-
stratification, among other factors.  To obtain a 
representative sample, sampling should be 
conducted through a tidal cycle by taking three sets 
of samples on a given day:  (1) at low tide; (2) at 
high tide; and (3) at "half tide."  Each layer of 
salinity should be sampled. 

Sediments.  Sediment samples should be 
collected in a manner that minimizes disturbance 
of the sediments and potential contamination of 

subsequent samples.  Sampling in flowing waters 
should begin downstream and end upstream. 
Wading should be avoided.  Sediments of different 
composition (i.e., mud, sand, rock) should not be 
composited.  Again, it is important to obtain data 
that will support the evaluation of the potential 
exposure pathways of concern.  For example, for 
pathways such as incidental ingestion, sampling of 
near-shore sediments may be important; however, 
for dermal absorption of sediment contaminants 
during recreational use such as swimming, samples 
from different points throughout the water body 
may be important.  If ingestion of benthic (bottom-
dwelling) species or surface water will be assessed 
during the risk assessment, sediment should be 
sampled so that characteristics needed for 
modeling (e.g., fraction of organic carbon, particle 
size distribution) can be determined (see Section 
4.3). 

4.5.5 AIR 

Guidance for developing an air sampling plan 
for Superfund sites is provided in Procedures for 
Dispersion Modeling and Air Monitoring for 
Superfund Air Pathway Analysis (EPA 1989e). 
That document is Volume IV of a series of four 
technical guidance manuals called Procedures for 
Conducting Air Pathway Analyses for Superfund 
Applications (EPA 1989e-h).  The other three 
volumes of the series include discussions of 
potential air pathways, air emission sources, and 
procedures for estimating potential source emission 
rates associated with both the baseline site 
evaluation and remedial activities at the site. 

Air monitoring information, along with 
recommendations for proper selection and 
application of air dispersion models, is included in 
Volume IV.  The section on air monitoring 
contained in this volume presents step-by-step 
procedures to develop, conduct, and evaluate the 
results of air concentration monitoring to 
characterize downwind exposure conditions from 
Superfund air emission sources.  The first step 
addressed is the process of collecting and 
reviewing existing air monitoring information 
relevant to the specific site, including source, 
receptor, and environmental data.  The second step 
involves determining the level of sophistication for 
the air monitoring program; the levels range from 
simple screening procedures to refined techniques. 



Page 4-15 

Selection of a given level will depend on technical 
considerations (e.g., detection limits) and available 
resources.  The third step on air monitoring is 
development of the air monitoring plan and 
includes determination of the type of air monitors, 
the number and location of monitors, the frequency 
and duration of monitoring, sampling and analysis 
procedures, and QA/QC procedures.  Step four 
details the day-to-day activities related to 
conducting the air maintenance and calibration, 
and documentation of laboratory results and 
QA/QC procedures.  The fifth and final step 
involves the procedures necessary to (1) 
summarize and evaluate the air monitoring results 
for validity, (2) summarize the statistics used, (3) 
determine site-related air concentrations (by 
comparison of upwind and downwind 
concentrations), and (4) estimate uncertainties in 
the results related to the monitoring equipment and 
program and the analytical techniques used in the 
laboratory. 

Given the difficulties of collecting suffic ient 
air samples to characterize both temporal and 
spatial  variability   of air concentrations, modeling 
-- along or in conjunction with monitoring -- is 
often used in the risk assessment.  For the most 
efficient sampling program, the section in Volume 
IV on modeling should be used in conjunction with 
the section on monitoring. 

Volume IV also contains a comprehensive 
bibliography of other sources of air monitoring and 
modeling guidance.  Note, however, that while this 
volume contains an extensive discussion on 
planning and conducting air sampling, it does not 
provide details concerning particular monitoring 
equipment and techniques.  The box on this page 
lists some sources of detailed information on air 
sampling.  The following paragraphs address 
several specific aspects of air sampling:  temporal 
and spatial considerations, emission sources, 
meteorological conditions.  

Temporal and spatial considerations.  The goal 
of air sampling at a site is to adequately 
characterize air-related contaminant exposures.  At 
a minimum, sampling results should be adequate 
for predictive short-term and long-term modeling. 
When evaluating long-term inhalation exposures, 
sample results should be representative of the long-
term average air concentrations at the long-term 

modeling. When evaluating long-term inhalation 
exposures, sample results should be representative 
of the long-term average air concentrations at the 
long-term exposure points.  This requires an air 
sampling plan of sufficient temporal scale to 
encompass the range of meteorological and 
climatic conditions potentially affecting emissions, 
and of sufficient spatial scale to characterize 
associated air concentrations at potential exposure 
points.  If acute or subchronic exposures resulting 
from episodes of unusually large emissions are of 
interest, sampling over a much smaller time scale 
would be needed. 

AIR SAM PLING  GUIDANCE 

Technical Assistance Document for Sampling 
and Analysis of Toxic Organic Compounds in 
Ambient Air (EPA 1983) 

A Compendium of Superfund Field Operations 
Methods (EPA 1987c) 

Procedures for Dispersion Modeling and Air 
Monitoring for Superfund Air Pathway Analysis 
(EPA 1988f) 

Emission sources.  Selection of the 
appropriate type of air monitor will depend on the 
emission source(s) being investigated as well as the 
exposure routes to be evaluated.  For example, if 
inhalation of dust is an exposure pathway of 
concern, then the monitoring equipment must be 
able to collect respirable dust samples. 

Meteorological conditions.  Site-specific 
meteorological conditions should be obtained (e.g., 
from the National Weather Service) or recorded 
during the air sampling program with suffic ient 
detail and quality assurance to substantiate and 
explain the air sampling results.  The review of 
these meteorological data can help indicate the 
sampling locations and frequencies. 
Meteorological characteristics also will be 
necessary if air modeling is to be conducted. 

4.5.6 BIOT A 
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Organisms sampled for human health risk 
assessment purposes should be those that are likely 
to be consumed by humans.  This may include 
animals such as commercial and game fish 

(e.g., salmon, trout, catfish), shellfish (e.g., oysters, 
clams, crayfish), fowl (e.g., pheasant, duck), and 
terrestrial mammals (e.g., rabbit, deer), as well as 
plants such as grains (e.g., wheat, corn), vegetables 
(e.g., spinach, carrots), and fruit (e.g., melons, 
strawberries).  An effort should be made to sample 
species that are consumed most frequently by 
humans.  Guidance for collecting biota samples is 
provided in the references given in the box below. 
The following paragraphs address the following 
special aspects of biota sampling: portion vs. whole 
sampling, temporal concerns, food preference, fish 
sampling, involvement by other agencies. 

BIOTA SAM PLING  GUIDANCE 

Food and Drug Administration's Pesticide 
Analytical Manual (FDA 1977) 

Cooperative Agreement on the Monitoring of 
Contaminants in Great Lakes Sport Fish for 
Human Health Purposes (EPA 1985c) 

FDA's Pesticides and Industrial Chemicals in 
Domestic Foods (FDA 1986) 

A Compendium of Superfund Field Operations 
Methods (EPA 1987c) 

Guidance Manual for Assessing Human Health 
Risks from Chemically Contaminated Fish and 
Shellfish (EPA 1989i) 

Por tion vs. whole sampling.  If only human 
exposure is of concern, chemical concentrations 
should be measured only in edible portion(s) of the 
biota.  For many fish species, estimates of 
concentrations in fillets (skin on or skin off) are the 
most appropriate measures of exposure 
concentrations.  Whole body measurements may be 
needed, however, for certain species of fish and/or 
for environmental risk assessments.  For example, 
for some species, especially small ones (e.g., smelt), 
whole body concentrations are most appropriate. 
(See Risk Assessment Guidance for Superfund: 
Environmental Evaluation Manual (EPA 1989a) for 

more information concerning biota sampling for 
environmental assessment.) The edible portion of 
an organism can vary with species and with the 
potentially exposed subpopulation. 

Temporal concerns.  Any conditions that 
may result in non-representative sampling, such as 
sampling during a species' migration or when 
plants are not in season, should be avoided. 

Food preferences.  At some sites, human 
subpopulations in the area may have different food 
consumption patterns that need to be evaluated. 
For example, some people commonly eat the 
hepatopancreas of shellfish.  In these cases, organ 
concentrations would be most appropriate for 
estimating exposure.  Another example of a less 
common food preference is consumption of 
relatively large quantities of seaweed and other 
less commonly eaten seafoods in some Asian 
communities. 

Fish sampling.  It is recommended that fish 
of "catchable" size be sampled instead of young, 
small fi sh because extremely young fish are not 
likely to be consumed.  Older, larger fish also 
generally are more likely to have been exposed to 
site-specific contaminants for a long time, 
although for some species (e.g., salmon) the 
reverse is true.  Both bottom-dwelling (benthic) 
and open-water species should be sampled if both 
are used as a food source. 

Other agencies.  Biota sampling may 
involve other federal agencies such as the Fish and 
Wildlife Service or the Department of Agriculture. 
The equivalent state agencies also may be 
involved.  In such cases, these agencies should be 
involved early in the scoping process. 

4.6	 DEVELOPING AN OVERALL 
STRATEGY FOR SAMPLE 
COLLECTION 

For each medium at a site, there are several 
strategies for collecting samples.  The sampling 
strategies for a site must be appropriate for use in 
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a quantitative risk assessment; if inappropriate, 
even the strictest QA/QC procedures associated 
with the strategy will not ensure the usability  of 
sample results. Generally, persons actually 
conducting the field investigation will determine the 
strategy.  As discussed in Section 4.1, risk assessors 
also should be involved in discussions concerning 
the strategy. The following areas of major concern 
(from a risk assessment perspective) are discussed 
in this section:  sample size, sampling location, 
types of samples, temporal and meteorological 
factors, field analyses, and cost of sampling.  Many 
of these areas also are discussed for specific media 
in Section 4.5. See the box in the opposite column 
and Section 4.5 for more detailed guidance on 
sampling strategy. 

4.6.1 DETERMINE SAMPLE SIZ E 

Typically, sample size and sample location (see 
Section 4.6.2) are determined at the same time. 
Therefore, much of the discussion in this subsection 
is also pertinent to determining sampling location. 
The discussion on statistics in Section 4.4 is useful 
for both sample size and location determinations. 

A number of considerations are associated with 
determining an appropriate number of samples for 
a risk assessment.  These considerations include the 
following four factors: 

(1)	 number of areas of concern that will be 
sampled; 

(2)	 statistical methods that are planned; 

(3)	 statistical performance (i.e., variability 
power, and certainty) of the data that will be 
collected; and 

(4)	 practical considerations of logistics and cost. 

In short, many decisions must be made by the risk 
assessor related to the appropriate sample size for 
an investigation.  A statistician cannot estimate an 
appropriate sample size without the supporting 
information provided by a risk assessor.  The 
following paragraphs discuss these four factors as 
they relate to sample size determinations. 

Areas of concern. A major factor that 
influences how many samples are appropriate is  the 

number of areas of concern that are established 
prior to sampling.  As discussed in the next 
subsection, if more areas of concern are identified, 
then more samples generally will be needed to 
characterize the site.  If the total variability  in 
chemical concentrations is reduced substantially 
by subdividing the site into areas of concern, then 
the statistical performance should improve and 
result in a more accurate assessment of the site. 

SAMPLING  STRATEGY GUIDANCE 

Test Methods for Evaluating Solid Waste (SW-
846):  Physical/Chemical Methods (EPA 
1986a) 

Data Quality Objectives for Remedial 
Response Activities:  Development Process 
(EPA 1987a) 

Data Quality Objectives for Remedial 
Response Activities:  Example Scenario: 
RI/FS Activities at a Site with Contaminated 
Soils and Ground Water (EPA 1987b) 

Expanded Site Inspection (ESI) Transitional 
Guidance for FY 1988 (EPA 1987f) 

Quality Assurance Field Operations Manual 
(EPA 1987g) 

Statistical Methods for Evaluating the 
Attainment of Superfund Cleanup Standards: 
Volume 1, Soils and Solid Media (EPA 1988f) 

Proposed Guidelines for Exposure-related 
Measurements (EPA 1988g) 

Interim Report on Sampling Design 
Methodology (EPA 1988h) 

Standard Handbook of Hazardous Waste 
Treatment and Disposal (Freeman 1989) 

Soil Sampling Quality Assurance Guide (EPA 

Statistical methods.  A variety of statistical 
manipulations may need to be performed on the 
data used in the risk assessment.  For example, 
there may be comparisons with background 
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concentrations, estimates of upper confidence limits 
on means, and determinations of the probability  of 
identify ing hot spots.  Each of these analyses 
requires different calculations for determining a 
sample size that will y ield a specified statistical 
performance. Some of the available guidance, such 
as the Ground-water Monitoring guidance (EPA 
1986c), the RCRA Delisting guidance (EPA 
1985d), and the Soils Cleanup Attainment guidance 
(EPA 1988f), address these strategies in detail. 

Statistical per formance (i.e., var iability , 
power, and certainty).  If samples will be taken 
from an area that is anticipated to have a high 
degree of variability  in chemical concentrations, 
then many samples may be required to achieve a 
specified level of certainty and power.  If 
contaminant concentrations in an area are highly 
variable and only a few samples can be obtained, 
then the risk assessor should anticipate (1) a great 
deal of uncertainty in estimating mean 
concentrations at the site, (2) difficulty in defining 
the distribution of the data (e.g., normal), and (3) 
upper confidence limits much higher than the mean. 
Identification of multiple areas of concern -- each 
with its own set of samples and descriptive statistics 
-- will help reduce the total variability  if the areas of 
concern are defined so that they are very different 
in their contaminant concentration profiles. Risk 
assessors should discuss in the scoping meeting 
both the anticipated variability in the data and the 
desired power and certainty of the statistics that will 
be estimated from the data. 

As discussed in Section 4.4.3, power is the 
likelihood of detecting a false null hypothesis. 
Power is particularly important when comparing 
site characteristics with background.  For example, 
if a 10 percent difference in mean concentrations 
needs to be determined with 99 percent likelihood 
(i.e., power of 0.99), a very large number of 
samples will like ly be needed (unless the site and 
background variabilities are extremely low).  On the 
other hand, if the investigator is only interested in 
whether the onsite average conditions are 100 times 
larger than background or can accept a lower 
chance of detecting the difference if it exists (i.e., a 
lower power), then a smaller sample size could be 
accommodated. 

The other statistical performance quantity 
besides power that may need to be specified is the 

certainty of the calculations.  One minus the 
certainty is the significance level (i.e., �), or false 
positive rate (see also Section 4.4.3). The higher 
the desired certainty level (i.e., the lower the 
significance level), the greater the true difference 
must be to observe a statistical difference.  In the 
case of upper confidence limits on estimates of 
mean concentrations, the higher the desired 
certainty level, the higher will be the upper 
confidence limit.  This follows from the fact that 
in general, as certainty increases (i.e., � becomes 
smaller), the size of the confidence interval also 
increases. 

Practical considerations.  Finally, 
questions of practicality, logistics, sampling 
equipment, laboratory constraints, quality 
assurance, and cost influence the sample size that 
will be available for data analysis. After the ideal 
sample size has been determined using other 
factors, practical considerations can be introduced 
to modify the sample size if necessary. 

4.6.2 ESTABLI SH SAMPLI NG 
LOCATIONS 

There are three general strategies for 
establishing sample locations: (1) purposive, (2) 
completely random, and (3) systematic.  Various 
combinations of these general strategies are 
possible and acceptable. 

Much of the discussion on statistics in the 
preceding subsection and in Section 4.4 is 
appropriate here.  Typically, a statistician should 
be consulted when determining sampling location. 

Purposive sampling.  Although areas of 
concern are established purposively (e.g., with the 
intention of identifying contamination), the 
sampling locations within the areas of concern 
generally should not be sampled purposively if the 
data are to be used to provide defensible 
information for a risk assessment.  Purposively 
identified sampling locations are not discouraged 
if the objective is site characterization, conducting 
a chemical inventory, or the evaluation of visually 
obvious contamination.  The sampling results, 
however, may overestimate or underestimate the 
true conditions at the site depending on the 
strategies of the sampling team.  Due to the bias 
associated with the samples, data from purposively 
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identified sampling locations generally should not 
be averaged, and distributions of these data 
generally should not be modeled and used to 
estimate other relevant statistics.  Af ter areas of 
concern have been established purposively, ground-
water monitoring well locations, continuous air 
monitor locations, and soil sample locations should 
be determined randomly or systematically within 
the areas of concern. 

   Random sampling.  Random sampling involves 
selecting sampling locations in an unbiased manner. 
Al though the investigator may have chosen the area 
of concern purposively, the location of random 
sampling points within the area should be 
independent of the investigator (i.e., unbiased).  In 
addition, the sampling points should be independent 
of each other; that is, it should not be possible to 
predict the location of one sampling point based on 
the location of others.  Random sampling points can 
be established by choosing a series of pairs of 
random numbers that can be mapped onto a 
coordinate system that has been established for each 
area of concern. 

Several positive features are associated with 
data collected in a random sampling program. First, 
the data can be averaged and used to estimate 
average concentrations for the area of concern 
(rather than simply an average of the samples that 
were acquired). Second, estimates of the 
uncertainty of the average and the distributional 
form of the concentration measurements are 
informative and simple to estimate when they are 
determined from data that were obtained randomly. 
Finally, if there is a trend or systematic behavior to 
the chemical concentrations (e.g., sampling is 
occurring along a chemical gradient), then random 
sampling is preferred because it reduces the 
likelihood that all of the high concentration 
locations are sampled to the exclusion of the low 
concentration locations. 

Systematic sampling. Systematic sample 
locations are established across an area of concern 
by laying out a grid of sampling locations that 
follow a regular pattern. Systematic sampling 
ensures that the sampling effort across the area of 
concern is uniform and that samples are collected in 
each area. The sampling location grid should be 
determined by randomly identifying a single initial 
location from which the grid is constructed.  If such 

a random component is not introduced, the sample 
is essentially purposive.  The grid can be formed 
in several patterns including square, rectangular, 
triangular, or hexagonal, depending on the shape 
of the area.  A square pattern is often the simplest 
to establish.  Systematic sampling is preferable to 
other types of sampling if the objective is to search 
for small areas with elevated concentrations. 
Also, geostatistical characterizations -- as
described in the DQO guidance (EPA 1987a,b) --
are best done with data collected from a 
systematic sample. 

Disadvantages of systematic sampling 
include the need for special variance calculations 
in order to estimate confidence limits on the 
average concentration.  The Soils Cleanup 
Attainment guidance (EPA 1988f) discusses these 
calculations in further detail. 

4.6.3  DETERMINE TYPES OF SAMPLES 

Another item of concern is the 
determination of the types of samples to be 
collected.  Basically, two types of samples may be 
collected at a site:  grab and composite. 

Grab samples.  Grab samples represent a 
single unique part of a medium collected at a 
specific location and time. 

Composite samples.  Composite samples --
sometimes referred to as continuous samples for 
air -- combine subsamples from different locations 
and/or times.  As such, composite samples may 
dilute or otherwise misrepresent concentrations at 
specific points and, therefore, should be avoided 
as the only inputs to a risk assessment. For media 
such as soil, sediment, and ground water, 
composite samples generally may be used to 
assess the presence or absence of contamination; 
however, they may be used in risk assessment only 
to represent average concentrations (and thus 
exposures) at a site.  For example, "hot spots" 
cannot be determined using composite samples. 
For surface water and air, composite samples may 
be useful if concentrations and exposures are 
expected to vary over time or space, as will often 
be the case in a large stream or river. Composites 
then can be used to estimate daily or monthly 
average concentrations, or to account for 
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stratification due to depth or varying flow rates 
across a stream. 

4.6.4	 CONSIDER TEMPORAL AND 
METEOROLOGICAL FACTORS 

Temporal (time) and meteorological 
(weather) factors also must be considered when 
determining sampling strategies.  The sampling 
design should account for fluctuations in chemical 
concentrations due to these factors because in 
general, the variability  in sampling results increases 
with increasing complexity of these factors.  When 
these factors are complex, specialized and detailed 
sampling designs are needed to maintain a constant 
and certain level of accuracy in the results. 
Countering this need, however, is the cost of the 
sampling.  The following paragraphs address the 
interactions of the single sampling event, 
annual/seasonal sampling cycle, variability 
estimation, and the cost of sampling. 

Single sampling event.  Variability  measures from 
a single sampling event will underestimate the 
overall variability  of concentrations across an area 
of concern, which in turn will result in the 
underestimation of the confidence limits on the 
mean.  The reason for this underestimation is that 
temporal variability  is not included in an evaluation 
of the total environmental variability  at the site. 

Annual/seasonal sampling cycle. The ideal 
sampling strategy incorporates a full annual 
sampling cycle.  If this strategy cannot be 
accommodated in the investigation, at least two 
sampling events should be considered.  These 
sampling events should take place during opposite 
seasonal extremes.  For example, sampling periods 
that may be considered extremes in temporal 
sampling include (1) high water/low water, (2) high 
recharge/low recharge, (3) windy/calm, and (4) high 
suspended solids/clear water.  This type of sampling 
requires some prior knowledge of regional seasonal 
dynamics.  In addition, a sampling team that can 
mobilize rapidly might be needed if the particular 
year of sampling is not typical and the extreme 
conditions occur at an unusual time.  See the box on 
this page for examples of seasonal variability . 

Variability  estimation. The simple variance 
estimators that are often used in risk assessment 
require that the data are independent or 

uncorrelated. Certain types of repeated samples, 
however, (e.g., those from ground-water wells or 
air monitors) actually are time series data that 
might be correlated.  In other words, the 
concentration of a contaminant in an aquifer 
measured at a well on a given day will depend, in 
part, on what the concentration in the aquifer was 

SEASONAL VARIAB ILITY 

Regardless of the medium sampled, sample 
composition may vary depending on the time of year and 
weather conditions when the sample is collected.  For 
example, rain storms may greatly alter soil  composition 
and thus affect the types and concentrations of chemicals 
present on solid material; heavy precipitation and runoff 
from snowmelt may directly dilute chemical concentrations 
or change the types of chemicals present in surface water; 
heavy rain also may result in sediment loading to water 
bodies, which could increase contamination or affect the 
concentrations of other contaminants through adsorption 
and settling in the water column; if ground-water samples 
are collected from an area heavily dependent on ground 
water for irrigation, the composition of a sample collected 
during the summer growing season may greatly differ from 
the composition of a sample collected in the winter. 

on the previous day.  To reduce this dependence 
(e.g., due to seasonal variability ), sampling of 
ground-water wells and air monitors should be 
either separated in time or the data should be 
evaluated using statistical models with variance 
estimators that can accommodate a correlation 
structure.  Otherwise, if time series data that are 
correlated are treated as a random sample and 
used to calculate upper confidence limits on the 
mean, the confidence limits will be 
underestimated. 

Ideally, samples of various media should be 
collected in a manner that accounts for time and 
weather factors.  If seasonal fluctuations cannot be 
characterized in the investigations, details 
concerning meteorological, seasonal, and climatic 
conditions during sampling must be documented. 

4.6.5  USE FIELD SCREENING ANALYS ES 

An important component of the overall sampling 
strategy is the use of field screening analyses. 
These types of analyses utilize instruments that 
range from relatively simple (e.g., hand-held 
organic vapor detectors) to more sophisticated 
(e.g., field gas chromatographs).  (See Field 
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Screening Methods Catalog [EPA 1987h] for more 
information.)  Typically, field screening is used to 
provide threshold indications of contamination. For 
example, on the basis of soil gas screening, the field 
investigation team may determine that 
contamination of a particular area is indicated and 
therefore detailed sampling is warranted. Al though 
field screening results usually are not directly used 
in the risk assessment, they are useful for 
streamlining sampling and the overall RI/FS 
process. 

4.6.6	 CONSIDER TIME AND COS T OF 
SAMPLING 

Two primary constraints in sampling are time 
and cost.  Time consuming or expensive sampling 
strategies for some media may prohibit multiple 
sampling points.  For example, multiple ground-
water wells and air monitors on a grid sampling 
pattern are seldom located within a single area of 
concern. However, multiple surface water and soil 
samples within each area of concern are easier to 
obtain. In the case of ground water and air, several 
areas of concern may have to be collapsed into a 
single area so that multiple samples will be 
available for estimating environmental variability  or 
so that the dynamics of these media can be 
evaluated using accepted models of fate and 
transport. 

In general, it is important to remember when 
developing the sampling strategy that detailed 
sampling must be balanced against the time and 
cost involved.  The goal of RI/FS sampling is not 
exhaustive site characterization, but rather to 
provide sufficient information to form the basis for 
site remediation. 

4.7 QA/QC MEASURES 

This section presents an overview of the following 
quality assurance/quality control (QA/QC) 
considerations that are of particular importance for 
risk assessment sampling:  sampling protocol, 
sampling devices, QC samples, collection 
procedures, and sample preservation.  Note, 
however, that the purpose of this discussion is to 
provide background information; the risk assessor 
will not be responsible for most QA/QC 
evaluations. 

The Quality Assurance Field Operations Manual 
(EPA 1987g) should be reviewed. In addition, the 
EPA Environmental Monitoring Support 
Laboratory in   Las   Vegas,  Nevada, (EMSL-
LV) currently is writing a guidance document 
concerning the development of quality assurance 
sample designs for Superfund site investigations. 
Regional QA/QC contacts (e.g., the regional 
Environmental Services Division) or EMSL-LV 
should be consulted if more information 
concerning QA/QC procedures for sampling is 
desired. 

4.7.1	 SAMPLING PROTOCOL 

The sampling protocol for a risk assessment 
should include the following: 

� objectives of the study; 
�	 procedures for sample collection, 

preservation, handling, and transport; and 
� analytical strategies that will be used. 

Presenting the objectives of the RI sampling is 
particularly important because these objectives 
also will determine the focus of the risk 
assessment. There should be instructions on 
documenting conditions present during sampling 
(e.g., weather conditions, media conditions). 
Persons collecting samples must be adequately 
trained and experienced in sample collection. Test 
evaluations of the precision attained by persons 
involved in sample collection should be 
documented (i.e., the individual collecting a 
sample should do so in a manner that ensures that 
a homogeneous, valid sample is reproducibly 
obtained).  The discussion of analytical strategies 
should specify quantitation limits to be achieved 
during analyses of each medium. 

4.7.2	 SAMPLING DEVICES 

The devices used to collect, store, preserve, and 
transport samples must not alter the sample in any 
way (i.e., the sampling materials cannot be 
reactive, sorptive, able to leach analytes, or cause 
interferences with the laboratory analysis).  For 
example, if the wrong materials are used to 
construct wells for the collection of ground-water 
samples, organic chemicals may be adsorbed to 
the well  materials and not be present in the 
collected sample. 
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4.7.3	 QC SAMPLES 

Field QC samples (e.g., field blanks, trip 
blanks, duplicates, split samples) must be collected, 
stored, transported, and analyzed in a manner 
identical to those for site samples.  The meaning 
and purpose of blank samples are discussed in 
detail i n Chapter 5.  Field duplicate samples are 
usually two samples collected simultaneously from 
the same sampling location and are used as 
measures of either the homogeneity of the medium 
sampled in a particular location or the precision in 
sampling. Split samples are usually one sample that 
is divided into equal fractions and sent to separate 
independent laboratories for analysis. These split 
samples are used to check precision and accuracy of 
laboratory analyses.  Samples may also be split in 
the same laboratory, which can provide information 
on precision.  The laboratory analyzing the samples 
should not be aware of the identity of the field QC 
samples (e.g., labels on QC samples should be 
identical to those on the site samples). 

4.7.4	 COLLECTION PROCEDURES 

Collection procedures should not alter the 
medium sampled.  The general environment 
surrounding the location of the sample should 
remain the same so that the collected samples are 
representative of the situation due to the site 
conditions, not due to conditions posed by the 
sampling equipment. 

4.7.5	 SAMPLE PRESERVATION 

Until analysis by the laboratory, any 
chemicals in the samples must be maintained as 
close to the same concentrations and identities as in 
the environment from which they came.  Therefore, 
special procedures may be needed to preserve the 
samples during the period between collection and 
analysis. 

4.8	 SPECIAL ANALYTICAL 
SERVICES 

EPA's SAS, operated by the CLP, may be 
necessary for two main reasons:  (1) the standard 
laboratory methods used by EPA's Routine 
Analytical Services (RAS) may not be appropriate 
(e.g., lower detection limits may be needed),4 and 

(2) chemicals other than those on the target 
compound list (TCL; i.e., chemicals usually 
analyzed under the Superfund program) may be 
suspected at the site and therefore may need to be 
analyzed. A discussion on the RAS detection 
limits is provided in Chapter 5. Additional 
information on SAS can be found in the User's 
Guide to the Contract Laboratory Program (EPA 
1988i). 

In reviewing the historical data at a site, the 
risk assessor should determine if non-TCL 
chemicals are expected. As indicated above, non-
TCL chemicals may require special sample 
collection and analytical procedures using SAS. 
Any such needs should be discussed at the scoping 
meeting. SAS is addressed in greater detail in 
Chapter 5. 

4.9	 TAKING AN ACTIVE ROLE 
DURING WORKPLAN 
DEVELOPMENT AND DATA 
COLLECTION 

The risk assessor should be sure to take an 
active role during workplan development and data 
collection.  This role involves three main steps: 

(1)	 present risk assessment sampling needs at 
the scoping meeting; 

(2)	 contribute to the workplan and review the 
Sampling and Analysis Plan; and 

(3)	 conduct interim reviews of outputs of the 
field investigation. 

See Chapter 9 for information on the role of the 
RPM during workplan development and data 
collection. 

4.9.1	 PRESENT RISK ASSESSMENT 
SAMPLING NEEDS AT 
SCOPING MEETING 

At the scoping meeting, the uses of samples 
and data to be collected are identified, strategies 
for sampling and analysis are developed, DQOs 
are established, and priorities for sample 
collection are assigned based on the importance of 
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the data in meeting RI/FS objectives.  One of the - present and potential future land 
RI/FS objectives, of course, is the baseline risk use 
assessment.  Therefore, the risk assessment data 
needs and their fit with those of other RI/FS - media that are or may be 
components are discussed.  If certain risk contaminated 
assessment sampling needs are judged infeasible by 
the scoping meeting attendees, all persons involved - locations of actual and potential 
with site investigation should be made aware of the exposure 
potential effects of exclusion on the risk 
assessment. - present concentrations at 

appropriate exposure points, 
4.9.2	 CONTRIBUTE TO WORKPLAN 

AND REVIEW SAMPLING AND -- data needs for statistical analysis of the 
ANALYS IS PLAN above, and 

The outcome of the scoping meeting is the -- data needs for fate and transport 
development of a workplan and a SAP.  The models; 
workplan documents the decisions and evaluations 
made during the scoping process and presents sample analysis/validation, especially with � 
anticipated future tasks, while the SAP specifies the respect to 
sampling strategies, the numbers, types, and 
locations of samples, and the level of quality -- chemicals of concern, and 
control.  The SAP consists of a quality assurance -- analytical quantification levels; 
project plan (QAPjP) and a field sampling plan 
(FSP).  Elements of the workplan and the SAP are data evaluation; and � 
discussed in detail in Appendix B of the RI/FS

guidance (EPA 1988a).  Both the workplan and the assessment of risks.
� 
SAP generally are written by the personnel who will 
be involved in the collection of the samples; In reviewing the above, the precise information 
however, these documents should be reviewed by necessary to satisfy the remainder of this guidance 
all personnel who will be using the resulting sample should be anticipated. 
data. 

Review the SAP.  The risk assessor should 
Review the work plan. The workplan should carefully review and evaluate all sections of the 

describe the tasks involved in conducting the risk SAP to determine if data gaps identified in the 
assessment. It also should describe the workplan will be addressed adequately by the 
development of a preliminary assessment of public sampling program.  Of particular importance is the 
health and environmental impacts at the site.  The presentation of the objectives. In the QAPjP 
risk assessor should review the completed workplan component of the SAP, the risk assessor should 
to ensure that all feasible risk assessment sampling pay particular attention to the QA/QC procedures 
needs have been addressed as discussed in the associated with sampling (e.g., number of field 
scoping meeting.  In particular, this review should blanks, number of duplicate samples -- see Section 
focus on the descriptions of tasks related to: 4.8).  The SAP should document the detailed, site-

specific procedures that will be followed to ensure 
� field investigation (e.g., source testing, media the quality of the resulting samples.  Special 

sampling), especially with respect to considerations in reviewing the SAP are discussed 
in Section 4.1.3. 

-- background concentrations by medium, 
-- quantification of present and future In reviewing the FSP, pay particular attention to 

exposures, e.g., the information on sample location and frequency, 
sampling equipment and procedures, and sample 

- exposure pathways 
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handling and analysis.  As discussed in Section 4.5, 4.9.3 CONDUCT INTERIM REVIEWS 
the sampling procedures should address: OF FIELD INVES TIGATION 

OUTPUTS 
�	 each medium of concern; 

Al l sampling results should be reviewed as 
� background concentrations;	 soon as they are available to determine if the risk 

assessment data needs outlined in the workplan 
� all potential exposure points within each have been met by the sampling.  Compare the 

medium; actual number, types, and locations of samples 
collected with those planned in the SAP. 

�	 migration to potential exposure points, Sampling locations frequently are changed in the 
including data for models;	 field when access to a planned sampling location 

is obstructed.  The number of samples collected 
� potential exposures based on possible future may	 be altered if, for instance, there is an 

land uses;	 insufficient amount of a certain medium to collect 
the planned number of samples (e.g., if several 

�	 sufficient data to satisfy concerns about wells are found to be dry). 
distributions of sampling data and statistics; 
and If certain sampling needs have not been met, 

then the field investigators should be contacted to 
� number and location of samples.	 determine why these samples were not collected. 

If possible, the risk assessor should obtain samples 
The analytical plans in the FSP should be reviewed to fill these data gaps.  If time is critical, Special 
to ensure that DQOs set during the scoping meeting Analytical Services (see Section 4.7) may be used 
will be met. to shorten the analytical time.  If this is not 

possible, then the risk assessor should evaluate all 
The SAP may be revised or amended several sampling results as discussed in Chapter 5, 

times during the site investigation.  Therefore, a documenting the potential effect that these data 
review of all proposed changes to the sampling and gaps will have on the quantitative risk assessment. 
analysis plan that potentially may affect the data In general, the risk assessment should not be 
needs for risk assessment is necessary. Prior to any postponed due to these data gaps. 
changes in the SAP during actual sampling, 
compliance of the changes with the objectives of 
the SAP must be checked.  (If risk assessment 
objectives are not specified in the original SAP, 
they will not be considered when changes to an 
SAP are proposed.) 
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ENDNOTES FOR CHAPTER 4


1. Some information that is appropriate for the assessment of human health risks also may be suitable and necessary for an environmental evaluation 
of the site.  Procedures for conducting an environmental evaluation of the hazardous waste site are outlined in the companion volume of this guidance, 
the Environmental Evaluation Manual (EPA 1989a), and are not discussed in this chapter. 

2.  The term "media" refers to both environmental media (e.g., soil) and biota (e.g., fish). 

3. "Areas of Concern" within the context of this guidance should be differentiated from the same terminology used by the Great Lakes environmental 
community.  This latter use is defined by the International Joint Commission as an area found to be exceeding the Great Lakes Water Quality Agreement 
objectives. 

4. New routine services that provide lower detection limits are currently under development.  Contact the headquarters Analytical Operations Branch 
for further information. 
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CHAPTER 5


DATA EVALUATION


After a site sampling investigation has been 
completed (see Chapter 4), a large quantity of 
analytical data is usually available.  Each sample 
may have been analyzed for the presence of over 
one hundred chemicals, and many of those 
chemicals may have been detected. The following 
nine steps should be followed to organize the data 
into a form appropriate for a baseline risk 
assessment: 

(1)	 gather all data available from the site 
investigation and sort by medium 
(Section 5.1); 

(2)	 evaluate the analytical methods used 
(Section 5.2); 

(3)	 evaluate the quality of data with respect 
to sample quantitation limits (Section 
5.3); 

(4)	 evaluate the quality of data with respect 
to qualifiers and codes (Section 5.4); 

(5)	 evaluate the quality of data with respect 
to blanks (Section 5.5); 

(6) evaluate tentatively
compounds (Section 5.6); 

 identified 

(7) compare potential site-related 
contamination with background (Section 
5.7); 

(8)	 develop a set of data for use in the risk 
assessment (Section 5.8); and 

(9)	 if appropriate, further limit the number 
of chemicals to be carried through the 
risk assessment (Section 5.9). 

Prior to conducting any of these steps, the 
EPA remedial project manager (RPM) should be 
consulted to determine if certain steps should be 

modified, added, or deleted as a result of site-
specific conditions. Also, some of the steps may 
be conducted outside the context of the risk 
assessment (e.g., for the feasibility study). The 
rationale for not evaluating certain data based on 
any of these steps must be fully discussed in the 
text of the risk assessment report. 

The following sections address each of the data 
evaluation steps in detail, and Exhibit 5-1 presents 
a flowchart of the process.  The outcome of this 
evaluation is (1) the identification of a set of 
chemicals that are likely to be site-related and (2) 
reported concentrations that are of acceptable 
quality for use in the quantitative risk assessment. 

ACRONYM S FOR CHAPTER 5 

CLP = Contract Laboratory Program 
CRDL = Contract-Required Detection Limit 
CRQL = Contract-Required Quantitation 
Limit 
DL = Detection Limit 
FIT = Field Investigation Team 
IDL = Instrument Detection Limit 
MDL = Method Detection Limit 
ND = Non-detect 
PE = Performance Evaluation 
PQL = Practical Quantitation Limit 
QA/QC = Quality Assurance/Quality Control 
QL = Quantitation Limit 
RAS = Routine Analytical Services 
SAS = Special Analytical Services 
SMO = Sample Management Office 
SOW = Statement of Work 
SQL = Sample Quantitation Limit 
SVOC = Semivolatile Organic Chemical 
TCL = Target Compound List 
TIC = Tentatively Identified Compound 
TOC = Total Organic Carbon 
TOX = Total Organic Halogens 
VOC = Volatile Organic Chemical 
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DEFINITIONS FOR CHAPTER 5 

Chemicals of Potential Concern.  Chemicals that are potentially site-related and whose data are of sufficient quality for use in the 
quantitative risk assessment. 

Common Laboratory Contaminants.  Certain organic chemicals (considered by EPA to be acetone, 2-butanone, methylene chloride, 
toluene, and the phthalate esters) that are commonly used in the laboratory and thus may be introduced into a sample from 
laboratory cross-contamination, not from the site. 

Contract-required Quantitation Limit (CRQL). Chemical-specific levels that a CLP laboratory must be able to routinely and reliably 
detect and quantitate in specified sample matrices.  May or may not be equal to the reported quantitation limit of a given 
chemical in a given sample. 

Detection Limit (DL). The lowest amount that can be distinguished from the normal "noise" of an analytical instrument or method. 

Non-detects (NDs).  Chemicals that are not detected in a particular sample above a certain limit, usually the quantitation limit for 
the chemical in that sample.  Non-detects may be indicated by a "U" data qualifier. 

Positive Data.  Analytical results for which measurable concentrations (i.e., above a quantitation limit) are reported.  May have data 
qualifiers attached (except a U, which indicates a non-detect). 

Quantitation Limit (QL).  The lowest level at which a chemical can be accurately and reproducibly quantitated.  Usually equal to the 
instrument detection limit multiplied by a factor of three to five, but varies for different chemicals and different samples. 

If the nine data evaluation steps are followed, the 
number of chemicals to be considered in the 
remainder of the risk assessment usually will be 
less than the number of chemicals initially 
identified.  Chemicals remaining in the quantitative 
risk assessment based upon this evaluation are 
referred to in this guidance as "chemicals of 
potential concern." 

5.1	 COMBINING DATA 
AVAILABLE F ROM SITE 
INVESTIGATIONS 

Gather data, which may be from several 
different sampling periods and based on several 
different analytical methods, from all available 
sources, including field investigation team (FIT) 
reports, remedial investigations, preliminary site 
assessments, and ongoing site characterization and 
alternatives screening activities.  Sort data by 
medium.  A useful table format for presenting data 
is shown in Exhibit 5-2. 

Evaluate data from different time periods to 
determine if concentrations are similar or if 
changes have occurred between sampling periods. 
If the methods used to analyze samples from 
different time periods are similar in terms of the 
types of analyses conducted and the QA/QC 
procedures followed, and if the concentrations 
between sampling periods are similar, then the data 
may be combined for the purposes of quantitative 
risk assessment in order to obtain more information 
to characterize the site.  If concentrations of 
chemicals change significantly between sampling 
periods, it may be useful to keep the data separate 
and evaluate risks separately.  Alternatively, one 
could use only the most recent data in the 
quantitative risk assessment and evaluate older data 
in a qualitative analysis of changes in 
concentrations over time.  The RPM should be 
consulted on the elimination of any data sets from 
the risk assessment, and justification for such 
elimination must be fully described in the risk 
assessment report. 
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5.2	 EVALUATION OF 
ANALYTICAL METHODS 

Group data according to the types of analyses 
conducted (e.g., field screening analysis, 
semivolatiles analyzed by EPA methods for water 
and wastewater, semivolatiles analyzed by EPA's 
Superfund Contract Laboratory Program [CLP] 
procedures) to determine which analytical method 

results are appropriate for use in quantitative risk 
assessment.  Often, this determination has been made 
already by regional and contractor staff. 

An overview of EPA analytical methods is 
provided in the box below.  Exhibit 5-3 presents 
examples of the types of data that are not usually 
appropriate for use in quantitative risk assessment, 
even though they may be available from a site 
investigation. 

OVERVIEW OF THE CLP AND OTHER EPA ANALYTICAL M ETHODS 

The EPA Contract Laboratory Program (CLP) is intended to provide analytical services for Superfund waste site samples.  As 
discussed in the User's Guide to the Contract Laboratory Program (EPA 1988a, hereafter referred to as the CLP User's Guide), the program 
was developed to fil l the need for legally defensible results supported by a high level of quality assurance (i.e., data of known quality) and 
documentation. 

Prior to becoming CLP laboratories, analytical laboratories must meet stringent requirements for laboratory space and practices, 
instrumentation, personnel training, and quality control (QC), and also must successfully analyze performance evaluation (PE) samples.  Before 
the first samples are shipped to the laboratory, audits of CLP labs are conducted to verify all representations made by laboratory management. 
Continuing performance is monitored by periodic PE sample analyses, routine and remedial audits, contract compliance screening of data 
packages, and oversight by EPA. 

Superfund samples are most commonly analyzed using the Routine Analytical Services (RAS) conducted by CLP laboratories. Under 
RAS, all data are generated using the same analytical protocols specifying instrumentation, sample handling, analysis parameters, required 
quantitation limits, QC requirements, and report format.  Protocols are provided in the CLP Statement of Work (SOW) for Inorganics (EPA 
1988b) and the CLP Statement of Work for Organics (1988c).  The SOWs also contain EPA's target analyte or compound lists (TAL for 
inorganics, TCL for organics), which are the lists of analytes and required quantitation limits (QLs) for which every Superfund site sample is 
routinely analyzed under RAS.  As of June 1989, analytes on the TCL/TAL consist of 34 volatile organic chemicals (VOCs), 65 semivolatile 
organic chemicals (SVOCs), 19 pesticides, 7 polychlorinated biphenyls, 23 metals, and total cyanide.  Finally, the SOW specifies data qualifiers 
that may be placed on certain data by the laboratory to communicate information and/or QC problems. 

CLP labs are required to submit RAS data packages to EPA's Sample Management Office (SMO) and to the EPA region from which 
the samples originated within 35 days of receipt of samples.  SMO provides management, operational, and administrative support to the CLP 
to facilitate optimal use of the program.  SMO personnel identify incomplete or missing elements and verify compliance with QA/QC 
requirements in the appropriate SOW.  In addition to the SMO review, all CLP data are inspected by EPA-appointed regional data validators. 
Using Laboratory Data Validation Functional Guidelines issued by EPA headquarters (hereafter referred to as Functional Guidelines for Inorganics 
[EPA 1988d] and Functional Guidelines for Organics [EPA 1988e]), regional guidelines, and professional judgment, the person validating data 
identifies deviations from the SOW, poor QC results, matrix interferences, and other analytical problems that may compromise the potential uses 
of the data.  In the validation process, data may be flagged with qualifiers to alert data users of deviations from QC requirements.  These qualifiers 
differ from those qualifiers attached to the data by the laboratory. 

In addition to RAS, non-standard analyses may be conducted using Special Analytical Services (SAS) to meet user requirements such 
as short turnaround time, lower QLs, non-standard matrices, and the testing of analytes other than those on the Target Compound List.  Under 
SAS, the user requests specific analyses, QC procedures, report formats, and timeframe needed. 

Examples of other EPA analytical methods include those described in Test Methods for Evaluating Solid Waste (EPA 1986; hereafter 
referred to as SW-846 Methods) and Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater (EPA 1984; hereafter 
referred to as EPA 600 Methods).  The SW-846 Methods provide analytical procedures to test solid waste to determine if it is a hazardous waste 
as defined under the Resource Conservation and Recovery Act (RCRA).  These methods include procedures for collecting solid waste samples 
and for determining reactivity, corrosivity, ignitability, composition of waste, and mobility of waste components. The EPA 600 Methods are used 
in regulatory programs under the Clean Water Act to determine chemicals present in municipal and industrial wastewaters. 
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Analytical results that are not specific for a 
particular compound (e.g., total organic carbon 
[TOC], total organic halogens [TOX]) or results of 
insensitive analytical methods (e.g., analyses using 
portable field instruments such as organic vapor 
analyzers and other field screening methods) may 
be useful when considering sources of 
contamination or potential fate and transport of 
contaminants.  These types of analytical results, 
however, generally are not appropriate for 
quantitative risk assessment; therefore, the risk 
assessor may not want to include them in the 
summary of chemicals of potential concern for the 
quantitative risk assessment.  In addition, the 
results of analytical methods associated with 
unknown, few, or no QA/QC procedures should be 
eliminated from further quantitative use.  These 
types of results, however, may be useful for 
qualitative discussions of risk in other sections of 
the risk assessment report. 

The outcome of this step is a set of site data 
that has been developed according to a standard set 
of sensitive, chemical-specific methods (e.g., SW-
846 Methods [EPA 1986], EPA 600 Methods [EPA 
1984], CLP Statements of Work [EPA 1988b,c]), 
with QA/QC procedures that are well-documented 
and traceable.  The data resulting from analyses 
conducted under the CLP, which generally 
comprise the majority of results available from a 
Superfund site investigation, fall into this category. 

Although the CLP was developed to ensure 
that consistent QA/QC methods are used when 
analyzing Superfund site samples, it does not 
ensure that all analytical results are consistently of 
sufficient quality and reliability  for use in 
quantitative risk assessment.  Neither the CLP nor 
QA/QC procedures associated with other methods 
make judgments concerning the ultimate 
"usability" of the data.  Do not accept at face value 
all remaining analytical results, whether from the 
CLP or from some other set of analytical 
methodologies. Instead, determine -- according to 
the steps discussed below -- the limitations and 
uncertainties associated with the data so that only 
data that are appropriate and reliable for use in a 
quantitative risk assessment are carried through the 
process. 

5.3 EVALUATION OF 
QUANTITATION LIMITS 

This step involves evaluation of quantitation 
limits and detection limits (QLs and DLs) for all of 
the chemicals assessed at the site.  This evaluation 
may lead to the re-analysis of some samples, the 
use of "proxy" (or estimated) concentrations, 
and/or the elimination of certain chemicals from 
further consideration (because they are believed to 
be absent from the site).  Types and definitions of 
QLs and DLs are presented in the box on the next 
page. 

Before eliminating chemicals because they are 
not detected (or conducting any other manipulation 
of the data), the following points should be 
considered: 

(1)	 the sample quantitation limit (SQL) of 
a chemical may be greater than 
corresponding standards, criteria, or 
concentrations derived from toxicity 
reference values (and, therefore, the 
chemical may be present at levels 
greater than these corresponding 
reference concentrations, which may 
result in undetected risk); and 

(2)	 a particular SQL may be significantly 
higher than positively detected values 
in other samples in a data set. 

These two points are discussed in detail in the 
following two subsections.  A third subsection 
provides guidance for situations where only some 
of the samples for a given medium test positive for 
a particular chemical.  A fourth subsection 
addresses the special situation where SQLs are not 
available.  The final subsection addresses the 
specific  steps involved with elimination of 
chemicals from the quantitative risk assessment 
based on their QLs. 

5.3.1 	SAMPLE QUANTITATION LIMITS
          (SQLs) THAT ARE GREATER THAN   

REFERENCE CONCENTRATIONS 

As discussed in Chapter 4, QLs needed for the 
site investigation should be specified in the 
sampling plan.  For some chemicals, however, 
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SQLs obtained  under RAS or SAS may  exceed Three points should be noted when considering 
certain reference concentrations (e.g., maximum this example. 
contaminant levels [MCLs], concentrations 
corresponding to a 10-6  cancer risk).  The box on (1) Review of site information and a 
the next page illustrates this problem.  For certain preliminary determination of chemicals 
chemicals (e.g., antimony), the CLP contract- of potential concern at a site prior to 
required quantitation limits (CRQLs) exceed the sample collection may allow the 
corresponding reference concentrations for specification of lower QLs (i.e., using 
noncarcinogenic effects, based on the EPA-verified SAS) before an investigation begins 
reference dose and a 2-liter per day ingestion of (see Chapter 4). This is the most 
water by a 70-kilogram person.1   Estimation of efficient way to minimize the problem 
cancer risks for several other chemicals (e.g., of QLs exceeding levels of potential 
arsenic, styrene) at their CRQLs yields cancer risks concern. 
exceeding 10-4, based on the same water ingestion 
factors.  Most potential carcinogens with EPA- (2) EPA's Analytical Operations Branch 
derived slope factors have CRQLs that yield cancer currently is working to reduce the 
risk levels exceeding 10-6  in water, and none of the CRQL values for several chemicals on 
carcinogens with EPA-derived slope factors have the TCL and TAL, and to develop an 
CRQL values yielding less than 10-7  cancer risk analytical service for chemicals with 
levels (as of the publication date of this manual; special standards (e.g., MCLs). 
data not shown). 

TYPES AND DEFINITIO NS OF DETECTIO N LIM ITS AND QUANTITATIO N LIM ITS 

Strictly interpreted, the detection limit (DL) is the lowest amount of a chemical that can be "seen" above the normal, random noise 
of an analytical instrument or method.  A chemical present below that level cannot reliably be distinguished from noise.  DLs are chemical-specific 
and instrument-specific and are determined by statistical treatment of multiple analyses in which the ratio of the lowest amount observed to the 
electronic noise level (i.e., the signal-to-noise ratio) is determined.  On any given day in any given sample, the calculated limit may not be 
attainable; however, a properly calculated limit can be used as an overall general measure of laboratory performance. 

Two types of DLs may be described -- instrument DLs (IDLs) and method DLs (MDLs). The IDL is generally the lowest amount 
of a substance that can be detected by an instrument; it is a measure only of the DL for the instrument, and does not consider any effects that 
sample matrix, handling, and preparation may have.  The MDL, on the other hand, takes into account the reagents, sample matrix, and preparation 
steps applied to a sample in specific analytical methods. 

Due to the irregular nature of instrument or method noise, reproducible quantitation of a chemical is not possible at the DL. Generally, 
a factor of three to five is applied to the DL to obtain a quantitation limit (QL), which is considered to be the lowest level at which a chemical 
may be accurately and reproducibly quantitated.  DLs indicate the level at which a small amount would be "seen," whereas QLs indicate the levels 
at which measurements can be "trusted." 

Two types of QLs may be described -- contract-required QLs (CRQLs) and sample QLs (SQLs).  (Contract-required detection limits 
[CRDL] is the term used for inorganic chemicals.  For the purposes of this manual, however, CRQL will refer to both organic and inorganic 
chemicals.)  In order to participate in the CLP, a laboratory must be able to meet EPA CRQLs.  CRQLs are chemical-specific and vary depending 
on the medium analyzed and the amount of chemical expected to be present in the sample.  As the name implies, CRQLs are not necessarily the 
lowest detectable levels achievable, but rather are levels that a CLP laboratory should routinely and reliably detect and quantitate in a variety of 
sample matrices.  A specific sample may require adjustments to the preparation or analytical method (e.g., dilution, use of a smaller sample 
aliquot) in order to be analyzed.  In these cases, the reported QL must in turn be adjusted.  Therefore, SQLs, not CRQLs, will be the QLs of 
interest for most samples.  In fact, for the same chemical, a specific SQL may be higher than, lower than, or equal to SQL values for other 
samples. In addition, preparation or analytical adjustments such as dilution of a sample for quantitation of an extremely high level of only one 
compound could result in non-detects for all other compounds included as analytes for a particular method, even though these compounds may 
have been present at trace quantities in the undiluted sample.  Because SQLs take into account sample characteristics, sample preparation, and 
analytical adjustments, these values are the most relevant QLs for evaluating non-detected chemicals. 
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EXAM PLE OF HEALTH RISKS FROM  INGESTION OF WATER CONTAM INATED

WITH  SELECTED CHEMICALS AT TH EIR QUANTITATIO N LIM ITSa


                                                                                CRQL or                            Cancer Risk 
Chemical                                              CAS #  CRDL (ug/L)b    CRDL/RfCc     at CRQL or CRDL d 

Antimony  7440-36-0  60    4.3 
Arsenic  7440-38-2  10 5x10-4 

Benz(a)pyrene    50-32-8  10 3x10-3 

Bis(2-Chloroethyl)ether   111-44-4  10 3x10-4 

2,4-Dinitrotoluene   121-14-2  10 2x10-4 

Hexachlorobenzene   118-74-1  10 5x10-4 

N-Nitroso-di-n-dipropylamine   621-64-7  10 2x10-3 

PCB-1254 11096-69-1  1 2x10-4e 

PCB-1260 11096-82-5  1 2x10-4 

Styrene   100-42-5  5 4x10-4 

Vinyl chloride    75-01-4  10 7x10-4 

a All values in this example are for illustration purposes only.

b CRQL = Contract-required quantitation limit (organics) of the Contract Laboratory Program (revised April 1989). 
  CRDL =	 Contract-required detection limit (inorganics) of the Contract Laboratory Program (revised July 1988).

  The CRQL and CRDL values presented here are for the regular multi-media multi-concentration CLP methods.

c RfC =	 Reference concentration (based on the August 1989 reference dose for oral exposure, assuming a 70-kilogram adult drinks 2 
liters of contaminated water per day).

d  Cancer Risk at CRQL or CRDL =  Excess upper-bound lifetime cancer risk (based on the August 1989 slope factor for

oral exposure, assuming a 70-kilogram adult drinks 2 liters of contaminated water per day).


e PCB-1260 slope factor was used. 

(3)	 In several situations, an analytical laboratory 
may be able to attain QLs in particular samples 
that are below or above the CRQL values. 

If SAS was not specified before sampling 
began and/or if a chemical is not detected in any 
sample from a particular medium at the QL, then 
available modeling data, as well as professional 
judgment, should be used to evaluate whether the 
chemical may be present above reference 
concentrations.  If the available information indicates 
the chemical is not present, see Section 5.3.5 for 
guidance on eliminating chemicals.  If there is some 
indication that the chemical is present, then either re-
analyze selected samples using SAS, if time allows, 
or address the chemical qualitatively.  In determining 
which option is most appropriate for a site, a 
screening-level risk assessment should be performed 

by assuming that the chemical is present in the 
sample at the SQL (see Section 5.3.4 for situations 
where SQLs are not available).  Carry the chemical 
through the screening risk assessment, essentially 
conducting the assessment on the SQL for the 
particular chemical.  In this way, the risks that would 
be posed if the chemical is present at the SQL can be 
compared with risks posed by other chemicals at the 
site. 

Re-analyze the sample.  This (preferred) option 
discourages elimination of questionable chemicals 
(i.e., chemicals that may be present below their QL 
but above a level of potential concern) from the risk 
assessment.  If time allows and a suffic ient quantity 
of the sample is available, submit a SAS request to 
re-analyze the sample at QLs that are below 
reference concentrations.  The possible outcome of 



       
______________________________________________ 

Page 5-10 

this option is inclusion of chemicals positively 
detected at levels above reference concentrations but 
below the QLs that would normally have been 
attained under routine analysis of Superfund samples 
in the CLP program. 

Address the chemical qualitatively.  A second and 
less desirable option for a chemical that may be 
present below its QL (and possibly above its health-
based reference concentration) is to eliminate the 
chemical from the quantitative risk assessment, 
noting that if the chemical was detected at a lower 
QL, then its presence and concentration could 
contribute significantly to the estimated risks. 

5.3.2 UNUSUALLY HIGH S QLs

         Due to one or more sample-specific problems 
(e.g., matrix interferences), SQLs for a particular 
chemical in some samples may be unusually high, 
sometimes greatly exceeding the positive results 
reported for the same chemical in other samples 
from  the data  set.  Even  if these SQLs do not 

EXAM PLE OF UNUSUALLY HIG H

      QUANTIFICATION LIM ITS


In this example, concentrations of semivolatile organic 
chemicals in soils have been determined using the CLP's RAS.

                      Concentration (ug/kg) 
Chemical   Sample 1  Sample 2  Sample 3  Sample 4 

Phenol  330 Ua	 390 19,000 U  490 

a 

U = Compound was analyzed for, but not detected.  Value
 presented (e.g., 330 U) is the SQL. 

The QLs presented in this example (i.e., 330 to 19,000 ug/kg)
 vary widely from sample to sample.  SAS would not aid in 
reducing the unusually high QL of 19,000 ug/kg noted in 
Sample 3, assuming it was due to unavoidable matrix 
interferences.  In this case, the result for phenol in Sample 3 
would be eliminated from the quantitative risk assessment 
because it would cause the calculated exposure concentrations 
(from Chapter 6) to exceed the maximum detected 
concentration (in this case 490 ug/kg).  Thus, the data set 
would be reduced to three samples:  the non-detect in Sample 1
 and the two detected values in Samples 2 and 4. 

exceed health-based standards or criteria, they may 
still present problems.  If the SQLs cannot be 
reduced by re-analyzing the sample (e.g., through the 
use of SAS or sample cleaning procedures to remove 
matrix interferences), exclude the samples from the 
quantitative risk assessment if they cause the 
calculated exposure concentration (i.e., the 
concentration calculated according to guidance in 
Chapter 6) to exceed the maximum detected con-
centration for a particular sample set.  The box on 
this page presents an example of how to address a 
situation with unusually high QLs. 

5.3.3	 WHEN ONLY SOME 
SAMPLES IN A MEDIUM 
TEST POSITIVE FOR A 
CHEMICAL 

Most analytes at a site are not positively 
detected in each sample collected and analyzed. 
Instead, for a particular chemical the data set 
generally will contain some samples with positive 
results and others with non-detected results.  The 
non-detected results usually are reported as SQLs. 
These limits indicate that the chemical was not 
measured above certain levels, which may vary from 
sample to sample.  The chemical may be present at 
a concentration just below the reported quantitation 
limit, or it may not be present in the sample at all 
(i.e., the concentration in the sample is zero). 

In determining the concentrations most 
representative of potential exposures at the site (see 
Chapter 6), consider the positively detected results 
together with the non-detected results (i.e., the 
SQLs).  If there is reason to believe that the chemical 
is present in a sample at a concentration below the 
SQL, use one-half of the SQL as a proxy 
concentration.  The SQL value itself can be used if 
there is reason to believe the concentration is closer 
to it than to one-half the SQL.  (See the next 
subsection for situations where SQLs are not 
available.)  Unless site-specific information indicates 
that a chemical is not likely to be present in a 
sample, do not substitute the value zero in place of 
the SQL (i.e., do not assume that a chemical that is 
not detected at the SQL would not be detected in the 
sample if the analysis was extremely sensitive). 
Also, do not simply omit the non-detected results 
from the risk assessment. 
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5.3.4     WHEN SQLs ARE NOT AVAILABLE 

A fourth situation concerning QLs may 
sometimes be encountered when evaluating site data. 
For some sites, data summaries may not provide the 
SQLs.  Instead, MDLs, CRQLs, or even IDLs may 
have been substituted wherever a chemical was not 
detected.  Sometimes, no detection or quantitation 
limits may be provided with the data. As a first step 
in these situations, always attempt to obtain the 
SQLs, because these are the most appropriate limits 
to consider when evaluating non-detected chemicals 
(i.e., they account for sample characteristics, sample 
preparation, or analytical adjustments that may differ 
from sample to sample). 

If SQLs cannot be obtained, then, for CLP 
sample analyses, the CRQL should be used as the 
QL of interest for each non-detected chemical, with 
the understanding that these limits may overestimate 
or underestimate the actual SQL.  For samples 
analyzed by methods different from CLP methods, 
the MDL may be used as the QL, with the 
understanding that in most cases this will 
underestimate the SQL (because the MDL is a 
measure of detection limits only and does not 
account for sample characteristics or matrix 
interferences).  Note that the IDL should rarely be 
used for non-detected chemicals since it is a measure 
only of the detection limit for a particular instrument 
and does not consider the effect of sample handling 
and preparation or sample characteristics. 

5.3.5	 WHEN CHEMICALS  ARE NOT 
DETECTED IN ANY SAMPLES IN 
A MEDIUM 

After considering the discussion provided in 
the above subsections, generally eliminate those 
chemicals that have not been detected in any samples 
of a particular medium.  On CLP data reports, these 
chemicals will be designated in each sample with a 
U qualifier preceded by the SQL or CRQL (e.g., 10 
U).  If information exists to indicate that the 
chemicals are present, they should not be eliminated. 
For example, if chemicals with similar transport and 
fate characteristics are detected frequently in soil at 
a site, and some of these chemicals also are detected 
frequently in ground water while the others are not 
detected, then the undetected chemicals are probably 
present in the ground water and therefore may need 

to be included in the risk assessment as ground-water 
contaminants. 

The outcome of this step is a data set that 
only contains chemicals for which positive data (i.e., 
analytical results for which measurable 
concentrations are reported) are available in at least 
one sample from each medium.  Unless otherwise 
indicated, assume at this point in the evaluation of 
data that positive data to which no uncertainties are 
attached concerning either the assigned identity of 
the chemical or the reported concentration  (i.e., data 
that are not "tentative," "uncertain," or "qualitative") 
are appropriate for use in the quantitative risk 
assessment. 

5.4 	EVALUATION OF QUALIFIED 
AND CODED DATA 

For CLP analytical results, various 
qualifiers and codes (hereafter referred to as 
qualifiers) are attached to certain data by either the 
laboratories conducting the analyses or by persons 
performing data validation.  These qualifie rs often 
pertain to QA/QC problems and generally indicate 
questions concerning chemical identity, chemical 
concentration, or both.  Al l qualifiers must be 
addressed before the chemical can be used in 
quantitative risk assessment. Qualifie rs used by the 
laboratory may differ from those used by data 
validation personnel in either identity or meaning. 

5.4.1 TYPES OF QUALIFIERS 

A list of the qualifie rs that laboratories 
are permitted to use under the CLP -- and their 
potential use in risk assessment -- is presented in 
Exhibit 5-4.  A similar list addressing data validation 
qualifie rs is provided in Exhibit 5-5.  In general, 
because the data validation process is intended to 
assess the effect of QC issues on data usability , 
validation data qualifie rs are attached to the data 
after the laboratory qualifiers and supersede the 
laboratory qualifiers.  If data have both laboratory 
and validation qualifie rs and they appear 
contradictory, ignore the laboratory qualifier and 
consider only the validation qualifie r.  If qualifie rs 
have been attached to certain data by the laboratory 
and have not been removed, revised, or superseded 
during data validation, then evaluate the 
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EXHIBIT 5-4


CLP LABORATORY DATA QUALIFIERS AND THEIR POTENTIAL USE

IN QUANTITATIVE RISK ASSESSMENT


                                                           Indicates:          
                                                  Uncertain       Uncertain      Include Data in Quantitative 
Qualifier  Definition                         Identity?  Concentration?         Risk Assessment? 

Inorganic Chemical Data:a

 B	 Reported value is     No No Yes

<CRDL, but >IDL.


 U	 Compound was analyzed for, Yes Yes ?

but not detected.


 E	 Value is estimated due to No Yes Yes

matrix interferences.


 M	 Duplicate injection precision No Yes Yes

criteria not met.


 N	 Spiked sample recovery not No Yes Yes

within control limits.


 S	 Reported value was determined No No Yes

by the Method of Standard

Additions (MSA).


  W Post-digestion spike for furnace No Yes Yes

AA analysis is out of control

limits, while sample absorbance

is <50% of spike absorbance.


 *	 Duplicate analysis was not No Yes Yes

within control limits.


 +	 Correlation coefficient for  No Yes Yes 
MSA was <0.995. 

Organic Chemical Data:b 

U Compound was analyzed for, Yes Yes ?but not 
detected. (continued) 
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EXHIBIT 5-4 (continued)


CLP LABORATORY DATA QUALIFIERS AND THEIR POTENTIAL USE

IN QUANTITATIVE RISK ASSESSMENT


___

                                                           Indicates:          
                                                  Uncertain       Uncertain      Include Data in Quantitative 
Qualifier  Definition                         Identity?  Concentration?         Risk Assessment? 
_________________________________________________________________________________________ 
___ 

J Value is estimated, No, for Yes ? 
either for a tentatively   TCL chem-
identified compound (TIC)   icals; 
or when a compound is present 
(spectral identification Yes, for 
criteria are met, but the   TICs 
value is <CRQL). 

C Pesticide results were No No Yes 
confirmed by GC/MS. 

B Analyte found in associated No Yes Yes 
blank as well as in sample.c 

E Concentration exceeds No Yes Yes 
calibration range of 
GC/MS instrument. 

D Compound identified in an No No Yes 
analysis at a secondary 
dilution factor. 

A The TIC is a suspected aldol- Yes Yes No 
condensation product. 

X Additional flags defined -- -- --
separately. 

-- = Data will vary with laboratory conducting analyses.

a Source:  EPA 1988b. 

b c Source:  EPA 1988c. See Section 5.5 for guidance concerning blank contamination. 
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EXHIBIT 5-5


VALIDATION DATA QUALIFIERS AND THEIR

POTENTIAL USE IN QUANTITATIVE RISK ASSESSMENT


___

                                                          Indicates:         
                                                  Uncertain       Uncertain      Include Data in Quantitative 
Qualifier  Definition                         Identity?  Concentration?         Risk Assessment? 
_________________________________________________________________________________________ 
___ 

Inorganic and Organic Chemical Data:a 

U The material was analyzed Yes Yes ? 
for, but not detected.  The 
associated numerical value 
is the SQL. 

J The associated numerical No Yes Yes 
value is an estimated quantity. 

R Quality control indicates that Yes Yes No 
the data are unusable (compound 
may or may not be present).  
Re-sampling and/or re-analysis is 
necessary for verification. 

Z No analytical result (inorganic -- -- --
data only). 

Q No analytical result (organic -- -- --
data only). 

N Presumptive evidence of Yes Yes ? 
presence of material (tentative 
identification).b 

-- = Not applicable

a  Source:  EPA 1988d,e. 

b Organic chemical data only. 
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laboratory qualifier itself.  If it is unclear whether 
the data have been validated, contact the 
appropriate data validation and/or laboratory 
personnel. 

The type of qualifier and other site-specific 
factors determine how qualified data are to be 
used in a risk assessment.  As seen in Exhibits 5
4 and 5-5, the type of qualifier attached to certain 
data often indicates how that data should be used 
in a risk assessment.  For example, most of the 
laboratory qualifiers for both inorganic chemical 
data and organic chemical data (e.g., J, E, N) 
indicate uncertainty in the reported concentration 
of the chemical, but not in its assigned identity. 
Therefore, these data can be used just as positive 
data with no qualifiers or codes. In general, 
include data with qualifiers that indicate 
uncertainties in concentrations but not in 
identification. 

Examples showing the use of certain 
qualified data are presented in the next two boxes. 
The first box addresses the J qualifier, the most 
commonly encountered data qualifier in Superfund 
data packages.  Basically, the guidance here is to 
use  J-qualified concentrations the same way as 
positive data that do not have this qualifier. If 
possible, note potential uncertainties associated 
with the qualifier, so that if data qualified with a J 
contribute significantly to the risk, then 
appropriate caveats can be attached. 

EXAMPLE OF J QUALIFIERS 
In this example, concentrations of volatile organic 

chemicals in ground water have been determined using the 
CLP's RAS.

 Concentration (ug/L) 
Chemical Sample 1 Sample 2 Sample 3 Sample 4 
Tetrachloro
ethene 14,000 Ja 40 30 Ub 20 J 

a J = The numerical value is an estimated quantity. 
b U = Compound was analyzed for, but not detected.  Value 
presented (e.g., 30 U) is the SQL.

 Tetrachlorethene was detected in three of four samples at 
concentrations of 14,000 µg/1, 40 µg/1, and 20 ug/1; 
therefore, these concentrations -- as well as the non-detect 
-- should be used in determining representative 
concentrations. 

An illustration of the use of R-qualified data 
is presented in the box in this column.  The 
definition, and therefore the use of the R qualifier, 
differs depending on whether the data have been 
validated or not.  (Note that the CLP formerly used 
R as a laboratory qualifier to indicate low spike 
recovery for inorganics.  This has been changed, 
but older data may still have been qualified by the 
laboratory with an R.)  If it is known that the R 
data qualifier indicates that the sample result was 
rejected by the data validation personnel, then this 
result should be eliminated from the risk 
assessment; if the R data qualifier was placed on 
the data to indicate estimated data due to low spike 
recovery (i.e., the R  was placed on the data by 
the  laboratory and not by the validator), then use 
the R-qualified data in a manner similar to the use 
of J-qualified data (i.e., use the R-qualified 
concentrations the same way as positive data that 
do not have this qualifier).  If possible, note 
whether the R-qualified data are overestimates or 
underestimates of actual expected chemical 
concentrations so that appropriate caveats may be 
attached if data qualified with an R contribute 
significantly to the risk. 

EXAMPLE OF VALIDATED DATA 
CONTAINING R QUALIFIERS

 In this example, concentrations of inorganic chemicals in 
ground water have been determined using the CLP's RAS.

 Concentration (ug/L) 
Chemical Sample 1 Sample 2 Sample 3 Sample 4 

Manganese 310 500 Ra 30 URb 500 

a  R = Quality control indicates that the data are unusable 
(compound may or may not be present). 

b U = Compound was analyzed for, but not detected.  Value 
presented (e.g., 30 U) is the SQL.

  These data have been validated, and therefore the R 
qualifiers indicate that the person conducting the data 
validation rejected the data for manganese in Samples 2 and 
3. The "UR" qualifier means that manganese was not 
detected in Sample 3; however, the data validator rejected 
the non-detected result.  Eliminate these two samples so that 
the data set now consists of only two samples (Samples 1 
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5.4.2 	USING THE APPROPRIATE
 QUALIFIERS 

The information presented in Exhibits 5-4 
and 5-5 is based on the most recent EPA guidance 
documents concerning qualif iers:  the SOW for 
Inorganics and the SOW for Organics (EPA 
1988b,c) for laboratory qualifiers, and the 
Functional Guidelines for Inorganics and the 
Functional Guidelines for Organics (EPA 1988d,e) 
for validation qualifiers. The types and definitions 
of qualifiers, however, may be periodically updated 
within the CLP program.  In addition, certain EPA 
regions may have their own data qualifie rs and 
associated definitions. These regional qualifiers 
are generally consistent with the Functional 
Guidelines, but are designed to convey additional 
information to data users. 

In general, the risk assessor should check 
whether the information presented in this section is 
current by contacting the appropriate regional CLP 
or headquarters Analytical Operations Branch staff. 
Also, if definitions are not reported with the data, 
regional contacts should be consulted prior to 
evaluating qualified data.  These variations may 
affect how data with certain qualifiers should be 
used in a risk assessment.  Make sure that 
definitions of data qualifiers used in the data set for 
the site have been reported with the data and are 
current.  Never guess about the definition of 
qualifie rs. 

5.5	 COMPARISON OF 
CONCENTRATIONS 
DETECTED IN BLANKS  WITH 
CONCENTRATIONS 
DETECTED IN SAMPLES 

Blank samples provide a measure of 
contamination that has been introduced into a 
sample set either (1) in the field while the samples 
were being collected or transported to the 
laboratory or (2) in the laboratory during sample 

preparation or analysis.  To prevent the inclusion 
of non-site-related contaminants in the risk 
assessment, the concentrations of chemicals 
detected in blanks must be compared with 
concentrations of the same chemicals detected in 
site samples. Detailed definitions of different types 
of blanks are provided in the box on the next page. 

Blank data should be compared with results 
from samples with which the blanks are associated. 
It is often impossible, however, to determine the 
association between certain blanks and data.  In 
this case, compare the blank data with results from 
the entire sample data set.  Use the guidelines in 
the following paragraphs when comparing sample 
concentrations with blank concentrations. 

Blanks containing common laboratory 
contaminants.  As discussed in the CLP SOW for 
Organics (EPA 1988c) and the Functional 
Guidelines for Organics (EPA 1988e), acetone, 2-
butanone (or methyl ethyl ketone), methylene 
chloride, toluene, and the phthalate esters are 
considered by EPA to be common laboratory 
contaminants.  In accordance with the Functional 
Guidelines for Organics (EPA 1988e) and the 
Functional Guidelines for Inorganics (EPA 1988d), 
if the blank contains detectable levels of common 
laboratory contaminants, then the sample results 
should be considered as positive results only if the 
concentrations in the sample exceed ten times the 
maximum amount detected in any blank. If the 
concentration of a common laboratory contaminant 
is less than ten times the blank concentration, then 
conclude that the chemical was not detected in the 
particular sample and, in accordance with EPA 
guidance, consider the blank-related concentrations 
of the chemical to be the quantitation limit for the 
chemical in that sample.  Note that if all samples 
contain levels of a common laboratory contaminant 
that are less than ten times the level of 
contamination noted in the blank, then completely 
eliminate that chemical from the set of sample 
results. 
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TYPES OF BLANKS 

Blanks are analytical quality control samples analyzed in the same manner as site samples.  They are used in the measurement 
of contamination that has been introduced into a sample either (1) in the field while the samples were being collected or transported to the 
laboratory or (2) in the laboratory during sample preparation or analysis.  Four types of blanks -- trip, field, laboratory calibration, and 
laboratory reagent (or method) -- are described below.  A discussion on the water used for the blank also is provided. 

Trip Blank.  This type of blank is used to indicate potential contamination due to migration of volatile organic chemicals (VOCs) 
from the air on the site or in sample shipping containers, through the septum or around the lid of sampling vials, and into the sample.  A trip 
blank consists of laboratory distil led, deionized water in a 40-ml glass vial sealed with a teflon septum.  The blank accompanies the empty 
sample bottles to the field as well as the samples returning to the laboratory for analysis; it is not opened until it is analyzed in the lab with 
the actual site samples.  The containers and labels for trip blanks should be the same as the containers and labels for actual samples, thus 
making the laboratory "blind" to the identity of the blanks. 

Field Blank.  A field blank is used to determine if certain field sampling or cleaning procedures (e.g., insufficient cleaning of 
sampling equipment) result in cross-contamination of site samples.  Like the trip blank, the field blank is a sample of distill ed, deionized water 
taken to the field with empty sample bottles and is analyzed in the laboratory along with the actual samples.  Unlike the trip blank, however, 
the field blank sample is opened in the field and used as a sample would be (e.g., it is poured through cleaned sampling equipment or it is 
poured from container to container in the vicinity of a gas-powered pump).  As with trip blanks, the field blanks' containers and labels should 
be the same as for actual samples. 

Laboratory Calibration Blank. This type of blank is distilled, deionized water injected directly into an instrument without having 
been treated with reagents appropriate to the analytical method used to analyze actual site samples.  This type of blank is used to indicate 
contamination in the instrument itself, or possibly in the distil led, deionized water. 

Laboratory Reagent or Method Blank. This blank results from the treatment of distil led, deionized water with all of the reagents 
and manipulations (e.g., digestions or extractions) to which site samples will be subjected.  Positive results in the reagent blank may indicate 
either contamination of the chemical reagents or the glassware and implements used to store or prepare the sample and resulting solutions. 
Although a laboratory following good laboratory practices will have its analytical processes under control, in some instances method blank 
contamination cannot be entirely eliminated. 

Water Used for Blanks. For all the blanks described above, results are reliable only if the water comprising the blank was clean. 
For example, if the laboratory water comprising the trip blank was contaminated with VOCs prior to being taken to the field, then the source 
of VOC contamination in the trip blank cannot be isolated (see laboratory calibration blank). 

Blanks containing chemicals that are not 
common laboratory contaminants.  As discussed 
in the previously referenced guidance, if the blank 
contains detectable levels of one or more organic 
or inorganic chemicals that are not considered by 
EPA to be common laboratory contaminants (e.g., 
all other chemicals on the TCL), then consider site 
sample results as positive only if the concentration 
of the chemical in the site sample exceeds five 
times the maximum amount detected in any blank. 
Treat samples containing less than five times the 
amount in any blank as non-detects and, in 
accordance with EPA guidance, consider the 
blank-related chemical concentration to be the 
quantitation limit for the chemical in that sample. 
Again, note that if all samples contain levels of a 

TCL chemical that are less than five times the level 
of contamination noted in the blank, then 
completely eliminate that chemical from the set of 
sample results. 

5.6	 EVALUATION OF 
TENTATIVELY IDENTIF IED 
COMPOUNDS 

Both the identity and reported concentration of a 
tentatively identified compound (TIC) is 
questionable (see the box on the next page for 
background on TICs).  Two options for addressing 
TICs exist, depending on the relative number of 
TICs compared to non-TICs. 
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5.6.1 WHEN FEW TICs ARE PRESENT 

When only a few TICs are present compared 
to the TAL and TCL chemicals, and no historical 
or other site information indicates that either a 
particular TIC may indeed be present at the site 
(e.g., because it may be a by-product of a chemical 
operation conducted when the site was active) or 
that the estimated concentration may be very high 
(i.e., the risk would be dominated by the TIC), 
then generally do not include the TICs in the risk 
assessment.  Otherwise, follow the guidance 
provided in the next subsection.  Consult with the 
RPM about omitting TICs from the quantitative 

TENTATIVELY IDENTIF IED

COMPOUNDS


EPA's TCL may be a limited subset of the 
organic compounds that could actually be encountered at a 
particular site. Thus, although the CLP RAS requires the 
laboratory to analyze samples only for compounds on the 
TCL, the analysis of VOCs and SVOCs may indicate the 
presence of additional organic compounds not on the TCL. 
These additional compounds are shown by "peaks" on the 
chromatograms.  (A chromatogram is a paper 
representation of the response of the instrument to the 
presence of a compound.)  The CLP laboratory must 
attempt to identify the 30 highest peaks (10 VOCs and 20 
SVOCs) using computerized searches of a library 
containing mass spectra (essentially "fingerprints" for 
particular compounds).  When the mass spectra match to 
a certain degree, the compound (or general class of 
compound) is named; however, the assigned identity is in 
most cases highly uncertain.  These compounds are called 
tentatively identified compounds (TICs). 

The CLP SOW provides procedures to obtain 
a rough estimate of concentration of TICs.  These 
estimates, however, are highly uncertain and could be 
orders of magnitude higher or lower than the actual 
concentration.  For TICs, therefore, assigned identities may 
be inaccurate, and quantitation is certainly inaccurate.  Due 
to these uncertainties, TIC information often is not 
provided with data summaries from site investigations. 
Additional sampling and analysis under SAS may reduce 
the uncertainty associated with TICs and, therefore, TIC 
information should be sought when it is absent from data 
summaries. 

risk assessment, and document reasons for 
excluding TICs in the risk assessment report. 

5.6.2	 WHEN MANY TICs ARE 
PRESENT 

If many TICs are present relative to the TAL 
and TCL compounds identified, or if TIC 
concentrations appear high or site information 
indicates that TICs are indeed present, then further 
evaluation of TICs is necessary.  If suffic ient time 
is available, use SAS to confirm the identity and to 
positively and reliably measure the concentrations 
of TICs prior to their use in the risk assessment.  If 
SAS methods to identify and measure TICs are 
unavailable, or if there is insuffic ient time to use 
SAS, then the TICs should be included as 
chemicals of potential concern in the risk 
assessment and the uncertainty in both identity and 
concentration should be noted (unless information 
exists to indicate that the TICs are not present). 

5.7	 COMPARISON OF SAMPLES 
WITH BACKGROUND 

In some cases, a comparison of sample 
concentrations with background concentrations 
(e.g., using the geometric mean concentrations of 
the two data sets) is useful for identifying the non-
site-related chemicals that are found at or near the 
site.  If background risk might be a concern, it 
should be calculated separately from site-related 
risk.  Often, however, the comparison of samples 
with background is unnecessary because of the low 
risk usually posed by the background chemicals 
compared to site-related chemicals. 

As discussed in Chapter 4, information 
collected during the RI can provide information on 
two types of background chemicals:  (1) naturally 
occurring chemicals that have not been influenced 
by humans and (2) chemicals that are present due to 
anthropogenic sources.  Either type of background 
chemical can be either localized or ubiquitous. 

Information on background chemicals may 
have been obtained by the collection of site-specific 
background samples and/or from other sources 
(e.g., County Soil Conservation Service surveys, 
United States Geological Survey [USGS] reports). 
As discussed in Chapter 4, background 
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concentrations should be from the site or the 
vicinity of the site. 

5.7.1	 USE APPROPRIATE 
BACKGROUND DATA 

Background samples collected during the 
site investigation should not be used if they were 
obtained from areas influenced or potentially 
influenced by the site.  Instead, the literature 
sources mentioned in the previous paragraph may 
be consulted to determine background levels of 
chemicals in the vicinity of the site.  Care must be 
taken in using literature sources, because the data 
contained therein might represent nationwide 
variation in a particular parameter rather than 
variation typical of the geographic region or 
geological setting in which the site is located. For 
example, a literature source providing 
concentrations of chemicals in ground water on a 
national scale may show a wide range of 
concentrations that is not representative of the 
variation in concentrations that would be expected 
at a particular site. 

5.7.2 IDENTIFY STATISTICAL METHODS 

In cases where background comparisons will be 
made, any statistical methods that will be used 
should be identified prior to the collection of 
samples (see Chapter 4).  Guidance documents and 
reports that are available to aid in background 
comparison are listed in Section 4.4.3.  Prior to 
conducting the steps discussed in the next two 
subsections, the RPM should be consulted to 
determine the type of comparison to be made, if 
any.  Both a justification for eliminating chemicals 
based on a background comparison and a brief 
overview of the type of comparison conducted 
should be included in the risk assessment report. 

5.7.3 	 COMPARE CHEMICAL 
CONCENTRATIONS  WITH   
NATURALLY OCCURRING 
LEVELS 

As defined previously, naturally occurring 
levels are levels of chemicals that are present 
under ambient conditions and that have not been 
increased by anthropogenic sources. If inorganic 
chemicals are present at the site at naturally 

occurring levels, they may be eliminated from the 
quantitative risk assessment.  In some cases, 
however, background concentrations may present 
a significant risk, and, while cleanup may or may 
not eliminate this risk, the background risk may be 
an important site characteristic to those exposed. 
The RPM will always have the option to consider 
the risk posed by naturally occurring background 
chemicals separately. 

In general, comparison with naturally 
occurring levels is applicable only to inorganic 
chemicals, because the majority of organic 
chemicals found at Superfund sites are not naturally 
occurring (even though they may be ubiquitous). 
The presence of organic chemicals in background 
samples collected during a site investigation 
actually may indicate that the sample was collected 
in an area influenced by site contamination and 
therefore does not qualify as a true background 
sample. Such samples should instead be included 
with other site samples in the risk assessment. 
Unless a very strong case can be made for the 
natural occurrence of an organic chemical, do not 
eliminate it from the quantitative risk assessment 
for this reason. 

5.7.4	 COMPARE CHEMICAL 
CONCENTRATIONS  WITH 
ANTHROPOGENIC LEVELS 

Anthropogenic levels are ambient 
concentrations resulting from human (non-site) 
sources. Localized anthropogenic background is 
often caused by a point source such as a nearby 
factory. Ubiquitous anthropogenic background is 
often from nonpoint sources such as automobiles. 
In general, do not eliminate anthropogenic 
chemicals because, at many sites, it is extremely 
difficult to conclusively show at this stage of the 
site investigation that such chemicals are present at 
the site due to operations not related to the site or 
the surrounding area. 

Often, anthropogenic background chemicals 
can be identified and considered separately during 
or at the end of the risk assessment.  These 
chemicals also can be omitted entirely from the risk 
assessment, but, as discussed for natural 
background, they may present a significant risk. 
Omitting anthropogenic background chemicals 
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from the risk assessment could result in the loss of 
important information for those potentially 
exposed. 

5.8 DEVELOPMENT OF A SET OF 
CHEMICAL DATA AND 
INFORMATION FOR USE IN 
THE RISK ASSESSMENT 

After the evaluation of data is complete as 
specified in previous sections, a list of the samples 
(by medium) is made that will be used to estimate 
exposure concentrations, as discussed in Chapter 
6 of this guidance.  In addition, as shown in the 
flowchart in Exhibit 5-1, a list of chemicals of 
potential concern (also by medium) will be needed 
for the quantitative risk assessment.  This list 
should include chemicals that were: 

(1)	 positively detected in at least one CLP 
sample (RAS or SAS) in a given 
medium, including (a) chemicals with 
no qualifiers attached (excluding 
samples with unusually high detection 
limits), and (b) chemicals with 
qualifiers attached that indicate known 
identities but unknown concentrations 
(e.g., J-qualified data); 

(2)	 detected at levels significantly elevated 
above levels of the same chemicals 
detected in associated blank samples; 

(3)	 detected at levels significantly elevated 
above naturally occurring levels of the 
same chemicals; 

(4)	 only tentatively identified but either 
may be associated with the site based 
on historical information or have been 
confirmed by SAS; and/or 

(5)	 transformation products of chemicals 
demonstrated to be present. 

Chemicals that were not detected in samples 
from a given medium (i.e., non-detects) but that 
may be present at the site also may be included in 
the risk assessment if an evaluation of the risks 
potentially present at the detection limit is desired. 

5.9 FURTHER REDUCTION IN THE 
NUMBER OF CHEMICALS 
(OPTIONAL ) 

For certain sites, the list of potentially site-
related chemicals remaining after quantitation 
limits, qualifie rs, blank contamination, and 
background have been evaluated may be lengthy. 
Carrying a large number of chemicals through a 
quantitative risk assessment may be complex, and 
it may consume significant amounts of time and 
resources.  The resulting risk assessment report, 
with its large, unwieldy tables and text, may be 
diffi cult to read and understand, and it may distract 
from the dominant risks presented by the site.  In 
these cases, the procedures discussed in this section 
-- using chemical classes, frequency of detection, 
essential nutrient information, and a concentration-
toxicity screen -- may be used to further reduce the 
number of chemicals of potential concern in each 
medium. 

If conducting a risk assessment on a large 
number of chemicals is feasible (e.g., because of 
adequate computer capability ), then the procedures 
presented in this section should not be used. 
Rather, the most important chemicals (e.g., those 
presenting 99 percent of the risk) -- identified after 
the risk assessment -- could be presented in the 
main text of the report, and the remaining 
chemicals could be presented in the appendices. 

5.9.1 	CONDUCT INITIAL ACTIVITIES 

Several activities must be conducted before 
implementing any of the procedures described in 
this section: (1) consult with the RPM; (2) consider 
how the rationale for the procedure should be 
documented; (3) examine historical information on 
the site; (4) consider concentration and toxicity of 
the chemicals; (5) examine the mobility , 
persistence, and bioaccumulation potential of the 
chemicals; (6) consider special exposure routes; (7) 
consider the treatability  of the chemicals; (8) 
examine applicable or relevant and appropriate 
requirements (ARARs); and (9) examine the need 
for the procedures.  These activities are described 
below. 

Consultation with the RPM.  If a large number 
of chemicals are of potential concern at a particular 
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site, the RPM should be consulted.  Approval by 
the RPM must be obtained prior to the elimination 
of chemicals based on any of these procedures. 
The concentration-toxicity screen in particular may 
be needed only in rare instances. 

Documentation of rationale. The rationale for 
eliminating chemicals from the quantitative risk 
assessment based on the procedures discussed 
below must be clearly stated in the risk assessment 
report. This documentation, and its possible 
defense at a later date, could be fairly resource-
intensive.  If a continuing need to justify this step 
is expected, then any plans to eliminate chemicals 
should be reconsidered. 

Historical information. Chemicals reliably 
associated with site activities based on historical 
information generally should not be eliminated 
from the quantitative risk assessment, even if the 
results of the procedures given in this section 
indicate that such an elimination is possible. 

Concentration and toxicity. Certain aspects of 
concentration and toxicity of the chemicals also 
must be considered prior to eliminating chemicals 
based on the results of these procedures.  For 
example, before eliminating potentially 
carcinogenic chemicals, the weight-of-evidence 
classification should be considered in conjunction 
with the concentrations detected at the site.  It may 
be practical and conservative to retain a chemical 
that was detected at low concentrations if that 
chemical is a Group A carcinogen.  (As discussed 
in detail in Chapter 7, the weight-of-evidence 
classification is an indication of the quality and 
quantity of data underlying a chemical's 
designation as a potential human carcinogen.) 

Mobility , persistence, and bioaccumulation. 
Three factors that must be considered when 
implementing these procedures are the mobility , 
persistence, and bioaccumulation of the chemicals. 
For example, a highly volatile (i.e., mobile) 
chemical such as benzene, a long-lived (i.e., 
persistent) chemical such as dioxin, or a readily 
taken-up and concentrated (i.e., bioaccumulated) 
chemical such as DDT, probably should remain in 
the risk assessment.  These procedures do not 
explicitly include a mobility , persistence, or 

bioaccumulation component, and therefore the risk 
assessor must pay special attention to these factors. 

Special exposure routes. For some chemicals, 
certain exposure routes need to be considered 
carefully before using these procedures.  For 
example, some chemicals are highly volatile and 
may pose a significant inhalation risk due to the 
home use of contaminated water, particularly for 
showering. The procedures described in this 
section may not account for exposure routes such as 
this. 

Treatability . Some chemicals are more diffi cult 
to treat than others and as a result should remain as 
chemicals of potential concern because of their
importance during the selection of remedial 
alternatives. 

 ARARs. Chemicals with ARARs (including 
those relevant to land ban compliance) usually are 
not appropriate for exclusion from the quantitative 
risk assessment based on the procedures in this 
section.  This may, however, depend in part on how 
the chemicals' site concentrations in specific media 
compare with their ARAR concentrations for these 
media. 

Need for procedures. Quantitative evaluation of 
all chemicals of potential concern is the most 
thorough approach in a risk assessment.  In 
addition, the time required to implement and defend 
the selection procedures discussed in this section 
may exceed the time needed to simply carry all the 
chemicals of potential concern through the risk 
assessment.  Usually, carrying all chemicals of 
potential concern through the risk assessment will 
not be a difficult task, particularly given the 
widespread use of computer spreadsheets to 
calculate exposure concentrations of chemicals and 
their associated risks.  Al though the tables that 
result may indeed be large, computer spreadsheets 
significantly increase the ability  to evaluate a 
number of chemicals in a relatively short period of 
time. For these reasons, the procedures discussed 
here may be needed only in rare instances.  As 
previously stated, the approval of these procedures 
by the RPM must be obtained prior to 
implementing any of these optional screening 
procedures at a particular site. 
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5.9.2	 GROUP CHEMICALS  BY CLASS and (3) there is no reason to believe that the 
chemical may be present.  Available modeling 

At times, toxicity values to be used in results may indicate whether monitoring data that 
characterizing risks are available only for certain show infrequently detected chemicals are 
chemicals within a chemical class.  For example, representative of only their sampling locations or of 
of the polycyclic aromatic hydrocarbons (PAHs) broader areas. Because chemical concentrations at 
considered to be potential carcinogens, a slope a site are spatially variable, the risk assessor can 
factor currently is available (i.e., as this manual use modeling results to project infrequently 
went to press) for benz(a)pyrene only.  In these detected chemical concentrations over broader 
cases, rather than eliminating the other chemicals areas when determining whether the subject 
within the class from quantitative evaluation chemicals are relevant to the overall risk 
because of a lack of toxicity values, it may be assessment. Judicious use of modeling to 
useful to group data for such a class of chemicals supplement available monitoring data often can 
(e.g., according to structure-activity relationships minimize the need for the RPM to resort to 
or other similarities) for consideration in later arbitrarily setting limits on inclusion of infrequently 
sections of the risk assessment. For example, the detected chemicals in the risk assessment.  Any 
concentrations of only one group of chemicals detection frequency limit to be used (e.g., five 
(e.g., carcinogenic PAHs) would be considered percent) should be approved by the RPM prior to 
rather than concentrations of each of the seven using this screen.  If, for example, a frequency of 
carcinogenic PAHs currently on the TCL. detection limit of five percent is used, then at least 

20 samples of a medium would be needed (i.e., one 
To group chemicals by class, concentrations detect in 20 samples equals a five percent 

of chemicals within each class are summed frequency of detection). 
according to procedures discussed in Chapter 6 of 
this guidance.  Later in the risk assessment, this In addition to available monitoring data and 
chemical class concentration would be used to modeling results, the risk assessor will need to 
characterize risk using toxicity values (i.e., RfDs consider other relevant factors (e.g., presence of 
or slope factors) associated with one of the sensitive subpopulations) in recommending 
chemicals in the particular class. appropriate site-specific limits on inclusion of

infrequently detected chemicals in the quantitative 
    Three notes of caution when grouping chemicals risk assessment. For example, the risk assessor 
should be considered:  (1) do not group solely by should consider whether the chemical is expected 
toxicity characteristics; (2) do not group all to be present based on historical data or any other 
carcinogenic chemicals or all noncarcinogenic relevant information (e.g., known degradation 
chemicals without regard to structure-activity or products of chemicals present at the site, modeling 
other chemical similarities; and (3) discuss in the results).  Chemicals expected to be present should 
risk assessment report that grouping can produce not be eliminated. (See the example of chemicals 
either over- or under-estimates of the true risk. with similar transport and fate characteristics in 

Section 5.3.5.) 
5.9.3	 EVALUATE FREQUENCY OF 

DETECTION The reported or modeled concentrations and 
locations of chemicals should be examined to check 

Chemicals that are infrequently detected may for hotspots, which may be especially important for 
be artifacts in the data due to sampling, analytical, short-term exposures and which therefore should 
or other problems, and therefore may not be not be eliminated from the risk assessment. Always 
related to site operations or disposal practices. consider detection of particular chemicals in all 
Consider the chemical as a candidate for sampled media because some media may be 
elimination from the quantitative risk assessment sources of contamination for other media.  For 
if: (1) it is detected infrequently in one or perhaps example, a chemical that is infrequently detected in 
two environmental media, (2) it is not detected in soil (a potential ground-water contamination 
any other sampled media or at high concentrations, source) probably should not be eliminated as a site 
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contaminant if the same chemical is frequently 
detected in ground water.  In addition, infrequently 
detected chemicals with concentrations that greatly 
exceed reference concentrations should not be 
eliminated. 

5.9.4   EVALUATE ESSENTIAL NUTRIENTS 

Chemicals that are (1) essential human 
nutrients, (2) present at low concentrations (i.e., 
only slightly elevated above naturally occurring 
levels), and (3) toxic only at very high doses (i.e., 
much higher than those that could be associated 
with contact at the site) need not be considered 
further in the quantitative risk assessment. 
Examples of such chemicals are iron, magnesium, 
calcium, potassium, and sodium. 

Prior to eliminating such chemicals from the 
risk assessment, they must be shown to be present 
at levels that are not associated with adverse health 
effects. The determination of acceptable dietary 
levels for essential nutrients, however, often is 
very difficult.  Literature values concerning 
acceptable dietary levels may conflict and may 
change fairly often as new studies are conducted. 
For example, arsenic -- a potential carcinogen -- is 
considered by some scientists to be an essential 
nutrient based on animal experiments; however, 
acceptable dietary levels are not well known (EPA 
1988f).  Therefore, arsenic should be retained in 
the risk assessment, even though it may be an 
essential nutrient at undefined dietary levels. 
Another example of a nutrient that is diffi cult to 
characterize is sodium.  Al though an essential 
element in the diet, certain levels of sodium may 
be associated with blood pressure effects in some 
sensitive individuals (although data indicating an 
association between sodium in drinking water and 
hypertension are inadequate [EPA 1987]). 

Another problem with determining 
acceptable dietary levels for essential nutrients is 
that nutrient levels often are presented in the 
literature as concentrations within the human body 
(e.g., blood levels).  To identify an essential 
nutrient concentration to be used for comparison 
with concentrations in a particular medium at a 
site, blood (or other tissue) levels of the chemical 
from the literature must be converted to 

concentrations in the media of concern for the site 
(e.g., soil, drinking water). 

For these reasons, it may not be possible to 
compare essential nutrient concentrations with site 
concentrations in order to eliminate essential 
nutrient chemicals.  In general, only essential 
nutrients present at low concentrations (i.e., only 
slightly elevated above background) should be 
eliminated to help ensure that chemicals present at 
potentially toxic concentrations are evaluated in the 
quantitative risk assessment. 

5.9.5	 USE A CONCENTRATION- 
TOXICITY S CREEN 

The objective of this screening procedure is to 
identify the chemicals in a particular medium that --
based on concentration and toxicity -- are most 
likely to contribute significantly to risks calculated 
for exposure scenarios involving that medium, so 
that the risk assessment is focused on the "most 
significant" chemicals. 

Calculate individual chemical scores.  Two of 
the most important factors when determining the 
potential effect of including a chemical in the risk 
assessment are its measured concentrations at the 
site and its toxicity.  Therefore, in this screening 
procedure, each chemical in a medium is first 
scored according to its concentration and toxicity to 
obtain a risk factor (see the box below).  Separate 
scores are calculated for each medium being 
evaluated. 

INDIVIDUAL CHEM ICAL SCORES

         Rij = (C )(T )ij ij 

where:

 Rij  = risk factor for chemical i in

           medium j;


 Cij  = concentration of chemical i in

          medium j; and


 Tij  = toxicity value for chemical i in

          medium j (i.e., either the slope

          factor or 1/RfD).
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The units  for the risk factor Rij depend on 
the medium being screened.  In general, the 
absolute units do not matter, as long as units 
among chemicals in a medium are the same.  To be 
conservative, the concentration used in the above 
equation should be the maximum detected 
concentration determined according to procedures 
discussed in Chapter 6, and toxicity values should 
be obtained in accordance with the procedures 
discussed in Chapter 7. 

Chemicals without toxicity values cannot be 
screened using this procedure.  Such chemicals 
should always be discussed in the risk assessment 
as chemicals of potential concern; they should not 
be eliminated from the risk assessment.  Guidance 
concerning chemicals without toxicity values is 
provided in Chapter 7. 

For some chemicals, both oral and inhalation 
toxicity values are available.  In these cases, the 
more conservative toxicity values (i.e., ones 
yielding the larger risk factor when used in the 
above equation) usually should be used.  If only 
one exposure route is likely for the medium being 
evaluated, then the toxicity values corresponding to 
that exposure route should be used. 

Calculate total chemical scores (per medium). 
Chemical-specific risk factors are summed to 
obtain the total risk factor for all chemicals of 
potential concern in a medium (see the box on this 
page).  A separate Rj  will be calculated for 
carcinogenic and noncarcinogenic effects.  The 
ratio of the risk factor for each chemical to the total 
risk factor (i.e., R /R ) approximates the relative ij j 

risk for each chemical in medium j. 

Eliminate chemicals.  After carefully considering 
the factors discussed previously in this subsection, 
eliminate from the risk assessment chemicals with 
R /R ratios that are very low compared with theij j 

ratios of other chemicals in the medium.  The RPM 
may wish to specify a limit for this ratio (e.g., 0.01; 
a lower fraction would be needed if site risks are 
expected to be high).  A chemical that contributes 
less than the specified fraction of the total risk 
factor for each medium would not be considered 
further in the risk assessment for that medium. 
Chemicals exceeding the limit would be considered 
likely to contribute 

TOTAL CH EMICAL SCO RES

 R = R  + R  + R  + . . . + Rj 1j 2j 3j ij 

where

   R =total risk factor for medium j; andj

 R  + . . . + R =risk factors for chemicals 11j ij 

through i in medium j. 

signif icantly to risks, as calculated in subsequent 
stages of the risk assessment.  This screening 
procedure could greatly reduce the number of 
chemicals carried through a risk assessment, 
because in many cases only a few chemicals 
contribute significantly to the total risk for a 
particular medium. 

The risk factors developed in this screening 
procedure are to be used only for potential 
reduction of the number of chemicals carried 
through the risk assessment and have no meaning 
outside of the context of the screening procedure. 
They should not be considered as a quantitative 
measure of a chemical's toxicity or risk or as a 
substitute for the risk assessment procedures 
discussed in Chapters 6, 7, and 8 of this guidance. 

5.10 	SUMMARY AND 
PRESENTATION OF  DATA 

The section of the risk assessment report 
summarizing the results of the data collection and 
evaluation should be titled "Identification of 
Chemicals of Potential Concern" (see Chapter 9). 
Information in this section should be presented in 
ways that readily support the calculation of 
exposure concentrations in the exposure 
assessment portion of the risk assessment.  Exhibits 
5-6 and 5-7 present examples of tables to be 
included in this section of the risk assessment 
report. 
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EXHIBIT 5-6


EXAMPLE OF TABLE FORMAT FOR PRESENTING

CHEMICALS SAMPLED IN SPECIFIC MEDIA


Table X 
Chemicals Sampled in Medium Y 

(and in Operable Unit Z, if appropriate) 
Name of Site, Location of Site 

_____________________________________

Range 

____________________________________________________

Range
 of Sample of Detected

 Frequency of Quantitation Concentrations Background 
Chemical 
____________

Detectiona 

_______________
Limits (units) 

_______________
(units) 

______________
Levels 

_________________________________

Chemical A 3/25 5 - 50 320 - 4600 100 - 140 
* Chemical B 25/25 1 - 32 16 - 72 --

-- = Not available. 

* Identified as a chemical of potential concern based on evaluation of data according to procedures described 
in text of report. 

a Number of samples in which the chemical was positively detected over the number of samples available. 
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EXHIBIT 5-7


EXAMPLE OF TABLE FORMAT FOR SUMMARIZING

CHEMICALS OF POTENTIAL CONCERN IN


 ALL MEDIA SAMPLED


Table W

Summary of Chemicals of 


Potential Concern at Site X, Location Y

(and in Operable Unit Z, if appropriate)


Concentration 

Chemical Soils Ground Water Surface Water Sediments Air
3(mg/kg) (ug/L) (ug/L) (ug/kg) (ug/m )

Chemical A  5 - 1,100  -- 2 - 30  -- -
Chemical B 0.5 - 64  5 - 92  -- 100 - 45,000  -
Chemical C  -- 15 - 890 50 - 11,000  -- -
Chemical D  2 - 12  -- -- -- 0.1 - 940 

-- = Not available. 
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5.10.1 	SUMMARIZ E DATA COLLECTION Discuss surface water/sediment results by the 
        AND EVALUATION RESULTS IN TEXT specific surface water body sampled. 

In the introduction for this section of the risk For each medium, identify in the report the 
assessment report, clearly discuss in bullet form the chemicals for which samples were analyzed, and list 
steps involved in data evaluation.  If the optional the analytes that were detected in at least one sample. 
screening procedure described in Section 5.9 was If any detected chemicals were eliminated from the 
used in determining chemicals of potential concern, quantitative risk assessment based on evaluation of 
these steps should be included in the introduction.  If data (i.e., based on evaluation of data quality, 
both historical data and current data were used in the background comparisons, and the optional screening 
data evaluation, state this in the introduction.  Any procedures, if used), provide reasons for the 
special site-specific considerations in collecting and elimination in the text (e.g., chemical was detected in 
evaluating the data should be mentioned.  General blanks at similar concentrations to those detected in 
uncertainties concerning the quality associated with samples or chemical was infrequently detected). 
either the collection or the analysis of samples 
should be discussed so that the potential effects of The final subsection of the text is a discussion 
these uncertainties on later sections of the risk of general trends in the data results.  For example, 
assessment can be determined. the text may mention (1) whether concentrations of 

chemicals of potential concern in most media were 
In the next part of the report, discuss the close to the detection limits or (2) trends concerning 

samples from each medium selected for use in chemicals detected in more than one medium or in 
quantitative risk assessment. Provide information more than one operable unit at the site.  In addition, 
concerning the sample collection methods used (e.g., the location of hot spots should be discussed, as well 
grab, composite) as well as the number and location as any noticeable trends apparent from sampling 
of samples. If this information is provided in the RI results at different times. 
report, simply refer to the appropriate sections.  If 
any samples (e.g., field screening/analytical samples) 5.10.2 SUMMARIZ E DATA 
were excluded specifically from the quantitative risk COLLECTION AND 
assessment prior to evaluating the data, document EVALUATION RES ULTS IN 
this along with reasons for the exclusion.  Again, TABLES AND GRAPHICS 
remember that such samples, while not used in the 
quantitative risk assessment, may be useful for As shown in Exhibit 5-6, a separate table that 
qualitative discussions and therefore should not be includes all chemicals detected in a medium can be 
entirely excluded from the risk assessment. provided for each medium sampled at a hazardous 

waste site or for each medium within an operable 
Discuss the data evaluation either by medium, unit at a site.  Chemicals that have been determined 

by medium within each operable unit (if the site is to be of potential concern based on the data 
sufficiently large to be divided into specific operable evaluation should be designated in the table with an 
units), or by discrete areas within each medium in an asterisk to the left of the chemical name. 
operable unit.  For each medium, if several source 
areas with different types and concentrations of For each chemical, present the frequency of 
chemicals exist, then the medium-specific discussion detection in a certain medium (i.e., the number of 
for each source area may be separate.  Begin the times a chemical was detected over the total number 
discussion with those media (e.g., wastes, soils) that of samples considered) and the range of detected or 
are potential sources of contamination for other quantified values in the samples.  Do not present the 
media (e.g., ground water, surface water/sediments). QL or similar indicator of a minimum level (e.g., <10 
If no samples or data were available for a particular mg/L, ND) as the lower end of the range; instead, the 
medium, discuss this in the text.  For soils data, lower and upper bound of the range should be the 
discuss surface soil results separately from those of minimum and maximum detected values, 
subsurface soils.  Present ground-water results by respectively. The range of reported QLs obtained for 
aquifer if more than one aquifer was sampled. each chemical in various samples should be provided 
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in a separate column.  Note that these QLs should be 
sample-specific; CRQLs, MDLs, or other types of 
non-sample-specific values should be provided only 
when SQLs are not available.  Note that the range of 
QLs would not include any limit values (e.g., 
unusually high QLs) eliminated based on the 
guidance in Section 5.3. Finally, naturally occurring 
concentrations of chemicals used in comparing 
sample concentrations may be provided in a separate 
column.  The source of these naturally occurring 
levels should be provided in a footnote.  List the 
identity of the samples used in 

determining concentrations presented in the table in 
an appropriate footnote. 

The final table in this section is a list of the 
chemicals of potential concern presented by medium 
at the site or by medium within each operable unit at 
the site.  A sample table format is presented in 
Exhibit 5-7. 

Another useful type of presentation of 
chemical concentration data is the isopleth (not 
shown).  This graphic characterizes the monitored or 
modeled concentrations of chemicals at a site and 
illustrates the spatial pattern of contamination. 
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ENDNOTE FOR CHAPTER 5 

1. Note that the values in this example are for illustration purposes only.  Many CRQLs and CRDLs are in the process of being lowered, and the 
RfDs and slope factors may have changed.
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CHAPTER 6


EXPOSURE ASSESSMENT


This chapter describes the procedures for 
conducting an exposure assessment as part of the baseline 
risk assessment process at Superfund sites.  The objective 
of the exposure assessment is to estimate the type and 
magnitude of exposures to the chemicals of potential 
concern that are present at or migrating from a site. The 
results of the exposure assessment are combined with 
chemical-specific toxicity information to characterize 
potential risks. 

The procedures and information presented in this 
chapter represent some new approaches to exposure 
assessment as well as a synthesis of currently available 
exposure assessment guidance and information published 
by EPA. Throughout this chapter, relevant exposure 
assessment documents are referenced as sources of more 
detailed information supporting the exposure assessment 
process. 

6.1 BACKGROUND 

Exposure is defined as the contact of an organism 
(humans in the case of health risk assessment) with a 
chemical or physical agent (EPA 1988a). The magnitude 
of exposure is determined by measuring or estimating the 
amount of an agent available at the exchange boundaries 
(i.e., the lungs, gut, skin) during a specified time period.
 Exposure assessment is the determination or estimation 
(qualitative or quantitative) of the magnitude, frequency, 
duration, and route of exposure. Exposure assessments 
may consider past, present, and future exposures, using 
varying assessment techniques for each phase. Estimates 
of current exposures can be based on measurements or 
models of existing conditions, those of future exposures 
can be based on models of future conditions, and those of 
past exposures can be based on measured or modeled 
past concentrations or measured chemical concentrations 
in tissues. Generally, Superfund exposure assessments 
are concerned with current and future exposures. If 
human monitoring is planned to assess current or past 
exposures, the Agency for Toxic Substances and Disease 
Registry (ATSDR) should be consulted to take the lead 
in conducting these studies and in assessing the current 
health status of the people near the site based on the 
monitoring results. 

6.1.1	 COMPONENTS OF AN 
EXPOSURE 
ASSESSMENT 

The general procedure for conducting an exposure 
assessment is illustrated in Exhibit 6-1. This procedure 
is based on EPA's published Guidelines for Exposure 
Assessment (EPA 1986a) and on other related guidance 
(EPA 1988a, 1988b). It is an adaptation of the 
generalized exposure assessment process to the particular 
needs of Superfund site risk assessments.  Although some 
exposure assessment activities may have been started 
earlier (e.g., during RI/FS scoping or even before the 
RI/FS process began), the detailed exposure assessment 
process begins after  the chemical data have been 
collected and validated and the chemicals of potential 
concern have been selected (see Chapter 5, Section 
5.3.3). The exposure assessment proceeds with the 
following steps. 

ACRONYMS FOR CHAPTER 6 

ATSDR = Agency for Toxic Substances and Disease 
Registry 

BCF = Bioconcentration Factor 
CDI = Chronic Daily Intake 
CEAM = Center for Exposure Assessment Modeling 
NOAA = National Oceanographic and Atmospheric

 Administration 
NTGS = National Technical Guidance Studies 
OAQPS = Office of Air Quality Planning and 

Standards 
RME = Reasonable Maximum Exposure 
SDI = Subchronic Daily Intake 
SEAM = Superfund Exposure Assessment Manual 
USGS = U.S. Geological Survey 
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DEFINITIONS FOR CHAPTER 6 
DEFINITIONS FOR CHAPTER 6 

Absorbed Dose.  The amount of a substance penetrating the exchange boundaries of an organism after contact.  Absorbed 
dose is calculated from the intake and the absorption efficiency. It usually is expressed as mass of a substance 
absorbed into the body per unit body weight per unit time (e.g., mg/kg-day). 

Administered Dose. The mass of a substance given to an organism and in contact with an exchange boundary 
(e.g., gastrointestinal tract) per unit body weight per unit time (e.g., mg/kg-day). 

Applied Dose.  The amount of a substance given to an organism, especially through dermal contact. 

Chronic Daily Intake (CDI). Exposure expressed as mass of a substance contacted per unit body weight per unit time, 
averaged over a long period of time (as aSuperfund program guideline, seven years to a lifetime). 

Contact Rate.  Amount of medium (e.g., ground water, soil) contacted per unit time or event (e.g. liters of water ingested per day). 

Exposure.  Contact of an organism with a chemical or physical agent. Exposure is quantified as the amount of the agent 
available at the exchange boundaries of the organism (e.g., skin, lungs, gut) and available for absorption. 

Exposure Assessment. The determination or estimation (qualitative or quantitative) of the magnitude, frequency, duration, 
and route of exposure. 

Exposure Event.  An incident of contact with a chemical or physical agent. An exposure event can be defined by time 
(e.g., day, hour) or by the incident (e.g., eating a single meal of contaminated fish). 

Exposure Pathway. The course a chemical or physical agent takes from a source to an exposed organism. An exposure 
pathway describes a unique mechanism by which an individual or population is exposed to chemicals or 
physical agents at or originating from a site. Each exposure pathway includes a source or release from a source, 
an exposure point, and an exposure route. If the exposure point differs from the source, a transport/exposure 
medium (e.g., air) or media (in cases of intermedia transfer) also is included. 

Exposure Point.   A location of potential contact between an organism and a chemical or physical agent. 

Exposure Route.  The way a chemical or physical agent comes in contact with an organism (e.g., by ingestion, inhalation, 
dermal contact). 

Intake.  A measure of exposure expressed as the mass of a substance in contact with the exchange boundary per unit 
body weight per unit time (e.g., mg chemical/kg body weight-day). Also termed the normalized exposure rate; 
equivalent to administered dose. 

Lifetime Average Daily Intake. Exposure expressed as mass of a substance contacted per unit body weight per unit time, 
averaged over a lifetime. 

Subchronic Daily Intake (SDI). Exposure expressed as mass of a substance contacted per unit body weight per unit time, 
averaged over a portion of a lifetime (as aSuperfund program guideline, two weeks to seven years). 

Step 1 -- Characterization of exposure setting 
(Section 6.2) . In this step, the assessor 
characterizes the exposure setting with respect to 
the general physical characteristics of the site and 
the characteristics of the populations on and near 
the site. Basic site characteristics such as climate, 
vegetation, ground-water hydrology, and the 
presence and location of surface water are identified 
in this step. Populations also are identified and are 
described with respect to those characteristics that 
influence exposure, such as location relative to the 
site, activity patterns, and the presence of sensitive 

subpopulations. This step considers the 
characteristics of the current  population, as well as
 those of any potential future populations that may 
differ under an alternate land use. 
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EXHIBIT 6-1

THE EXPOSURE ASSESSMENT PROCESS
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Step 2 -- Identification of exposure pathways 
(Section 6.3) . In this step, the exposure assessor 
identifies those pathways by which the previously 
identified populations may be exposed. Each 
exposure pathway describes a unique mechanism by 
which a population may be exposed to the 
chemicals at or originating from the site. Exposure 
pathways are identified based on consideration of 
the sources, releases, types, and locations of 
chemicals at the site; the likely environmental fate 
(including persistence, partitioning, transport, and 
intermedia transfer) of these chemicals; and the 
location and activities of the potentially exposed 
populations. Exposure points (points of potential 
contact with the chemical) and routes of exposure 
(e.g., ingestion, inhalation) are identified for each 
exposure pathway. 

Step 3 -- Quantification of exposure (Section 
6.4). In this step, the assessor quantifies the 
magnitude, frequency and duration of exposure for 
each pathway identified in Step 2. This step is most 
often conducted in two stages:  estimation of 
exposure concentrations and calculation of intakes. 

Estimation of exposure concentrations (Section 
6.5). In this part of step 3, the exposure assessor 
determines the concentration of chemicals that will 
be contacted over the exposure period. Exposure 
concentrations are estimated using monitoring data 
and/or chemical transport and environmental fate 
models. Modeling may be used to estimate future 
chemical concentrations in media that are currently 
contaminated or that may become contaminated, 
and current concentrations in media and/or at 
locations for which there are no monitoring data. 

Calculation of intakes (Section 6.6). In this part of 
step 3, the exposure assessor calculates chemical-
specific exposures for each exposure pathway 
identified in Step 2. Exposure estimates are 
expressed in terms of the mass of substance in 
contact with the body per unit body weight per unit 
time (e.g., mg chemical per kg body weight 

per day, also expressed as mg/kg-day). These 
exposure estimates are termed "intakes" (for the 
purposes of this manual) and represent the 
normalized exposure rate. Several terms common 
in other EPA documents and the literature are 
equivalent or related to intake (see box on this page 
and definitions box on page 6-2). Chemical intakes 
are calculated using equations that include variables 
for exposure concentration, contact rate, exposure 
frequency, exposure duration, body weight, and 
exposure averaging time. The values of some of 
these variables depend on site conditions and the 
characteristics of the potentially exposed 
population. 

After intakes have been estimated, they are 
organized by population, as appropriate (Section 6.7). 
Then, the sources of uncertainty (e.g., variability in 
analytical data, modeling results, parameter assumptions) 
and their effect on the exposure estimates are evaluated 
and summarized (Section 6.8). This information on 
uncertainty is important to site decision-makers who must 

TERMS EQUIVALENT OR 
RELATED TO INTAKE 

Normalized Exposure Rate. Equivalent to intake 

Administered Dose. Equivalent to intake 

Applied Dose.  Equivalent to intake 

Absorbed Dose.  Equivalent to intake multiplied by 
an absorption factor 

evaluate the results of the exposure and risk assessment 
and make decisions regarding the degree of remediation 
required at a site. The exposure assessment concludes 
with a summary of the estimated intakes for each pathway 
evaluated (Section 6.9). 

6.1.2 REASONABLE MAXIMUM EXPOSURE 

Actions at Superfund sites should be based on an 
estimate of the reasonable maximum exposure (RME) 
expected to occur under both current and future land-use 
conditions. The reasonable maximum exposure is 
defined here as the highest exposure that is reasonably 
expected to occur at a site. RMEs are estimated for 
individual pathways. If a population is exposed via more 
than one pathway, the combination of exposures across 
pathways also must represent an RME. 
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Estimates of the reasonable maximum exposure 
necessarily involve the use of professional judgment. 
This chapter provides guidance for determining the RME 
at a site and identifies some exposure variable values 
appropriate for use in this determination.  The 
specific values identified should be regarded as general 
recommendations, and could change based on site-
specific information and the particular needs of the EPA 
remedial project manager (RPM). Therefore, these 
recommendations should be used in conjunction with 
input from the RPM responsible for the site. 

In the past, exposures generally were estimated for 
an average and an upper-bound exposure case, instead of 
a single exposure case (for both current and future land 
use) as recommended here. The advantage of the two 
case approach is that the resulting range of exposures 
provides some measure of the uncertainty surrounding 
these estimates. The disadvantage of this approach is that 
the upper-bound estimate of exposure may be above the 
range of possible exposures, whereas the average 
estimate is lower than exposures potentially experienced 
by much of the population. The intent of the RME is to 
estimate a conservative exposure case (i.e., well above 
the average case) that is still within the range of possible 
exposures. Uncertainty is still evaluated under this 
approach. However, instead of combining many sources 
of uncertainty into average and upper-bound exposure 
estimates, the variation in individual exposure variables 
is used to evaluate uncertainty (See Section 6.8). In this 
way, the variables contributing most to uncertainty in the 
exposure estimate are more easily identified. 

6.2	 STEP 1:  CHARACTERI
ZATION OF EXPOSURE 
SETTING 

The first step in evaluating exposure at Superfund 
sites is to characterize the site with respect to its physical 
characteristics as well as those of the human populations 
on and near the site. The output of this step is a 
qualitative evaluation of the site and surrounding 
populations with respect to those characteristics that 
influence exposure. All information gathered during this 
step will support the identification of exposure pathways 
in Step 2. In addition, the information on the potentially 
exposed populations will be used in Step 3 to determine 
the values of some intake variables. 

6.2.1	 CHARACTERIZE PHYSICAL 
SETTING 

Characterize the exposure setting with respect to 
the general physical characteristics of the site. Important 
site characteristics include the following: 

climate (e.g., temperature, precipitation); 

meteorology (e.g., wind speed and direction); 

geologic setting (e.g., location and 
characterization of underlying strata); 

vegetation (e.g., unvegetated, forested, 
grassy); 

soil type (e.g., sandy, organic, acid, basic); 

ground-water hydrology (e.g., depth, direction 
and type of flow); and 

location and description of surface water (e.g., 
type, flow rates, salinity). 

Sources of this information include site descriptions 
and data from the preliminary assessment (PA), site 
inspection (SI), and remedial investigation (RI) reports.
 Other sources include county soil surveys, wetlands 
maps, aerial photographs, and reports by the National 
Oceanographic and Atmospheric Association (NOAA) 
and the U.S. Geological Survey (USGS). The assessor 
also should consult with appropriate technical experts 
(e.g., hydrogeologists, air modelers) as needed to 
characterize the site. 
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6.2.2	 CHARACTERIZE POTENTIALLY 
EXPOSED POPULATIONS 

Characterize the populations on or near the site with 
respect to location relative to the site, activity patterns, 
and the presence of sensitive subgroups. 

Determine location of current populations 
relative to the site . Determine the distance and direction 
of potentially exposed populations from the site. Identify 
those populations that are closest to or actually living on 
the site and that, therefore, may have the greatest 
potential for exposure. Be sure to include potentially 
exposed distant populations, such as public water supply 
consumers and distant consumers of fish or shellfish or 
agricultural products from the site area. Also include 
populations that could be exposed in the future to 
chemicals that have migrated from the site. Potential 
sources of this information include: 

site visit; 

other information gathered as part of the SI or 
during the initial stages of the RI; 

population surveys conducted near the site; 

topographic, land use, housing or other maps; 
and 

recreational and commercial fisheries data. 

Determine current land use . Characterize the 
activities and activity patterns of the potentially exposed 
population. The following land use categories will be 
applicable most often at Superfund sites: 

residential; 
commercial/industrial; and 
recreational. 

Determine the current land use or uses of the site 
and surrounding area. The best source of this information 
is a site visit. Look for homes, playgrounds, parks, 
businesses, industries, or other land uses on or in the 
vicinity of the site. Other sources on local land use 
include: 

zoning maps; 

state or local zoning or other land use-related 
laws and regulations; 

data from the U.S. Bureau of the Census; 

topographic, land use, housing or other maps; 
and 

aerial photographs. 

Some land uses at a site may not fit neatly into one 
of the three land use categories and other land use 
classifications may be more appropriate (e.g., agricultural 
land use). At some sites it may be most appropriate to 
have more than one land use category. 

After defining the land use(s) for a site, identify 
human activities and activity patterns associated with 
each land use. This is basically a "common sense" 
evaluation and is not based on any specific data sources, 
but rather on a general understanding of what activities 
occur in residential, business, or recreational areas. 

Characterize activity patterns by doing the 
following. 

Determine the percent of time that the 
potentially exposed population(s) spend in the 
potentially contaminated area. For example, 
if the potentially exposed population is 
commercial or industrial, a reasonable 
maximum daily exposure period is likely to be 
8 hours (a typical work day).  Conversely, if 
the population is residential, a maximum daily 
exposure period of 24 hours is possible. 

Determine if activities occur primarily 
indoors, outdoors, or both. For example, 
office workers may spend all their time 
indoors, whereas construction workers may 
spend all their time outdoors. 

Determine how activities change with the 
seasons. For example, some outdoor, 
summertime recreational activities (e.g., 
swimming, fishing) will occur less frequently 
or not at all during the winter months. 
Similarly, children are likely to play outdoors 
less frequently and with more clothing during 
the winter months. 

Determine if the site itself may be used by 
local populations, particularly if access to the 
site is not restricted or otherwise limited (e.g., 
by distance). For example, children living in 
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the area could play onsite, and local residents 
could hunt or hike onsite. 

Identify any site-specific population 
characteristics that might influence exposure.
 For example, if the site is located near major 
commercial or recreational fisheries or 
shellfisheries, the potentially exposed 
population is likely to eat more locally-caught 
fish and shellfish than populations located 
inland. 

Determine future land use.  Determine if any 
activities associated with a current land use are likely to 
be different under an alternate future land use. For 
example, if ground water is not currently used in the area 
of the site as a source of drinking water but is of potable 
quality, future use of ground water as drinking water 
would be possible. Also determine if land use of the site 
itself could change in the future. For example, if a site is 
currently classified as industrial, determine if it could 
possibly be used for residential or recreational purposes 
in the future. 

Because residential land use is most often 
associated with the greatest exposures, it is generally the 
most conservative choice to make when deciding what 
type of alternate land use may occur in the future. 
However, an assumption of future residential land use 
may not be justifiable if the probability that the site will 
support residential use in the future is exceedingly small. 

Therefore, determine possible alternate future land 
uses based on available information and professional 
judgment. Evaluate pertinent information sources, 
including (as available): 

master plans (city or county projections of 
future land use); 

Bureau of the Census projections; and 

established land use trends in the general area 
and the area immediately surrounding the site 
(use Census Bureau or state or local reports, 
or use general historical accounts of the area). 

Note that while these sources provide potentially useful 
information, they should not be interpreted as providing 
proof that a certain land use will or will not occur. 

Assume future residential land use if it seems 
possible based on the evaluation of the available 
information. For example, if the site is currently 
industrial but is located near residential areas in an urban 
area, future residential land use may be a reasonable 
possibility. If the site is industrial and is located in a very 
rural area with a low population density and projected 
low growth, future residential use would probably be 
unlikely. In this case, a more likely alternate future land 
use may be recreational. At some sites, it may be most 
reasonable to assume that the land use will not change in 
the future. 

There are no hard-and-fast rules by which to 
determine alternate future land use. The use of 
professional judgment in this step is critical. Be sure to 
consult with the RPM  about any decision regarding 
alternate future land use. Support the selection of any 
alternate land use with a logical, reasonable argument in 
the exposure assessment chapter of the risk assessment 
report. Also include a qualitative statement of the 
likelihood of the future land use occurring. 

Identify subpopulations of potential concern. 
Review information on the site area to determine if any 
subpopulations may be at increased risk from chemical 
exposures due to increased sensitivity, behavior patterns 
that may result in high exposure, and/or current or past 
exposures from other sources. Subpopulations that may 
be more sensitive to chemical exposures include infants 
and children, elderly people, pregnant and nursing 
women, and people with chronic illnesses. Those 
potentially at higher risk due to behavior patterns include 
children, who are more likely to contact soil, and persons 
who may eat large amounts of locally caught fish or 
locally grown produce (e.g., home-grown vegetables). 
Subpopulations at higher risk due to exposures from 
other sources include individuals exposed to chemicals 
during occupational activities and individuals living in 
industrial areas. 

To identify subpopulations of potential concern in 
the site area, determine locations of schools, day care 
centers, hospitals, nursing homes, retirement 
communities, residential areas with children, important 
commercial or recreational fisheries near the site, and 
major industries potentially involving chemical 
exposures. Use local census data and information from 
local public health officials for this determination. 
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6.3	 STEP 2:  IDENTIFICATION OF 
EXPOSURE PATHWAYS 

This section describes an approach for identifying 
potential human exposure pathways at a Superfund site.
 An exposure pathway describes the course a chemical or 
physical agent takes from the source to the exposed 
individual. An exposure pathway analysis links the 
sources, locations, and types of environmental releases 
with population locations and activity patterns to 
determine the significant pathways of human exposure. 

An exposure pathway generally consists of four 
elements: (1) a source and mechanism of chemical 
release, (2) a retention or transport medium (or media in 
cases involving media transfer of chemicals), (3) a point 
of potential human contact with the contaminated medium 
(referred to as the exposure point), and (4) an exposure 
route (e.g., ingestion) at the contact point. A medium 
contaminated as a result of a past release can be a 
contaminant source for other media (e.g., soil 
contaminated from a previous spill could be a 
contaminant source for ground water or surface water).
 In some cases, the source itself (i.e., a tank, contaminated 
soil) is the exposure point, without a release to any other 
medium. In these latter cases, an exposure pathway 
consists of (1) a source, (2) an exposure point, and (3) an 
exposure route. Exhibit 6-2 illustrates the basic elements 
of each type of exposure pathway. 

The following sections describe the basic analytical 
process for identifying exposure pathways at Superfund 
sites and for selecting pathways for quantitative analysis.
 The pathway analysis described below is meant to be a 
qualitative evaluation of pertinent site and chemical 
information, and not a rigorous quantitative evaluation of 
factors such as source strength, release rates, and 
chemical fate and transport. Such factors are considered 
later in the exposure assessment during the quantitative 
determination of exposure concentrations (Section 6.5). 

6.3.1	 IDENTIFY SOURCES AND 
RECEIVING MEDIA 

To determine possible release sources for a site in 
the absence of remedial action, use all available site 
descriptions and data from the PA, SI, and RI reports. 
Identify potential release mechanisms and receiving 
media for past, current, and future releases. Exhibit 6-3 
lists some typical release sources, release mechanisms, 
and receiving media at Superfund sites.  Use monitoring 
data in conjunction with information on source locations 
to support the analysis of past, continuing, or threatened 

releases. For example, soil contamination near an old 
tank would suggest the tank (source) ruptured or leaked 
(release mechanism) to the ground (receiving media). Be 
sure to note any source that could be an exposure point in 
addition to a release source (e.g., open barrels or tanks, 
surface waste piles or lagoons, contaminated soil). 

Map the suspected source areas and the extent of 
contamination using the available information and 
monitoring data. As an aid in evaluating air sources and 
releases, Volumes I and II of the National Technical 
Guidance Studies (NTGS; EPA 1989a,b) should be 
consulted. 
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6.3.2	 EVALUATE FATE AND TRANSPORT 
IN RELEASE MEDIA 

Evaluate the fate and transport of the chemicals to 
predict future exposures and to help link sources with 
currently contaminated media. The fate and transport 
analysis conducted at this stage of the exposure 
assessment is not meant to result in a quantitative 
evaluation of media-specific chemical concentrations. 
Rather, the  intent is to identify media that are receiving 
or may receive site-related chemicals. At this stage, the 
assessor should answer the questions:  What chemicals 
occur in the sources at the site and in the environment?
 In what media (onsite and offsite) do they occur now? In 
what media and at what location may they occur in the 
future? Screening-level analyses using available data and 
simplified calculations or analytical models may assist in 
this qualitative evaluation. 

After a chemical is released to the environment it 
may be: 

transported (e.g., convected downstream in 
water or on suspended sediment or through 
the atmosphere); 

physically transformed (e.g., volatilization, 
precipitation); 

chemically transformed (e.g., photolysis, 
hydrolysis, oxidation, reduction, etc.); 

biologically transformed (e.g, biodegradation); 
and/or 

accumulated in one or more media (including 
the receiving medium). 

To determine the fate of the chemicals of potential 
concern at a particular site, obtain information on their 
physical/chemical and environmental fate properties. 
Use computer data bases (e.g., SRC's Environmental 
Fate, CHEMFATE, and BIODEG data bases; BIOSIS; 
AQUIRE) and the open literature as necessary as sources 
for up-to-date information on the physical/chemical and 
fate properties of the chemicals of potential concern. 
Exhibit 6-4 lists some important chemical-specific fate 
parameters and briefly describes how these can be used 
to evaluate a chemical's environmental fate. 

Also consider site-specific characteristics 
(identified in Section 6.2.1) that may influence fate and 
transport. For example, soil characteristics such as 

moisture content, organic carbon content, and cation 
exchange capacity can greatly influence the movement of 
many chemicals. A high water table may increase the 
probability of leaching of chemicals in soil to ground 
water. 

Use all applicable chemical and site-specific 
information to evaluate transport within and between 
media and retention or accumulation within a single 
medium. Use monitoring data to identify media that are 
contaminated now and the fate pathway analysis to 
identify media that may be contaminated now (for media 
not sampled) or in the future. Exhibit 6-5 presents some 
important questions to consider when developing these 
pathways. Exhibit 6-6 presents a series of flow charts 
useful when evaluating the fate and transport of chemicals 
at a site. 

6.3.3	 IDENTIFY EXPOSURE POINTS AND 
EXPOSURE ROUTES 

After contaminated or potentially contaminated 
media have been identified, identify exposure points by 
determining if and where any of the potentially exposed 
populations (identified in Step 1) can contact these 
media. Consider population locations and activity 
patterns in the area, including those of subgroups that 
may be of particular concern. Any point of potential 
contact with a contaminated medium is an exposure 
point. Try to identify those exposure points where the 
concentration that will be contacted is the greatest. 
Therefore, consider including any contaminated media or 
sources onsite as a potential exposure point if the site is 
currently used, if access to the site under current 
conditions is not restricted or otherwise limited (e.g., by 
distance), or if contact is possible under an alternate 
future land use. For potential offsite exposures, the 
highest exposure concentrations often will be at the 
points closest to and downgradient or downwind of the 
site. In some cases, highest concentrations may be 
encountered at points distant from the site. For example, 
site-related chemicals may be transported and deposited 
in a distant water body where they may be subsequently 
bioconcentrated by aquatic organisms. 
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After determining exposure points, identify 
probable exposure routes (i.e., ingestion, inhalation, 
dermal contact) based on the media contaminated and the 
anticipated activities at the exposure points. In some 
instances, an exposure point may exist but an exposure 
route may not (e.g., a person touches contaminated soil 
but is wearing gloves). Exhibit 6-7 presents a 
population/exposure route matrix that can be used in 
determining potential exposure routes at a site. 

6.3.4	  INTEGRATE INFORMATION ON 
SOURCES, RELEASES, FATE AND 
TRANSPORT, EXPOSURE POINTS, 
AND EXPOSURE ROUTES INTO 
EXPOSURE PATHWAYS 

Assemble the information developed in the previous 
three steps and determine the complete exposure 
pathways that exist for the site. A pathway is complete if 
there is (1) a source or chemical release from a source, 
(2) an exposure point where contact can occur, and (3) an 
exposure route by which contact can occur. Otherwise, 
the pathway is incomplete, such as the situation where 
there is a source releasing to air but there are no nearby 
people. If available from ATSDR, human monitoring 
data indicating chemical accumulation or chemical-
related effects in the site area can be used as evidence to 
support conclusions about which exposure pathways are 
complete; however, negative data from such studies 
should not be used to conclude that a pathway is 
incomplete. 

From all complete exposure pathways at a site, 
select those pathways that will be evaluated further in the 
exposure assessment. If exposure to a sensitive 
subpopulation is possible, select that pathway for 
quantitative evaluation. All pathways should be selected 
for further evaluation unless there is sound justification 
(e.g., based on the results of a screening analysis) to 
eliminate a pathway from detailed analysis. Such a 
justification could be based on one of the following: 

the exposure resulting from the pathway is 
much less than that from another pathway 
involving the same medium at the same 
exposure point; 

the potential magnitude of exposure from a 
pathway is low; or 
the probability of the exposure occurring is 
very low and the risks associated with the 
occurrence are not high (if a pathway has 
catastrophic consequences, it should be 

selected for evaluation even if its probability 
of occurrence is very low). 

Use professional judgment and experience to make 
these decisions. Before deciding to exclude a pathway 
from quantitative analysis, consult with the RPM. If a 
pathway is excluded from further analysis, clearly 
document the reasons for the decision in the exposure 
assessment section of the risk assessment report. 

For some complete pathways it may not be possible 
to quantify exposures in the subsequent steps of the 
analysis because of a lack of data on which to base 
estimates of chemical release, environmental 
concentration, or human intake. Available modeling 
results should complement and supplement the available 
monitoring data to minimize such problems. However, 
uncertainties associated with the modeling results may be 
too large to justify quantitative exposure assessment in 
the absence of monitoring data to validate the modeling 
results. These pathways should nevertheless be carried 
through the exposure assessment so that risks can be 
qualitatively evaluated or so that this information can be 
considered during the uncertainty analysis of the results 
of the exposure assessment (see Section 6.8) and the risk 
assessment (see Chapter 8). 

6.3.5	 SUMMARIZE INFORMATION ON 
ALL COMPLETE EXPOSURE 
PATHWAYS 

Summarize pertinent information on all complete 
exposure pathways at the site by identifying potentially 
exposed populations, exposure media, exposure points, 
and exposure routes. Also note if the pathway has been 
selected for quantitative evaluation; summarize the 
justification if a pathway has been excluded. Summarize 
pathways for current land use and any alternate future 
land use separately. This summary information is useful 
for defining the scope of the next step (quantification of 
exposure) and also is useful as documentation of the 
exposure pathway analysis. Exhibit 6-8 provides a 
sample format for presenting this information. 
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6.4	 STEP 3:  QUANTIFICATION 
OF EXPOSURE: GENERAL 
CONSIDERATIONS 

The next step in the exposure assessment process is 
to quantify the magnitude, frequency and duration of 
exposure for the populations and exposure pathways 
selected for quantitative evaluation. This step is most 
often conducted in two stages: first, exposure 
concentrations are estimated, then, pathway-specific 
intakes are quantified. The specific methodology for 
calculating exposure concentrations and pathway-specific 
exposures are presented in Sections 6.5 and 6.6, 
respectively. This section describes some of the basic 
concepts behind these processes. 

6.4.1	 QUANTIFYING THE REASONABLE 
MAXIMUM EXPOSURE 

Exposure is defined as the contact of an organism 
with a chemical or physical agent. If exposure occurs 
over time, the total exposure can be divided by a time 
period of interest to obtain an average exposure rate per 
unit time. This average exposure rate also can be 
expressed as a function of body weight. For the purposes 
of this manual, exposure normalized for time and body 
weight is termed "intake", and is expressed in units of mg 
chemical/kg body weight-day. 

Exhibit 6-9 presents a generic equation for 
calculating chemical intakes and defines the intake 
variables. There are three categories of variables that are 
used to estimate intake: 

(1)	 chemical-related variable -- exposure 
concentration; 

(2)	 variables that describe the exposed population 
-- contact rate, exposure frequency and 
duration, and body weight; and 

(3)	 assessment-determined variable -- averaging 
time. 

Each intake variable in the equation has a range of 
values. For Superfund exposure assessments, intake 
variable values for a given pathway should be selected so 
that the combination of all intake variables results in an 
estimate of the reasonable maximum exposure for that 
pathway. As defined previously, the reasonable 
maximum exposure (RME) is the maximum exposure 
that is reasonably expected to occur at a site. Under this 
approach, some intake variables may not be at their 

individual maximum values but when in combination 
with other variables will result in estimates of the RME.
 Some recommendations for determining the values of the 
individual intake variables are discussed below. These 
recommendations are based on EPA's determination of 
what would result in an estimate of the RME. As 
discussed previously, a determination of "reasonable" 
cannot be based solely on quantitative information, but 
also requires the use of professional judgment. 
Accordingly, the recommendations below are based on a 
combination of quantitative information and professional 
judgment. These are general recommendations, however, 
and could change based on site-specific information or 
the particular needs of the risk manager. Consult with the 
RPM before varying from these recommendations. 

Exposure concentration.  The concentration term 
in the intake equation is the arithmetic average of the 
concentration that is contacted over the exposure period.
 Although this concentration does not reflect the 
maximum concentration that could be contacted at any 
one time, it is regarded as a reasonable estimate of the 
concentration likely to be contacted over time. This is 
because in most situations, assuming long-term contact 
with the maximum concentration is not reasonable. (For 
exceptions to this generalization, see discussion of hot 
spots in Section 6.5.3.) 

Because of the uncertainty associated with any 
estimate of exposure concentration, the upper confidence 
limit (i.e., the 95 percent upper confidence limit) on the 
arithmetic average will be used for this variable. There 
are standard statistical methods which can be used to 
calculate the upper confidence limit on the arithmetic 
mean. Gilbert (1987, particularly sections 11.6 and 13.2) 
discusses methods that can be applied to data that are 
distributed normally or log normally. Kriging  is 
another method that 
potentially can be used (Clark 1979 is one of several 
reference books on kriging).  A statistician should be 
consulted for more details or for assistance with specific 
methods. 
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If there is great variability in measured or modeled 
concentration values (such as when too few samples are 
taken or when model inputs are uncertain), the upper 
confidence limit on the average concentration will be 
high, and conceivably could be above the maximum 
detected or modeled value. In these cases, the maximum 
detected or modeled value should be used to estimate 
exposure concentrations. This could be regarded by 
some as too conservative an estimate, but given the 
uncertainty in the data in these situations, this approach 
is regarded as reasonable. 

For some sites, where a screening level analysis is 
regarded as sufficient to characterize potential exposures, 
calculation of the upper confidence limit on the arithmetic 
average is not required. In these cases, the maximum 
detected or modeled concentration should be used as the 
exposure concentration. 

Contact rate.  Contact rate reflects the amount of 
contaminated medium contacted per unit time or event.
 If statistical data are available for a contact rate, use the 
95th percentile value for this variable. (In this case and 
throughout this chapter, the 90th percentile value can be 
used if the 95th percentile value is not available.) If 
statistical data are not available, professional judgment 
should be used to estimate a value which approximates 
the 95th percentile value. (It is recognized that such 
estimates will not be precise. They should, however, 
reflect a reasonable estimate of an upper-bound value.) 

Sometimes several separate terms are used to derive 
an estimate of contact rate. For example, for dermal 
contact with chemicals in water, contact rate is estimated 
by combining information on exposed skin surface area, 
dermal permeability of a chemical, and exposure time. In 
such instances, the combination of variables used to 
estimate intake should result in an estimate 
approximating the 95th percentile value. Professional 
judgment will be needed to determine the appropriate 
combinations of variables. (More specific guidance for 
determining contact rate for various pathways is given in 
Section 6.6.) 

Exposure frequency and duration.  Exposure 
frequency and duration are used to estimate the total time 
of exposure. These terms are determined on a site-
specific basis. If statistical data are available, use the 
95th percentile value for exposure time. In the absence 
of statistical data (which is usually the case), use 
reasonable conservative estimates of exposure time. 
National statistics are available on the upper-bound (90th 
percentile) and average (50th percentile) number of years 
spent by individuals at one residence (EPA 1989d). 
Because of the data on which they are based, these values 
may underestimate the actual time that someone might 
live in one residence. Nevertheless, the upper-bound 
value of 30 years can be used for exposure duration when 
calculating reasonable maximum residential exposures.
 In some cases, however, lifetime exposure (70 years by 
convention) may be a more appropriate assumption. 
Consult with the RPM regarding the appropriate 
exposure duration for residential exposures. The 
exposure frequency and duration selected must be 
appropriate for the contact rate selected. If a long-term 
average contact rate (e.g., daily fish ingestion rate 
averaged over a year) is used, then a daily exposure 
frequency (i.e., 365 days/year) should be assumed. 

Body weight.  The value for body weight is the 
average body weight over the exposure period. If 
exposure occurs only during childhood years, the average 
child body weight during the exposure period should be 
used to estimate intake. For some pathways, such as soil 
ingestion, exposure can occur throughout the lifetime but 
the majority of exposure occurs during childhood 
(because of higher contact rates). In these cases, 
exposures should be calculated separately for age groups 
with similar contact rate to body weight ratios; the body 
weight used in the intake calculation for each age group 
is the average body weight for that age group. Lifetime 
exposure is then calculated by taking the time-weighted 
average of exposure estimates over all age groups. For 
pathways where contact rate to body weight ratios are 
fairly constant over a lifetime (e.g., drinking water 
ingestion), a body weight of 70 kg is used. 
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A constant body weight over the period of exposure 
is used primarily by convention, but also because body 
weight is not always independent of the other variables in 
the exposure equation (most notably, intake).  By keeping 
body weight constant, error from this dependence is 
minimized. The average body weight is used because, 
when combined with the other variable values in the 
intake equation, it is believed to result in the best estimate 
of the RME. For example, combining a 95th percentile 
contact rate with a 5th percentile body weight is not 
considered reasonable because it is unlikely that smallest 
person would have the highest intake. Alternatively, 
combining a 95th percentile intake with a 95th percentile 
body weight is not considered a maximum because a 
smaller person could have a higher contact rate to body 
weight ratio. 

Averaging time.  The averaging time selected 
depends on the type of toxic effect being assessed. When 
evaluating exposures to developmental toxicants, intakes 
are calculated by averaging over the exposure event (e.g., 
a day or a single exposure incident). For acute toxicants, 
intakes are calculated by averaging over the shortest 
exposure period that could produce an effect, usually an 
exposure event or a day. When evaluating longer-term 
exposure to noncarcinogenic toxicants, intakes are 
calculated by averaging intakes over the period of 
exposure (i.e., subchronic or chronic daily intakes).  For 
carcinogens, intakes are calculated by prorating the total 
cumulative dose over a lifetime (i.e., chronic daily 
intakes, also called lifetime average daily intake). This 
distinction relates to the currently held scientific opinion 
that the mechanism of action for each category is different 
(see Chapter 7 for a discussion). The approach for 
carcinogens is based on the assumption that a high dose 
received over a short period of time is equivalent to a 
corresponding low dose spread over a lifetime (EPA 
1986b). This approach becomes problematic as the 
exposures in question become more intense but less 
frequent, especially when there is evidence that the agent 
has shown dose-rate related carcinogenic effects. In 
some cases, therefore, it may be necessary to consult a 
toxicologist to assess the level of uncertainty associated 
with the exposure assessment for carcinogens. The 
discussion of uncertainty should be included in both the 
exposure assessment and risk characterization chapters of 
the risk assessment report. 

6.4.2 TIMING CONSIDERATIONS 

At many Superfund sites, long-term exposure to 
relatively low chemical concentrations (i.e., chronic daily 
intakes) are of greatest concern. In some situations, 
however, shorter-term exposures (e.g., subchronic daily 
intakes) also may be important. When deciding whether 
to evaluate short-term exposure, the following factors 
should be considered: 

the toxicological characteristics of the 
chemicals of potential concern; 

the occurrence of high chemical 
concentrations or the potential for a large 
release; 

persistence of the chemical in the 
environment; and 

the characteristics of the population that 
influence the duration of exposure. 

Toxicity considerations.  Some chemicals can 
produce an effect after a single or very short-term 
exposure to relatively low concentrations. These 
chemicals include acute toxicants such as skin irritants 
and neurological poisons, and developmental toxicants.
 At sites where these types of chemicals are present, it is 
important to assess exposure for the shortest time period 
that could result in an effect. For acute toxicants this is 
usually a single exposure event or a day, although 
multiple exposures over several days also could result in 
an effect. For developmental toxicants, the time period of 
concern is the exposure event. This is based on the 
assumption that a single exposure at the critical time in 
development is sufficient to produce an adverse effect. It 
should be noted that the critical time referred to can occur 
in almost any segment of the human population (i.e., 
fertile men and women, the conceptus, and the child up to 
the age of sexual maturation [EPA 1989e]). 

Concentration considerations.  Many chemicals 
can produce an effect after a single or very short-term 
exposure, but only if exposure is to a relatively high 
concentration. Therefore, it is important that the assessor 
identify possible situations where a short-term exposure 
to a high concentration could occur. Examples of such a 
situation include sites where contact with a small, but 
highly contaminated area is possible (e.g., a source or a 
hot spot), or sites where there is a potential for a large 
chemical release (e.g., explosions, ruptured drums, 
breached lagoon dikes). Exposure should be determined 
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for the shortest period of time that could produce an 
effect. 

Persistence considerations.  Some chemicals may 
degrade rapidly in the environment. In these cases, 
exposures should be assessed only for that period of time 
in which the chemical will be present at the site. 
Exposure assessments in these situations may need to 
include evaluations of exposure to the breakdown 
products, if they are persistent or toxic at the levels 
predicted to occur at the site. 

Population considerations.  At some sites, 
population activities are such that exposure would occur 
only for a short time period (a few weeks or months), 
infrequently, or intermittently. Examples of this would be 
seasonal exposures such as during vacations or other 
recreational activities. The period of time over which 
exposures are averaged in these instances depends on the 
type of toxic effect being assessed (see previous 
discussion on averaging time, Section 6.4.1). 

6.5	 QUANTIFICATION OF 
EXPOSURE:  DETERMINA
TION OF EXPOSURE 
CONCENTRATIONS 

This section describes the basic approaches and 
methodology for determining exposure concentrations of 
the chemicals of potential concern in different 
environmental media using available monitoring data and 
appropriate models. As discussed in Section 6.4.1, the 
concentration term in the exposure equation is the 
average concentration contacted at the exposure point or 
points over the exposure period. When estimating 
exposure concentrations, the objective is to provide a 
conservative estimate of this average concentration (e.g., 
the 95 percent upper confidence limit on the arithmetic 
mean chemical concentration). 

This section provides an overview of the basic 
concepts and approaches for estimating exposure 
concentrations. It identifies what type of information is 
needed to estimate concentrations, where to find it, and 
how to interpret and use it. This section is not designed 
to provide all the information necessary to derive 
exposure concentrations and, therefore, does not detail 
the specifics of potentially applicable models nor provide 
the data necessary to run the models or support 
concentration estimates. However, sources of such 
information, including the Superfund Exposure 
Assessment Manual (SEAM; EPA 1988b) are referenced 
throughout the discussion. 

6.5.1	 GENERAL CONSIDERATIONS FOR 
ESTIMATING EXPOSURE 
CONCENTRATIONS 

In general, a great deal of professional judgment is 
required to estimate exposure concentrations. Exposure 
concentrations may be estimated by (1) using monitoring 
data alone, or (2) using a combination of monitoring data 
and environmental fate and transport models. In most 
exposure assessments, some combination of monitoring 
data and environmental modeling will be required to 
estimate exposure concentrations. 

Direct use of monitoring data . Use of monitoring 
data to estimate exposure concentrations is normally 
applicable where exposure involves direct contact with 
the monitored medium (e.g., direct contact with 
chemicals in soil or sediment), or in cases where 
monitoring has occurred directly at an exposure point 
(e.g., a residential drinking water well or public water 
supply). For these exposure pathways, monitoring data 
generally provide the best estimate of current exposure 
concentrations. 

As the first step in estimating exposure 
concentrations, summarize available monitoring data. 
The manner in which the data are summarized depends 
upon the site characteristics and the pathways being 
evaluated. It may be necessary to divide chemical data 
from a particular medium into subgroups based on the 
location of sample points and the potential exposure 
pathways. In other instances, as when the sampling point 
is an exposure point (e.g., when the sample is from an 
existing drinking water well) it may not be appropriate to 
group samples at all, but may be most appropriate to treat 
the sample data separately when estimating intakes. Still, 
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in other instances, the assessor may wish to use the 
maximum concentration from a medium as the exposure 
concentration for a given pathway as a screening 
approach to place an upper bound on exposure. In these 
cases it is important to remember that if a screening level 
approach suggests a potential health concern, the 
estimates of exposure should be modified to reflect more 
probable exposure conditions. 

In those instances where it is appropriate to group 
sampling data from a particular medium, calculate for 
each exposure medium and each chemical the 95 percent 
upper confidence limit on the arithmetic average 
chemical concentration. See Chapter 5 for guidance on 
how to treat sample concentrations below the quantitation 
limit. 

Modeling approaches . In some instances, it may 
not be appropriate to use monitoring data alone, and fate 
and transport models may be required to estimate 
exposure concentrations. Specific instances where 
monitoring data alone may not be adequate are as 
follows. 

Where exposure points are spatially separate 
from monitoring points. Models may be 
required when exposure points are remote 
from sources of contamination if mechanisms 
for release and transport to exposure points 
exist (e.g., ground-water transport, air 
dispersion). 

Where temporal distribution of data is lacking.
 Typically, data from Superfund investigations 
are collected over a relatively short period of 
time. This generally will give a clear 
indication of current site conditions, but both 
long-term and short-term exposure estimates 
usually are required in Superfund exposure 
assessments. Although there may be 
situations where it is reasonable to assume 
that concentrations will remain constant over 
a long period of time, in many cases the time 
span of the monitoring data is not adequate to 
predict future exposure concentrations. 
Environmental models may be required to 
make these predictions. 

Where monitoring data are restricted by the 
limit of quantitation. Environmental models 
may be needed to predict concentrations of 
contaminants that may be present at 
concentrations that are below the quantitation 
limit but that may still cause toxic effects 
(even at such low concentrations). For 
example, in the case of a ground-water plume 
discharging into a river, the dilution afforded 
by the river may be sufficient to reduce the 
concentration of the chemical to a level that 
could not be detected by direct monitoring. 
However, as discussed in Section 5.3.1, the 
chemical may be sufficiently toxic or 
bioaccumulative that it could present a health 
risk at concentrations below the limit of 
quantitation. Models may be required to make 
exposure estimates in these types of situations. 

A wide variety of models are available for use in 
exposure assessments. SEAM (EPA 1988b) and the 
Exposure Assessment Methods Handbook (EPA 1989f) 
describe some of the models available and provide 
guidance in selecting appropriate modeling techniques.
 Also, the Center for Exposure Assessment Modeling 
(CEAM -- Environmental Research Laboratory (ERL) 
Athens), the Source Receptor Analysis Branch (Office of 
Air Quality Planning and Standards, or OAQPS), and 
modelers in EPA regional offices can provide assistance 
in selecting appropriate models. Finally, Volume IV of 
the NTGS (EPA 1989c) provides guidance for air and 
atmospheric dispersion modeling for Superfund sites.  Be 
sure to discuss the fate and transport models to be used in 
the exposure assessment with the RPM. 

The level of effort to be expended in estimating 
exposure concentrations will depend on the type and 
quantity of data available, the level of detail required in 
the assessment, and the resources available for the 
assessment. In general, estimating exposure 
concentrations will involve analysis of site monitoring 
data and application of simple, screening-level analytical 
models. The most important factor in determining the 
level of effort will be the quantity and quality of the 
available data. In general, larger data sets will support 
the use of more sophisticated models. 
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Other considerations . When evaluating chemical 
contamination at a site, it is important to review the 
spatial distribution of the data and evaluate it in ways that 
have the most relevance to the pathway being assessed.
 In short, consider where the contamination is with 
respect to known or anticipated population activity 
patterns. Maps of both concentration distribution and 
activity patterns will be useful for the exposure 
assessment. It is the intersection of activity patterns and 
contamination that defines an exposure area. Data from 
random sampling or from systematic grid pattern 
sampling may be more representative of a given exposure 
pathway than data collected only from hot spots. 

Generally, verified GC/MS laboratory data with 
adequate quality control will be required to support 
quantitative exposure assessment. Field screening data 
generally cannot be incorporated when estimating 
exposure concentrations because they are derived using 
less sensitive analytical methods and are subject to less 
stringent quality control. 

Other areas to be considered in estimating exposure 
concentrations are as follows. 

Steady-state vs. non-steady-state conditions.
 Frequently, it may be necessary to assume 
steady-state conditions because the 
information required to estimate non-steady
state conditions (such as source depletion 
rate) is not readily available. This is likely to 
overestimate long-term exposure 
concentrations for certain pathways. 

Number and type of exposure parameters that 
must be assumed. In developing exposure 
models, values for site-specific parameters 
such as hydraulic conductivity, organic carbon 
content of soil, wind speed and direction, and 
soil type may be required. These values may 
be generated as part of the RI. In cases where 
these values are not available, literature values 
may be substituted. In the absence of 
applicable literature values, the assessor must 

consider if a reliable exposure concentration 
estimate can be made. 

Number and type of fate processes to be 
considered. In some cases, exposure 
modeling may be limited to considerations of 
mass balance, dilution, dispersion, and 
equilibrium partitioning. In other cases, 
models of more complex fate processes, such 
as chemical reaction, biodegradation, and 
photolysis may be needed. However, 
prediction of such fate processes requires 
significantly larger quantities of model 
calibration and validation data than required 
for less complex fate processes. For those 
sites where these more complex fate processes 
need to be modeled, be sure to consult with 
the RPM regarding the added data 
requirements. 

6.5.2	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN GROUND 
WATER 

Exposure concentrations in ground water can be 
based on monitoring data alone or on a combination of 
monitoring and modeling. In some cases, the exposure 
assessor may favor the use of monitoring data over the 
use of complex models to develop exposure 
concentrations. It is most appropriate to use ground
water sampling data as estimates of exposure 
concentrations when the sampling points correspond to 
exposure points, such as samples taken from a drinking 
water tap. However, samples taken directly from a 
domestic well or drinking water tap should be interpreted 
cautiously. For example, where the water is acidic, 
inorganic chemicals such as lead or copper may leach 
from the distribution system. Organic chemicals such as 
phthalates may migrate into water from plastic piping. 
Therefore, interpretations of these data should consider 
the type and operation of the pumping, storage, and 
distribution system involved. 

Most of the time, data from monitoring wells will be 
used to estimate chemical concentrations at the exposure 
point. Several issues should be considered when using 
monitoring well data to estimate these concentrations. 
First, determine if the aquifer has sufficient production 
capacity and is of sufficient quality to support drinking 
water or other uses. If so, it generally should be assumed 
that water could be drawn from anywhere in the aquifer, 
regardless of the location of existing wells relative to the 
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contaminant plume. In a few situations, however, it may 
not be reasonable to assume that water will be drawn 
from directly beneath a specific source (e.g., a waste 
management unit such as a landfill) in the future. In these 
cases, it should be assumed that water could be drawn 
from directly adjacent to the source. Selection of the 
location(s) used to evaluate future ground-water 
exposures should be made in consultation with the RPM.
 Second, compare the construction of wells (e.g., drinking 
water wells) in the area with the construction of the 
monitoring wells. For example, drinking water wells may 
draw water from more than one aquifer, whereas 
individual monitoring wells are usually screened in a 
specific aquifer. In some cases it may be appropriate to 
separate data from two aquifers that have very limited 
hydraulic connection if drinking water wells in the area 
draw water from only one of them. Consult a 
hydrogeologist for assistance in the above considerations. 

Another issue to consider is filtration of water 
samples. While filtration of ground-water samples 
provides useful information for understanding chemical 
transport within an aquifer (see Section 4.5.3 for more 
details), the use of filtered samples for estimating 
exposure is very controversial because these data may 
underestimate chemical concentrations in water from an 
unfiltered tap. Therefore, data from unfiltered samples 
should be used to estimate exposure concentrations. 
Consult with the RPM before using data from filtered 
samples. 

Ground-water monitoring data are often of limited 
use for evaluating long-term exposure concentrations 
because they are generally representative of current site 
conditions and not long-term trends. Therefore, ground
water models may be needed to estimate exposure 
concentrations. Monitoring data should be used when 
possible to calibrate the models. 

Estimating exposure concentrations in ground water 
using models can be a complex task because of the many 
physical and chemical processes that may affect transport 
and transformation in ground water. Among the 
important mechanisms that should be considered when 
estimating exposure concentrations in ground water are 
leaching from the surface, advection (including 
infiltration, flow through the unsaturated zone, and flow 
with ground water), dispersion, sorption (including 
adsorption, desorption, and ion exchange), and 
transformation (including biological degradation, 
hydrolysis, oxidation, reduction, complexation, 
dissolution, and precipitation). Another consideration is 
that not all chemicals may be dissolved in water, but may 

be present instead in nonaqueous phases that float on top 
of ground water or sink to the bottom of the aquifer. 

The proper selection and application of soil and 
ground-water models requires a thorough understanding 
of the physical, chemical, and hydrogeologic 
characteristics of the site. SEAM (EPA 1988b) provides 
a discussion of the factors controlling soil and ground
water contaminant migration as well as descriptions of 
various soil and ground-water models. For more in-depth 
guidance on the selection and application of appropriate 
ground-water models, consult Selection Criteria for 
Mathematical Models Used in Exposure Assessments: 
Ground-water Models (EPA 1988c). As with all 
modeling, the assessor should carefully evaluate the 
applicability of the model to the site being evaluated, and 
should consult with a hydrogeologist as necessary. 

If ground-water modeling is not used, current 
concentrations can be used to represent future 
concentrations in ground water assuming steady-state 
conditions. This assumption should be noted in the 
exposure assessment chapter and in the uncertainties and 
conclusions of the risk assessment. 

6.5.3	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN SOIL 

Estimates of current exposure concentrations in soil 
can be based directly on summarized monitoring data if 
it is assumed that concentrations remain constant over 
time. Such an assumption may not be appropriate for 
some chemicals and some sites where leaching, 
volatilization, photolysis, biodegradation, wind erosion, 
and surface runoff will reduce chemical concentrations 
over time. Soil monitoring data and site conditions 
should be carefully screened to identify situations where 
source depletion is likely to be important. SEAM (EPA 
1988b) gives steady-state equations for estimating many 
of these processes. However, incorporating these 
processes into the calculation of exposure concentrations 
for soil involves considerable effort. If a modeling 
approach is not adopted in these situations, assume a 
constant concentration over time and base exposure 
concentrations on monitoring data. This assumption 
should be clearly documented. 

In evaluating monitoring data for the assessment of 
soil contact exposures, the spatial distribution of the data 
is a critical factor. The spatial distribution of soil 
contamination can be used as a basis for estimating the 
average concentrations contacted over time if it is 
assumed that contact with soil is spatially random (i.e., if 
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contact with soil in all areas of the site is equally 
probable). Data from random sampling programs or 
samples from evenly spaced grid networks generally can 
be considered as representative of concentrations across 
the site. At many sites however, sampling programs are 
designed to characterize only obviously contaminated 
soils or hot spot areas. Care must be taken in evaluating 
such data sets for estimating exposure concentrations. 
Samples from areas where direct contact is not realistic 
(such as where a steep slope or thick vegetation prevents 
current access) should not be considered when estimating 
current exposure concentrations for direct contact 
pathways. Similarly, the depth of the sample should be 
considered; surface soil samples should be evaluated 
separately from subsurface samples if direct contact with 
surface soil or inhalation of wind blown dust are potential 
exposure pathways at the site. 

In some cases, contamination may be unevenly 
distributed across a site, resulting in hot spots (areas of 
high contamination relative to other areas of the site). If 
a hot spot is located near an area which, because of site 
or population characteristics, is visited or used more 
frequently, exposure to the hot spot should be assessed 
separately. The area over which the activity is expected 
to occur should be considered when averaging the 
monitoring data for a hot spot. For example, averaging 
soil data over an area the size of a residential backyard 
(e.g., an eighth of an acre) may be most appropriate for 
evaluating residential soil pathways. 

6.5.4	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN AIR 

There are three general approaches to estimating 
exposure concentrations in air: (1) ambient air 
monitoring, (2) emission measurements coupled with 
dispersion modeling, and (3) emission modeling coupled 
with dispersion modeling. Whichever approach is used, 
the resulting exposure concentrations should be as 
representative as possible of the specific exposure 
pathways being evaluated. If long-term exposures are 
being evaluated, the exposure concentrations should be 
representative of long-term averages. If short-term 
exposures are of interest, measured or modeled peak 
concentrations may be most representative. 

If monitoring data have been collected at a site, 
their adequacy for use in a risk assessment should be 
evaluated by considering how appropriate they are for the 

exposures being addressed. Volume II of the NTGS 
(EPA 1989b) provides guidance for measuring emissions 
and should be consulted when evaluating the 
appropriateness of emission data. See Chapter 4 (Section 
4.5.5) for factors to consider when evaluating the 
appropriateness of ambient air monitoring data. As long 
as there are no significant analytical problems affecting 
air sampling data, background levels are not significantly 
higher than potential site-related levels, and site-related 
levels are not below the instrument detection limit, air 
monitoring data can be used to derive exposure 
concentrations. There still will be uncertainties inherent 
in using these data because they usually are not 
representative of actual long-term average air 
concentrations. This may be because there were only a 
few sample collection periods, samples were collected 
during only one type of meteorological or climatic 
condition, or because the source of the chemicals will 
change over time. These uncertainties should be 
mentioned in the risk assessment. 

In the absence of monitoring data, exposure 
concentrations often can be estimated using models. Two 
kinds of models are used to estimate air concentrations:
 emission models that predict the rate at which chemicals 
may be released into the air from a source, and dispersion 
models that predict associated concentrations in air at 
potential receptor points. 

Outdoor air modeling.  Emissions may occur as a 
result of the volatilization of chemicals from 
contaminated media or as a result of the suspension of 
onsite soils. Models that predict emission rates for 
volatile chemicals or dust require numerous input 
parameters, many of which are site-specific. For volatile 
chemicals, emission models for surface water and soil are 
available in SEAM (EPA 1988b). Volume IV of the 
NTGS (EPA 1989c) also provides guidance for 
evaluating volatile emissions at Superfund sites. 
Emissions due to suspension of soils may result from 
wind erosion of exposed soil particles and from vehicular 
disturbances of the soil. To predict soil or dust 
emissions, EPA's fugitive dust models provided in AP42 
(EPA 1985b) or models described in SEAM (1988b) 
may be used. Volume IV of the NTGS (EPA 1989c) also 
will be useful in evaluating fugitive dust emissions at 
Superfund sites. Be sure to critically review all models 
before use to determine their applicability to the situation 
and site being evaluated. If necessary, consult with air 
modelers in EPA regional offices, the Exposure 
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Assessment Group in EPA headquarters or the Source 
Receptor Analysis Branch in OAQPS. 

After emissions have been estimated or measured, 
air dispersion models can be applied to estimate air 
concentrations at receptor points. In choosing a 
dispersion model, factors that must be considered include 
the type of source and the location of the receptor relative 
to the source. For area or point sources, EPA's Industrial 
Source Complex model (EPA 1987a) or the simple 
Gaussian dispersion models discussed in SEAM (EPA 
1988b) can provide air concentrations around the source.
 Other models can be found in Volume IV of the NTGS 
(EPA 1989c). The Source Receptor Analysis Branch of 
OAQPS also can be contacted for assistance. Again, 
critically review all models for their applicability. 

Indoor air modeling.  Indoor emissions may occur 
as a result of transport of outdoor-generated dust or 
vapors indoors, or as a result of volatilization of 
chemicals indoors during use of contaminated water (e.g., 
during showering, cooking, washing). Few models are 
available for estimating indoor air concentrations from 
outside sources. For dust transport indoors, it can 
generally be assumed that indoor concentrations are less 
than those outdoors. For vapor transport indoors, 
concentrations indoors and outdoors can be assumed to 
be equivalent in most cases. However, at sites where 
subsurface soil gas or ground-water seepage are entering 
indoors, vapor concentrations inside could exceed those 
outdoors. Vapor concentrations resulting from indoor 
use of water may be greater than those outdoors, 
depending on the emission source characteristics, 
dispersion indoors, and indoor-outdoor air exchange 
rates. Use models discussed in the Exposure Assessment 
Methods Handbook (EPA 1989f) to evaluate 
volatilization of chemicals from indoor use of water. 

6.5.5	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN SURFACE 
WATER 

Data from surface water sampling and analysis may 
be used alone or in conjunction with fate and transport 
models to estimate exposure concentrations. Where the 
sampling points correspond to exposure points, such as 
at locations where fishing or recreational activities take 
place, or at the intake to a drinking water supply, the 
monitoring data can be used alone to estimate exposure 
concentrations. However, the data must be carefully 
screened. The complexity of surface water processes 
may lead to certain limitations in monitoring data. 
Among these are the following. 

Temporal representativeness .  Surface 
water bodies are subject to seasonal changes 
in flow, temperature, and depth that may 
significantly affect the fate and transport of 
contaminants. Releases to surface water 
bodies often depend on storm conditions to 
produce surface runoff and soil erosion. 
Lakes are subject to seasonal stratification and 
changes in biological activity. Unless the 
surface water monitoring program has been 
designed to account for these phenomena, the 
data may not represent long-term average 
concentrations or short-term concentrations 
that may occur after storm events. 

Spatial representativeness .  Considerable 
variation in concentration can occur with 
respect to depth and lateral location in surface 
water bodies. Sample locations should be 
examined relative to surface water mixing 
zones. Concentrations within the mixing zone 
may be significantly higher than at 
downstream points where complete mixing 
has taken place. 

Quantitation limit limitations.  Where large 
surface water bodies are involved, 
contaminants that enter as a result of ground
water discharge or runoff from relatively small 
areas may be significantly diluted. Although 
standard analytical methods may not be able to 
detect chemicals at these levels, the toxic 
effects of the chemicals and/or their potential 
to bioaccumulate may nevertheless require 
that such concentrations be assessed. 

Contributions from other sources.  Surface 
water bodies are normally subject to 
contamination from many sources (e.g., 
pesticide runoff, stormwater, wastewater 
discharges, acid mine drainage). Many of the 
chemicals associated with these sources may 
be difficult to distinguish from site-related 
chemicals. In many cases background 
samples will be useful in assessing site-related 
contaminants from other contaminants (see 
Section 4.4). However, there may be other 
cases where a release and transport model 
may be required to make the distinction. 

Many analytical and numerical models are available 
to estimate the release of contaminants to surface water 
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and to predict the fate of contaminants once released. 
The models range from simple mass balance 
relationships to numerical codes that contain terms for 
chemical and biological reactions and interactions with 
sediments. In general, the level of information collected 
during the RI will tend to limit the use of the more 
complex models. 

There are several documents that can be consulted 
when selecting models to estimate surface water exposure 
concentrations, including SEAM (EPA 1988b), the 
Exposure Assessment Methods  Handbook  (EPA 
1989f), and Selection Criteria for Mathematical 
Models Used in Exposure Assessments: Surface Water 
Models (EPA 1987b). SEAM lists equations for surface 
water runoff and soil erosion and presents the basic mass 
balance relationships for estimating the effects of dilution.
 A list of available numerical codes for more complex 
modeling also is provided. The selection criteria 
document (EPA 1987b) provides a more in-depth 
discussion of numerical codes and other models. In 
addition, it provides guidelines and procedures for 
evaluating the appropriate level of complexity required 
for various applications. The document lists criteria to 
consider when selecting a surface water model, including: 
(1) type of water body, (2) presence of steady-state or 
transient conditions, (3) point versus non-point sources 
of contamination, (4) whether 1, 2, or 3 spatial 
dimensions should be considered, (5) the degree of 
mixing, (6) sediment interactions, and (7) chemical 
processes. Each of the referenced documents should be 
consulted prior to any surface water modeling. 

6.5.6	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN 
SEDIMENTS 

In general, use sediment monitoring data to estimate 
exposure concentrations. Sediment monitoring data can 
be expected to provide better temporal representativeness 
than surface water concentrations. This will especially be 
true in the case of contaminants such as PCBs, PAHs, and 
some inorganic chemicals, which are likely to remain 
bound to the sediments. When using monitoring data to 
represent exposure concentrations for direct contact 
exposures, data from surficial, near-shore sediments 
should be used. 

If modeling is needed to estimate sediment exposure 
concentrations, consult SEAM (EPA 1988b). SEAM 
treats surface water and sediment together for the purpose 
of listing available models for the release and transport of 
contaminants. Models for soil erosion releases are 

equally applicable for estimating exposure concentrations 
for surface water and sediment. Many of the numerical 
models listed in SEAM and the surface water selection 
criteria document (EPA 1987b) contain sections devoted 
to sediment fate and transport. 
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6.5.7	 ESTIMATE CHEMICAL 
CONCENTRATIONS IN FOOD 

Fish and shellfish.  Chemical concentrations in fish 
and shellfish may be measured or estimated. Site-specific 
measured values are preferable to estimated values, but 
before using such values, evaluate the sampling plan to 
determine if it was adequate to characterize the 
population and species of concern (see Section 4.5.6 for 
some sampling considerations). Also examine analytical 
procedures to determine if the quantitation limits were 
low enough to detect the lowest concentration potentially 
harmful to humans. Inadequate sampling or high levels 
of quantitation may lead to erroneous conclusions. 

In the absence of adequate tissue measurements, 
first consider whether the chemical bioconcentrates (i.e., 
is taken up from water) or bioaccumulates (i.e., is taken 
up from food, sediment, and water). For example, low 
molecular weight volatile organic chemicals do not 
bioaccumulate in aquatic organisms to a great extent. 
Other chemicals accumulate in some species but not in 
others. For example, PAHs tend to accumulate in 
mollusk species but not in fish, which rapidly metabolize 
the chemicals. For those chemicals that bioconcentrate in 
aquatic species of concern, use the organism/water 
partition coefficient (i.e., bioconcentration factor, or 
BCF) approach to estimate steady-state concentrations. 
BCFs that estimate concentrations in edible tissue 
(muscle) are generally more appropriate for assessing 
human exposures from fish or shellfish ingestion than 
those that estimate concentrations in the whole body, 
although this is not true for all aquatic species or 
applicable to all human populations consuming fish or 
shellfish. When data from multiple experiments are 
available, select the BCF from a test that used a species 
most similar to the species of concern at the site, and 
multiply the BCF directly by the dissolved chemical 
concentration in water to obtain estimates of tissue 
concentrations. Be aware that the study from which the 
BCF is obtained should reflect a steady state or 
equilibrium condition, generally achieved over long-term 
exposures (although some chemicals may reach steady 
state rapidly in certain species). For some chemicals, 
BCFs may overestimate tissue levels in fish that may be 
exposed only for a short period of time. 

When no BCF is available, estimate the BCF with 
a regression equation based on octanol/water partition 
coefficients (Kow). Several equations are available in the 

literature. Those developed for chemicals with structural 
similarities to the chemical of concern should be used in 
preference to general equations because of better 
statistical correlations. 

The regression equation approach to estimating 
BCFs can overestimate or underestimate concentrations 
in fish tissue depending upon the chemical of concern and 
the studies used to develop the regression equations. For 
example, high molecular weight PAHs (such as 
benz(a)pyrene) with high Kow values lead to the 
prediction of high fish tissue residues. However, PAHs 
are rapidly metabolized in the liver, and do not appear to 
accumulate significantly in fish. Regression equations 
using Kow cannot take into account such 
pharmacokinetics, and thus may overestimate 
bioconcentration. On the other hand, studies used to 
develop regression equations which were not 
representative of steady-state conditions will tend to 
underestimate BCFs. 

Typical methods for estimating fish tissue 
concentrations are based on dissolved chemical 
concentrations in water. While chemicals present in 
sediment and biota may also bioaccumulate in fish, there 
are only limited data available to estimate contributions 
to fish from these sources. However, chemicals that 
readily adsorb to sediments, such as PCBs, can be present 
in surface water at concentrations below detection limits 
and still significantly bioaccumulate.  Some models are 
available to assess the contribution of chemical 
concentrations in sediment to chemical concentrations in 
aquatic biota. CEAM (ERL Athens) may be of assistance 
in choosing and applying an appropriate model. 

Plants.  Site-related chemicals may be present in 
plants as a result of direct deposition onto plant surfaces, 
uptake from the soil, and uptake from the air.  When 
possible, samples of plants or plant products should be 
used to estimate exposure concentrations. In the absence 
of monitoring data, several modeling approaches are 
available for estimating exposure concentrations in 
plants. Use of these models, however, can introduce 
substantial uncertainty into an exposure assessment. 
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If deposition onto plants is the source of the 
chemical, air deposition modeling can be used in 
conjunction with plant interception fractions to estimate 
uptake. The plant interception fraction can be estimated 
by methods published in the literature or can be 
developed for a specific crop by considering crop yield 
and the area of the plant available for deposition. 

If soil contamination is the source of the chemical, 
calculate the concentration in plants by multiplying soil 
to plant partition coefficients by soil concentrations. Use 
the open literature or computerized data bases to obtain 
these coefficients from field, microcosm, or laboratory 
experiments that are applicable to the type of vegetation 
or crop of concern (see EPA 1985c sludge documents for 
some). In the absence of more specific information, use 
general BCFs published in the literature that are not crop-
specific (see Baes et al. 1984 for some). When using 
these parameters, it is important to consider that many 
site-specific factors affect the extent of uptake. These 
factors include pH, the amount of organic material 
present in soil, and the presence of other chemicals. 

When literature values are not available, consider 
equations published in the literature for estimating uptake 
into the whole plant, into the root, and translocation from 
the root into above ground parts (see Calamari et al. 
1987). Such methods require physical/chemical 
parameters such as Kow or molecular weight and were 
developed using a limited data base.  Scientific judgment 
must always be applied in the development and 
application of any partition coefficient, and caution must 
be applied in using these values in risk assessment. 

Terrestrial animals.   Use tissue monitoring data 
when available and appropriate for estimating human 
exposure to chemicals in the terrestrial food chain. In the 
absence of tissue monitoring data, use transfer 
coefficients together with the total chemical mass 
ingested by an animal per day to estimate contaminant 
concentrations in meat, eggs, or milk. Data to support 
modeling of uptake by terrestrial animals generally are 
not available for birds, but are available for some 
mammalian species. Terrestrial mammals such as cattle 
are simultaneously exposed to chemicals from several 
sources such as water, soil, corn silage, pasture grass, and 
hay. Cattle ingest varying amounts of these sources per 
day, each of which will contain a different contaminant 
concentration. Because all sources can be important with 
regard to total body burden, an approach based upon the 
daily mass of chemical ingested per day is recommended 
because it can be applied to input from many sources. 

Obtain transfer coefficients from the literature (see 
Ng et al. 1977, 1979, 1982; Baes et al. 1984 for some), 
or calculate them directly from feeding studies (see 
Jensen et al. 1981; Jensen and Hummel 1982; Fries et al. 
1973; Van Bruwaene et al. 1984). In the absence of this 
information, use regression equations in the literature for 
the estimation of transfer coefficients (see Travis and 
Arms 1988). It is important to be aware that regression 
equations that use feeding study results from short-term 
exposures may underestimate meat or milk 
concentrations. In addition, regression equations which 
rely on Kow values may overestimate exposures for 
chemicals such as benz(a)pyrene that are rapidly 
metabolized. Information on the amount of feed, soil and 
water ingested by dairy and beef cows is available in the 
literature and should be combined with chemical 
concentrations in these media to estimate a daily dose to 
the animal. 

6.5.8	 SUMMARIZE EXPOSURE 
CONCENTRATIONS FOR EACH 
PATHWAY 

Summarize the exposure concentrations derived for 
each pathway. Exhibit 6-10 presents a sample format. 

6.6	 QUANTIFICA TION OF 
EXPOSURE:  ESTIMATION OF 
CHEMICAL INTAKE 

This section describes the methodology for 
calculating chemical-specific intakes for the populations 
and exposure pathways selected for quantitative 
evaluation. The general equation for estimating intake 
was shown in Exhibit 6-9. Remember that the intakes 
calculated in this step are expressed as the amount of 
chemical at the exchange boundary (e.g., skin, lungs, gut) 
and available for absorption. Intake, therefore, is not 
equivalent to absorbed dose, which is the amount of a 
chemical absorbed into the blood stream. 
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The sections that follow give standard equations for 
estimating human intakes for all possible exposure routes 
at a site. Values for equation variables are presented for 
use in evaluating residential exposures. Considerations 
for deriving pathway-specific variable values for 
populations other than residential (i.e., 
commercial/industrial or recreational) also are  given. In 
general, both upper-bound (e.g., 95th percentile or 
maximum values) and average (mean or median) values 
are presented. These values can be used to calculate the 
RME or to evaluate uncertainty. A general discussion of 
which variable values should be used to calculate the 
RME was provided in Section 6.4.1; more specific 
guidance follows. A discussion of the uncertainty 
analysis is presented in Section 6.8. 

The information presented below is organized by 
exposure medium and exposure route. 

6.6.1	 CALCULATE GROUND-WATER 
AND SURFACE WATER INTAKES 

Individuals may be exposed to chemicals of 
potential concern in ground water and surface water by 
the following routes: 

(1)	 ingestion of ground water or surface water 
used as drinking water; 

(2)	 incidental ingestion of surface water while 
swimming; and 

(3)	 dermal contact with ground water or surface 
water. 

Inhalation exposures to chemicals that have 
volatilized from surface or ground water are covered in 
Section 6.6.3. 

Intake from drinking water.  Calculate residential 
intakes from ingestion of ground water or surface water 
used as drinking water, using the equation and variable 
values presented in Exhibit 6-11. As discussed in section 
6.5.3, chemical concentration in water (CW) should be 
based on data from unfiltered samples. Develop 
pathway-specific variable values as necessary. Ingestion 
rates (IR) could be lower for residents who spend a 
portion of their day outside the home (e.g., at work). 
Also, exposure frequency (EF) may vary with land use.
 Recreational users and workers generally would be 
exposed less frequently than residents. 

Intake from ingestion of surface water while 
swimming.  Calculate intakes from incidental ingestion 
of surface water while swimming. Use the equation and 
variable values presented in Exhibit 6-12. Chemical 
concentration in water (CW) should represent unfiltered 
concentrations. Incidental ingestion rates (IR) while 
swimming have not been found in the available literature.
 SEAM (EPA 1988b) recommends using an incidental 
ingestion rate of 50 ml/hour of swimming. Exposure 
duration (ED) will generally be less for recreational users 
of a surface water compared to residents living near the 
surface water. Workers are not expected to be exposed 
via this pathway. 

Intake from dermal contact.  Calculate intakes 
from dermal contact with water while swimming, wading, 
etc., or during household use (e.g., bathing). 

Use the equation and variable values presented in Exhibit 
6-13. In this case, the calculated exposure is actually the 
absorbed dose, not the amount of chemical that comes in 
contact with the skin (i.e., intake). This is because 
permeability constants (PC) reflect the movement of the 
chemical across the skin to the stratum corneum and into 
the bloodstream. Be sure to record this information in the 
summary of exposure assessment results so that the 
calculated intake is compared to an appropriate toxicity 
reference value in the risk characterization chapter. Note 
that PC are based on an equilibrium partitioning and 
likely result in an over-estimation of absorbed dose over 
short exposure periods (e.g., < 1 hr). The open literature 
should be consulted for chemical-specific PC values. 
The values in SEAM (EPA 1988b) are currently being 
reviewed and should not be used at this time. If 
chemical-specific PC values are not available, the 
permeability of water can be used to derive a default 
value. (See Blank et al. [1984] for some values [e.g., 
8.4x10-4cm/hr].) Note that this approach may 
underestimate dermal permeability for some organic 
chemicals. 
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To calculate the reasonable maximum exposure for 
this pathway, 50th percentile values, instead of 95th 
percentile values, are used for the area of exposed skin 
(SA). This is because surface area and body weight are 
strongly correlated and 50th percentile values are most
 representative of the surface area of individuals of 
average weight (e.g., 70 kg) which is assumed for this 
and all other exposure pathways. Estimates of exposure 
for this pathway are still regarded as conservative 
because generally conservative assumptions are used to 
estimate dermal absorption (PC) and exposure frequency 
and duration. 

Consider pathway-specific variations for the intake 
variables. SA will vary with activity and  the extent of 
clothing worn. For example, a greater skin surface area 
would be in contact with water during bathing or 
swimming than when wading. Worker exposure via this 
pathway will depend on the type of work performed at the 
site, protective clothing worn, and the extent of water use 
and contact. 

6.6.2	 CALCULATE SOIL, SEDIMENT, 
OR DUST INTAKES 

Individuals may be exposed to chemicals of 
potential concern in soil, sediment, or dust by the 
following routes: 

(1) incidental ingestion; and 
(2) dermal contact. 

Inhalation exposures to airborne soil or dust are 
discussed in Section 6.6.3. 

Incidental ingestion.  Calculate intakes from 
incidental ingestion of chemicals in soil by residents 
using the equation and variable values presented in 
Exhibit 6-14. Consider population characteristics that 
might influence variable values. Exposure duration (ED) 
may be less for workers and recreational users. 

The value suggested for ingestion rate (IR) for 
children 6 years old and younger are based primarily on 
fecal tracer studies and account for ingestion of indoor 
dust as well as outdoor soil. These values should be 
viewed as representative of long-term average daily 
ingestion rates for children and should be used in 
conjunction with an exposure frequency of 365 days/year.
 A term can be used to account for the fraction of soil or 
dust contacted that is presumed to be contaminated (FI).
 In some cases, concentrations in indoor dust can be equal 

to those in outdoor soil. Conceivably, in these cases, FI 
could be equal to 1.0. 

For ingestion of chemicals in sediment, use the 
same equation as that used for ingestion of soil. Unless 
more pathway-specific values can be found in the open 
literature, use as default variable values the same values 
as those used for ingestion of soil. In most instances, 
contact and ingestion of sediments is not a relevant 
pathway for industrial/commercial land use (a notable 
exception to this could be workers repairing docks). 

Dermal contact.  Calculate exposure from dermal 
contact with chemicals in soil by residents using the 
equation and variable values presented in Exhibit 6-15. 
As was the case with exposure to chemicals in water, 
calculation of exposure for this pathway results in an 
estimate of the absorbed dose, not the amount of chemical 
in contact with the skin (i.e., intake). Absorption factors 
(ABS) are used to reflect the desorption of the chemical 
from soil and the absorption of the chemical across the 
skin and into the blood stream. Consult the open 
literature for information on chemical-specific absorption 
factors. In the absence of chemical-specific information, 
use conservative assumptions to estimate ABS. 

Again, as with dermal exposure to water, 50th 
percentile body surface area (SA) values are used to 
estimate contact rates. These values are used along with 
average body weight because of the strong correlation 
between surface area and body weight. Contact rates may 
vary with time of year and may be greater for individuals 
contacting soils in the warmer months of the year when 
less clothing is worn (and hence, more skin is available 
for contact). Adherence factors (AF) are available for 
few soil types and body parts. The literature should be 
reviewed to derive AF values for other soil types and 
other body parts. Exposure frequency (EF) is generally 
determined using site-specific  information and 
professional judgment. 
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"Best guess" values for children potentially useful in risk 
assessments are 3 times/week for fall and spring days 
(>32oF) and 5 times/week for summer days when 
children are not attending school. As discussed 
previously, in some cases, concentrations in indoor dust 
could be equal to that in outdoor environments. 
Therefore, at some sites, EF could be 365 days/year. 
Worker and recreational user contact rates are dependent 
on the type of activity at the site. Exposure duration (ED) 
and exposure frequency (EF) may be lower for workers 
and recreational users. 

For dermal contact with sediment or dust, use the 
same equation as that for dermal contact with soil. As 
default values, also use the variable values given for 
dermal contact with soil unless more pathway-specific 
values can be found in the open literature. Adherence 
factors for some sediments (particularly sandy sediments) 
are likely to be much less than for soils because contact 
with water may wash the sediment off the skin. Exposure 
frequency for sediments also is probably lower than that 
for soils at many sites. 

6.6.3 CALCULATE AIR INTAKES 

Individuals may be exposed to chemicals of 
potential concern in air by inhalation of chemicals in the 
vapor phase or adsorbed to particulates.  Dermal 
absorption of vapor phase chemicals is considered to be 
lower than inhalation intakes in many instances and 
generally is not considered in Superfund exposure 
assessments. 

As with other pathways, the inhalation intakes are 
expressed in units of mg/kg-day. The combination of 
inhalation intakes with inhalation RfDs (expressed in 
concentration units of mg/m3) will be discussed in 
Chapters 7 and 8. 

Inhalation of vapor-phase chemicals . Calculate 
intakes from inhalation of vapor phase chemicals using 
the equation and variable values presented in Exhibit 6
16. Consider variations with land use. Exposure time 
(ET) will generally be less for workers and recreational 
users. For exposure times less than 24 hours per day, an 
hourly inhalation rate (IR) based on activity, age, and sex 
should be used instead of the daily IR values. Exposure 
duration (ED) may also be less for workers and 
recreational users. 

Inhalation of particulate phase chemicals. 
Calculate intakes from inhalation of particulate phase 
chemicals by modifying the equations and variable values 

presented in Exhibit 6-16 for vapor-phase exposures. 
Derive inhalation estimates using the particulate 
concentration in air, the fraction of the particulate that is 
respirable (i.e., particles 10 um or less in size) and the 
concentration of the chemical in the respirable fraction.
 Note that it may be necessary to adjust intakes of 
particulate phase chemicals if they are to be combined 
with toxicity values that are based on exposure to the 
chemical in the vapor phase. This adjustment is done in 
the risk characterization step. 

6.6.4 CALCULATE FOOD INTAKES 

Individuals may be exposed by ingestion of 
chemicals of potential concern that have accumulated in 
food. The primary food items of concern are: 

(1)	 fish and shellfish; 

(2)	 vegetables and other produce; and 

(3)	 meat, eggs, and dairy products (domestic and 
game species). 

Ingestion of fish and shellfish.  Calculate intakes 
from ingestion of fish and shellfish using the equation and 
variable values given in Exhibit 6-17. Exposure will 
depend in part on the availability of suitable fishing areas.
 The chemical concentration in fish or shellfish (CF) 
should be the concentration in the edible tissues (when 
available). The edible tissues will vary with aquatic 
species and with population eating habits. Residents near 
major commercial or recreational fisheries or shell 
fisheries are likely to ingest larger quantities of locally 
caught fish and shellfish than inland residents. In most 
instances, workers are not likely to be exposed via this 
pathway, although at some sites this may be possible. 

Ingestion of vegetables or other produce.  Calculate 
intakes from ingestion of contaminated vegetables or 
other produce using the equation and variable values 
given in Exhibit 6-18. This pathway will be most 
significant for farmers and for rural and urban residents 
consuming homegrown  fruits and vegetables. For 
contaminated backyard gardens, the fraction of food 
ingested that is contaminated (FI) can be estimated using 
information on the fraction of fruits or vegetables 
consumed daily that is home grown (HF). EPA (1989d) 
provides HF values for fruit (0.20, average; 0.30 worst-
case) and vegetables (0.25, average; 0.40, 
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worst-case). (Worst-case values can be used as estimates 
of the 95th percentile value.) Pao et al. (1982) provides 
specific values for a variety of fruits and vegetables. 

Workers are not likely to be exposed via this 
pathway. Recreational users could be exposed from 
consuming wild fruits or vegetables from the site, 
although such exposures are likely to be negligible. 

Ingestion of meat, eggs, and dairy products. 
Calculate intakes from ingestion of contaminated meat 
and dairy products using the equation and variable values 
given in Exhibit 6-19. Derive pathway-specific values as 
necessary. Rural residents may consume poultry as well 
as livestock and wild game that have been exposed to 
contaminants at the site. The fraction of food ingested 
daily that is contaminated (FI) can be  estimated for beef 
and dairy products using information provided in EPA 
(1989d) on the fraction of these foods that is homegrown 
(HF). HF for beef is estimated to be 0.44 (average) and 
0.75 (worst-case). HF for dairy products is estimated to 
be 0.40 (average) and 0.75 (worst-case). (Worst-case 
values can be used as estimates of the 95th percentile 
value.) Consider land-use variations. Workers are not 
likely to be exposed via this pathway. Exposure duration 
(ED) and exposure frequency (EF) will likely be less for 
recreational users (e.g., hunters). 

6.7	 COMBINING CHEMICAL 
INTAKES ACROSS 
PATHWAYS 

As discussed previously, the RME at a site reflects 
the RME for a pathway as well as the RME across 
pathways. A given population may be exposed to a 
chemical from several exposure routes. For example, 
residents may be exposed to chemicals in ground water 
via ingestion of drinking water and via inhalation of 
chemicals that have volatilized from ground water during 
its use. They also could be exposed to chemicals in 
vapors or dust that have migrated from the site. To 
calculate an exposure that is a reasonable maximum 
across pathways, it may be necessary to combine the 
RME for one pathway with an estimate of more typical 
exposure for another pathway (see Section 8.3.1). The 
average variable values identified in the previous sections 
can be used to calculate intakes for these more typical 
exposures. At this point in the assessment, estimated 
intakes are not summed across pathways; this is 
addressed in the risk characterization chapter. However, 
the assessor should organize the results of the previous 
exposure analyses (including any estimates of typical 

exposure) by grouping all applicable exposure pathway 
for each exposed population. This organization will 
allow risks from appropriate exposures to be combined 
in the risk characterization chapter (see Exhibit 6-22 for 
a sample summary format). 

6.8	 EVALUATING UNCERTAINTY 

The discussion of uncertainty is a very important 
component of the exposure assessment. Based on the 
sources and degree of uncertainty associated with 
estimates of exposure, the decision-maker will evaluate 
whether the exposure estimates are the maximum 
exposures that can be reasonably expected to occur. 
Section 8.4 provides a discussion of how the exposure 
uncertainty analysis is incorporated into the uncertainty 
analysis for the entire risk assessment. 

The discussion of uncertainty in the exposure 
assessment chapter should be separated into two parts.
 The first part is a tabular summary of the values used to 
estimate exposure and the range of these values. The 
table should include the variables that appear in the 
exposure equation as well as those used to estimate 
exposure concentrations (e.g., model variables). A 
simple example of this table is shown in Exhibit 6-20. 
For each variable, the table should include the range of 
possible values, the midpoint of the range (useful values 
for this part are given in Exhibits 6-11 through 6-19), and 
the value used to estimate exposure. In addition, a brief 
description of the selection rationale should be included.
 The discussion that accompanies the table in the 
exposure assessment chapter should identify which 
variables have the greatest range and provide additional 
justification for the use of values that may be less certain. 
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The second part of the uncertainty discussion is to 
summarize the major assumptions of the exposure 
assessment, to discuss the uncertainty associated with 
each, and to describe how this uncertainty is expected to 
affect the estimate of exposure. Sources of uncertainty 
that should be addressed include 1) the monitoring data, 
which may or may not be representative of actual 
conditions at the site; 2) the exposure models, 
assumptions and input variables used to estimate 
exposure concentrations; and 3) the values of the intake 
variables used to calculate intakes. Each of these sources 
should be discussed in the summary section of the 
exposure assessment. A table may be useful in 
summarizing this information. Exhibit 6-21 presents a 
sample format. 

A supplemental approach to uncertainty analysis is 
to use analytical methods (e.g., first-order uncertainty 
analysis) or numerical methods (e.g., Monte Carlo 
analysis). These methods and 

their limitations are described in greater detail in Section 
8.4 It is recommended that these analyses be used only 
after approval of the EPA project manager, and then, only 
as a part of the uncertainty analysis (and not as a basis for 
the reasonable maximum exposure). 

6.9 SUMMARIZING AND 
PRESENTING THE EXPOSURE 
ASSESSMENT RESULTS 

At this point, the exposure assessor should 
summarize the results of the exposure assessment. The 
summary information should be presented in table format 
and should list the estimated chemical-specific intakes for 
each pathway. The pathways should be grouped by 
population so that risks can be combined across pathways 
as appropriate. The summary information should be 
further grouped by current and future use categories. 
Within these categories, subchronic and chronic daily 
intakes should be summarized separately. Exhibit 6-22 
presents a sample format for this summary information.
 In addition to the summary table, provide sample 
calculations for each pathway, to aid in the review of the 
calculations. 
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CHAPTER 7


TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to 

weigh available evidence regarding the potential 
for particular contaminants to cause adverse effects 
in exposed individuals and to provide, where 
possible, an estimate of the relationship between 
the extent of exposure to a contaminant and the 
increased likelihood and/or severity of adverse 
effects. 

Toxicity assessment for contaminants found at 
Superfund sites is generally accomplished in two 
steps: hazard identification and dose-response 
assessment. These two steps were first discussed 
in the National Academy of Sciences' publication 
entitled Risk Assessment in the Federal 
Government - Managing the Process and more 
recently in EPA's Guidelines for Carcinogen Risk 
Assessment (NAS 1983, EPA 1986).  The first step, 
hazard identification, is the process of determining 
whether exposure to an agent can cause an increase 
in the incidence of a particular adverse health 
effect (e.g., cancer, birth defect) and whether the 
adverse health effect is likely to occur in humans. 
Hazard identification involves characterizing the 
nature and strength of the evidence of causation. 
The second step, dose-response evaluation, is the 
process of quantitatively evaluating the toxicity 
information and characterizing the relationship 
between the dose of the contaminant administered 
or received and the incidence of adverse health 
effects in the exposed population.  From this 
quantitative dose-response relationship, toxicity 
values (e.g., reference doses and slope factors) are 
derived that can be used to estimate the incidence 
or potential for adverse effects as a function of 
human exposure to the agent.  These toxicity 
values are used in the risk characterization step to 
estimate the likelihood of adverse effects occurring 
in humans at different exposure levels. 

Toxicity assessment is an integral part of the 
overall Superfund site risk assessment.  Although 
toxicity information is critical to the risk 

assessment, the amount of new toxicological 
evaluation of primary data required to complete 
this step is limited in most cases.  EPA has 
performed the toxicity assessment step for 
numerous chemicals and has made available the 
resulting toxicity information and toxicity values, 
which have undergone extensive peer review.  At 
some sites, however, there will be significant data 
analysis and interpretation issues that should be 
addressed by an experienced toxicologist.  This 
chapter provides step-by-step guidance for locating 
EPA toxicity assessments and accompanying 
values, and advises how to determine which values 
are most appropriate when multiple values exist. 
Prior to this procedural  discussion,  background 

ACRONYM S FOR CHAPTER 7 

ADI =  Acceptable Daily Intake 
AIC =  Acceptable Intake for Chronic Exposure 
AIS =  Acceptable Intake for Subchronic Exposure 
CRAVE =  Carcinogen Risk Assessment

 Verification Endeavor 
ECAO =  Environmental Criteria and Assessment
                Office 
HAD =  Health Assessment Document 
HEA =  Health Effects Assessment 
HEAST =  Health Effects Assessment Summary 

Tables 
HEED =  Health and Environmental Effects
                Document 
HEEP =  Health and Environmental Effects
               Profile 
IRIS =  Integrated Risk Information System 
LOAEL =  Lowest-Observed-Adverse-Effect-Level 
NOAEL =  No-Observed-Adverse-Effect-Level 
NOEL =  No-Observed-Effect-Level 
RfD = Reference Dose (when used without other       
          modifiers, RfD generally refers to
            chronic reference dose) 
RfDdt = Developmental Reference Dose 
RfD  = Subchronic Reference Dose s 
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DEFINITIONS FOR CHAPTER 7 

Acceptable Daily Intake (ADI). An estimate similar in concept to the RfD, but derived using a less strictly defined methodology. 
RfDs have replaced ADIs as the Agency's preferred values for use in evaluating potential noncarcinogenic health effects 
resulting from exposure to a chemical. 

Acceptable Intake for Chronic Exposure (AIC). An estimate similar in concept to the RfD, but derived using a less strictly defined 
methodology. Chronic RfDs have replaced AICs as the Agency's preferred values for use in evaluating potential 
noncarcinogenic health effects resulting from chronic exposure to a chemical. 

Acceptable Intake for Subchronic Exposure (AIS). An estimate similar in concept to the subchronic RfD, but derived using a less 
strictly defined methodology.  Subchronic RfDs have replaced AISs as the Agency's preferred values for use in evaluating 
potential noncarcinogenic health effects resulting from subchronic exposure to a chemical. 

Chronic Reference Dose (RfD).  An estimate (with uncertainty spanning perhaps an order of magnitude or greater) of a daily 
exposure level for the human population, including sensitive subpopulations, that is likely to be without an appreciable risk 
of deleterious effects during a lifetime.  Chronic RfDs are specifically developed to be protective for long-term exposure to 
a compound (as a Superfund program guideline, seven years to lifetime). 

Developmental Reference Dose (RfD dt).  An estimate (with uncertainty spanning perhaps an order of magnitude or greater) of an 
exposure level for the human population, including sensitive subpopulations, that is likely to be without an appreciable risk 
of developmental effects.  Developmental RfDs are used to evaluate the effects of a single exposure event. 

Dose-response Evaluation.  The process of quantitatively evaluating toxicity information and characterizing the relationship between 
the dose of a contaminant administered or received and the incidence of adverse health effects in the exposed population. From 
the quantitative dose-response relationship, toxicity values are derived that are used in the risk characterization step to estimate 
the likelihood of adverse effects occurring in humans at different exposure levels. 

Hazard Identification.  The process of determining whether exposure to an agent can cause an increase in the incidence of a 
particular adverse health effect (e.g., cancer, birth defect) and whether the adverse health effect is likely to occur in humans. 

Integrated Risk Information System (IRIS).  An EPA data base containing verified RfDs and slope factors and up-to-date health 
risk and EPA regulatory information for numerous chemicals.  IRIS is EPA's preferred source for toxicity information for 
Superfund. 

Lowest-Observed-Adverse-Effect-Level (LOAEL).  In dose-response experiments, the lowest exposure level at which there are 
statistically or biologically significant increases in frequency or severity of adverse effects between the exposed population and 
its appropriate control group. 

No-Observed-Adverse-Effect-Level (NOAEL). In dose-response experiments, an exposure level at which there are no statistically 
or biologically significant increases in the frequency or severity of adverse effects between the exposed population and its 
appropriate control; some effects may be produced at this level, but they are not considered to be adverse, nor precursors to 
specific adverse effects.  In an experiment with more than one NOAEL, the regulatory focus is primarily on the highest one, 
leading to the common usage of the term NOAEL to mean the highest exposure level without adverse effect. 

No-Observed-Effect-Level (NOEL).  In dose-response experiments, an exposure level at which there are no statistically or 
biologically significant increases in the frequency or severity of any effect between the exposed population and its appropriate 
control. 

Reference Dose (RfD). The Agency's preferred toxicity value for evaluating noncarcinogenic effects resulting from exposures at 
Superfund sites.  See specific entries for chronic RfD, subchronic RfD, and developmental RfD.  The acronym RfD, when 
used without other modifiers, either refers generically to all types of RfDs or specifically to chronic RfDs; it never refers 
specifically to subchronic or developmental RfDs. 
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DEFINITIONS FOR CHAPTER 7 
(continued) 

Slope Factor. A plausible upper-bound estimate of the probability of a response per unit intake of a chemical over a lifetime.  The slope 
factor is used to estimate an upper-bound probability of an individual developing cancer as a result of a lifetime of exposure to a 
particular level of a potential carcinogen. 

Subchronic Reference Dose (RfD s).  An estimate (with uncertainty spanning perhaps an order of magnitude or greater) of a daily exposure 
level for the human population, including sensitive subpopulations, that is likely to be without an appreciable risk of deleterious effects 
during a portion of a lifetime (as a Superfund program guideline, two weeks to seven years). 

Toxicity Value. A numerical expression of a substance's dose-response relationship that is used in risk assessments.  The most common 
toxicity values used in Superfund program risk assessments are reference doses (for noncarcinogenic effects) and slope factors (for 
carcinogenic effects). 

Weight of Evidence Classification. An EPA classification system for characterizing the extent to which the available data indicate that 
an agent is a human carcinogen.  Recently, EPA has developed weight-of-evidence classification systems for some other kinds of toxic 
effects, such as developmental effects. 

information regarding EPA's methods for toxicity 
assessment is provided to assist the risk assessor in 
understanding the basis of the toxicity values and the 
limitations of their use.  The steps of the toxicity 
assessment are illustrated in Exhibit 7-1. 

Derivation and interpretation of toxicity values 
requires toxicological expertise and should not be 
undertaken by those without training and experience. 
Detailed guidance for deriving toxicity values is 
beyond the scope of this document.  For those 
persons interested in obtaining additional 
information about EPA's methods for toxicity 
assessment, references to appropriate guidance 
documents are given throughout this chapter. 

7.1 TYPES	 OF TOXICOLOGICAL 
INFORMATION CONSIDERED IN 
TOXICITY AS SESSMENT 

This section summarizes information from 
several EPA documents (especially EPA 1989a, f) on 
the basic types of data used in toxicity assessment. 
As part of the hazard identification step of the 
toxicity assessment, EPA gathers evidence from a 
variety of sources regarding the potential for a 
contaminant to cause adverse health effects 
(carcinogenic and noncarcinogenic) in humans. 
These sources may include controlled epidemiologic 
investigations, clinical studies, and experimental

animal studies.  Supporting information may be 
obtained from sources such as in vitro test results 
and comparisons of structure-activity relationships. 
7.1.1 HUM AN DATA 

Well-conducted epidemiologic studies that 
show a positive association between an agent and a 
disease are accepted as the most convincing evidence 
about human risk. At present, however, human data 
adequate to serve as the sole basis of a dose-response 
assessment are available for only a few chemicals. 
Humans are generally exposed in the workplace or 
by accident, and because these types of exposures 
are not intentional, the circumstances of the 
exposures (concentration and time) may not be well 
known.  Often the incidence of effects is low, the 
number of exposed individuals is small, the latent 
period between exposure and disease is long, and 
exposures are to mixed and multiple substances. 
Exposed populations may be heterogeneous, varying 
in age, sex, genetic constitution, diet, occupational 
and home environment, activity patterns, and other 
cultural factors affecting susceptibility .  For these 
reasons, epidemiologic data require careful 
interpretation.  If adequate human studies (confirmed 
for validity and applicabili ty) exist, these studies are 
given first priority in the dose-response assessment, 
and animal toxicity studies are used as supportive 
evidence. 
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Human studies having inadequate exposure-
response information for a quantitative assessment 
are often used as supporting data.  Such studies may 
establish a qualitative relationship between 
environmental exposures and the presence of an 
adverse effect in exposed human populations.  For 
example, case reports of exposures resulting in 
effects similar to the types of effects observed in 
animals provide support for the conclusions drawn 
from the animal data. 

7.1.2 ANIMAL DATA 

The toxicity data base for most chemicals lacks 
sufficient information on toxic effects in humans. In 
such cases, EPA may infer the potential for the 
substance to cause an adverse effect in humans from 
toxicity information drawn from experiments 
conducted on non-human mammals, such as the rat, 
mouse, rabbit, guinea pig, hamster, dog, or monkey. 
The inference that humans and animals (mammals) 
are similar, on average, in intrinsic susceptibility  to 
toxic chemicals and that data from animals can in 
many cases be used as a surrogate for data from 
humans is the basic premise of modern toxicology. 
This concept is particularly important in the 
regulation of toxic chemicals.  There are occasions, 
however, in which observations in animals may be of 
uncertain relevance to humans.  EPA considers the 
likelihood that the agent will have adverse effects in 
humans to increase as similar results are observed 
across sexes, strains, species, and routes of exposure 
in animal studies. 

7.1.3 SUPPORTING DATA 

Several other types of studies used to support 
conclusions about the likelihood of occurrence of 
adverse health effects in humans are described 
below.  At the present time, EPA considers all of 
these types of data to be supportive, not definitive, in 
assessing the potential for adverse health effects in 
humans. 

Metabolic and other pharmacokinetic studies 
may be used to provide insights into the mechanism 
of action of a particular compound.  By comparing 
the metabolism of a compound exhibiting a toxic 
effect in an animal with the corresponding 
metabolism in humans, evidence for the potential of 

the compound to have toxic effects in humans may 
be obtained. 

Studies using cell cultures or microorganisms 
may be used to provide insights into a compound's 
potential for biological activity.  For example, tests 
for point mutations, numerical and structural 
chromosome aberrations, DNA damage/repair, and 
cell transformation may provide supportive evidence 
of carcinogenicity and may give information on 
potential mechanisms of carcinogenicity.  It should 
be noted, however, that lack of positive results in 
short-term tests for genotoxicity is not considered a 
basis for discounting positive results in long-term 
carcinogenicity studies in animals. 

Structure-activity studies (i.e., predictions of 
toxicologic activity based on analysis of chemical 
structure) are another potential source of supporting 
data. Under certain circumstances, the known 
activi ty of one compound may be used to estimate 
the activity of another structurally related compound 
for which specific data are lacking. 

7.2 TOXICITY AS SESSMENT FOR 
NONCARCINOGENIC EFFECTS 

This section summarizes how the types of 
toxicity information presented in Section 7.1 are 
considered in the toxicity assessment for 
noncarcinogenic effects.  A reference dose, or RfD, 
is the toxicity value used most often in evaluating 
noncarcinogenic effects resulting from exposures at 
Superfund sites.  Additionally, One-day or Ten-day 
Health Advisories (HAs) may be used to evaluate 
short-term oral exposures.  The methods EPA uses 
for developing RfDs and HAs are described below. 
Various types of RfDs are available depending on 
the exposure route (oral or inhalation), the critical 
effect (developmental or other), and the length of 
exposure being evaluated (chronic, subchronic, or 
single event).  This section is intended to be a 
summary description only; for additional details, 
refer to the appropriate guidelines and other sources 
listed as references for this chapter (especially EPA 
1986b, EPA 1989b-f). 

A chronic RfD is defined as an estimate (with 
uncertainty spanning perhaps an order of magnitude 
or greater) of a daily exposure level for the human 
population, including sensitive subpopulations, that 
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is likely to be without an appreciable risk of 
deleterious effects during a lifetime. Chronic RfDs 
are specifically developed to be protective for 
long-term exposure to a compound.  As a guideline 
for Superfund program risk assessments, chronic 
RfDs generally should be used to evaluate the 
potential noncarcinogenic effects associated with 
exposure periods between 7 years (approximately 10 
percent of a human lifetime) and a lifetime.  Many 
chronic RfDs have been reviewed and verified by an 
intra-Agency RfD Workgroup and entered into the 
Agency's Integrated Risk Information System (IRIS). 

FORMER TERM INOLOGY 

Prior to the development of RfDs, noncarcinogenic 
effects of chronic exposures were evaluated using values called 
acceptable daily intakes (ADIs) or acceptable intakes for chronic 
exposure (AICs).  While ADIs and AICs are similar in concept 
to RfDs, RfDs have been derived using a more strictly defined 
methodology and represent the Agency's preferred toxicity 
values.  Furthermore, many chronic RfDs have been reviewed 
and verified by an intra-Agency RfD Workgroup; these verified 
RfDs represent an Agency consensus and are preferred over 
other RfDs that have not undergone such review (see Section 
7.2.7, Verification of RfDs).  Similarly, acceptable intakes for 
subchronic exposures (AISs) have been superseded by the more 
strictly defined subchronic RfD values.  Therefore, the former 
terminology (ADI, AIC, AIS) should no longer be used in 
Superfund program risk assessments. 

More recently, EPA has begun developing 
subchronic RfDs (RfD ss), which are useful for 
characterizing potential noncarcinogenic effects 
associated with shorter-term exposures, and 
developmental RfDs (RfD dts), which are useful 
specifically for assessing potential developmental 
effects resulting from exposure to a compound. As 
a guideline for Superfund program risk assessments, 
subchronic RfDs should be used to evaluate the 
potential noncarcinogenic effects of exposure 
periods between two weeks and seven years.  Such 
short-term exposures can result when a particular 
activity is performed for a limited number of years or 
when a chemical with a short half-life degrades to 
negligible concentrations within several months. 
Developmental RfDs are used to evaluate the 
potential effects on a developing organism following 
a single exposure event. 

7.2.1 CONCEPT OF THRESHOLD 

For many noncarcinogenic effects, protective 
mechanisms are believed to exist that must be 
overcome before the adverse effect is manifested. 
For example, where a large number of cells perform 
the same or similar function, the cell population may 
have to be signif icantly depleted before the effect is 
seen.  As a result, a range of exposures exists from 
zero to some finite value that can be tolerated by the 
organism with essentially no chance of expression of 
adverse effects.  In developing a toxicity value for 
evaluating noncarcinogenic effects (i.e., an RfD), the 
approach is to identify the upper bound of this 
tolerance range (i.e., the maximum subthreshold 
level).  Because variability exists in the human 
population, attempts are made to identify a 
subthreshold level protective of sensitive individuals 
in the population.  For most chemicals, this level can 
only be estimated; the RfD incorporates uncertainty 
factors indicating the degree or extrapolation used to 
derive the estimated value.  RfD summaries in IRIS 
also contain a statement expressing the overall 
confidence that the evaluators have in the RfD (high, 
medium, or low).  The RfD is generally considered 
to have uncertainty spanning an order of magnitude 
or more, and therefore the RfD should not be viewed 
as a strict scientific  demarcation between what level 
is toxic and nontoxic. 

7.2.2 DERIVATION OF AN ORAL Rf D (RfD )o 

Identi fying the cri tical study and 
determining the NOAEL . In the development of 
oral RfDs, all available studies examining the 
toxicity of a chemical following exposure by the oral 
route are gathered and judged for scientific merit. 
Occasionally, studies based on other exposure routes 
(e.g., inhalation) are considered, and the data are 
adjusted for application to the oral route.  Any 
differences between studies are reconciled and an 
overall evaluation is reached.  If adequate human 
data are available, this information is used as the 
basis of the RfD.  Otherwise, animal study data are 
used; in these cases, a series of professional 
judgments are made that involve, among other 
considerations, an assessment of the relevance and 
scientific  quality of the experimental studies. If data 
from several animal studies are being evaluated, 
EPA first seeks to identify the animal model that is 
most relevant to humans based on a defensible 
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biological rationale, for instance, using comparative 
metabolic and pharmacokinetic data.  In the absence 
of a species that is clearly the most relevant, EPA 
assumes that humans are at least as sensitive to the 
substance as the most sensitive animal species tested. 
Therefore, as a matter of science policy, the study on 
the most sensitive species (the species showing a 
toxic effect at the lowest administered dose) is 
selected as the critical study for the basis of the RfD. 
The effect characterized by the "lowest-observed-
adverse-effect-level" (LOAEL) after dosimetric 
conversions to adjust for species differences is 
referred to as the critical toxic effect. 

After the critical study and toxic effect have 
been selected, EPA identifies the experimental 
exposure level representing the highest level tested 
at which no adverse effects (including the critical 
toxic effect) were demonstrated.  This highest "no-
observed-adverse-effect level"  (NOAEL) is the key 
datum obtained from the study of the dose-response 
relationship. A NOAEL observed in an animal study 
in which the exposure was intermittent (such as five 
days per week) is adjusted to reflect continuous 
exposure. 

The NOAEL is selected based in part on the 
assumption that if the critical toxic effect is 
prevented, then all toxic effects are prevented.  The 
NOAEL for the critical toxic effect should not be 
confused with the "no-observed-effect level" 
(NOEL).  The NOEL corresponds to the exposure 
level at which no effect at all has been observed; 
frequently, effects are observed that are not 
considered to be of toxicological significance.  In 
some studies, only LOAEL rather than a NOAEL is 
available.  The  use of a LOAEL,  however, 
requires the use of an additional uncertainty factor 
(see below). 

MULTIPLE TOXIC EFFECTS AND RfDs 

The RfD is developed from a NOAEL for the most 
sensitive, or critical, toxic effect based in part on the 
assumption that if the critical toxic effect is prevented, then all 
toxic effects are prevented.  It should be remembered during 
the risk characterization step of the risk assessment that if 
exposure levels exceed the RfD, then adverse effects in 
addition to the critical toxic effect may begin to appear. 

Applying uncertainty factors. The RfD is derived 
from the NOAEL (or LOAEL) for the critical toxic 
effect by consistent application of uncertainty factors 
(UFs) and a modifying factor (MF).  The uncertainty 
factors generally consist of multiples of 10 (although 
values less than 10 are sometimes used), with each 
factor representing a specific area of uncertainty 
inherent in the extrapolation from the available data. 
The bases for application of different uncertainty 
factors are explained below. 

�	 A UF of 10 is used to account for variation 
in the general population and is intended 
to protect sensitive subpopulations (e.g., 
elderly, children). 

�	 A UF of 10 is used when extrapolating 
from animals to humans.  This factor is 
intended to account for the interspecies 
variability  between humans and other 
mammals. 

�	 A UF of 10 is used when a NOAEL 
derived from a subchronic instead of a 
chronic study is used as the basis for a 
chronic RfD. 

�	 A UF of 10 is used when a LOAEL is used 
instead of a NOAEL.  This factor is 
intended to account for the uncertainty 
associated with extrapolating from 
LOAELs to NOAELs. 

In addition to the UFs listed above, a modifying 
factor (MF) is applied. 

�	 An MF ranging from >0 to 10 is included 
to reflect a qualitative professional 
assessment of additional uncertainties in 
the critical study and in the entire data 
base for the chemical not explicitly 
addressed by the preceding uncertainty 
factors.  The default value for the MF is 
1.1 

To calculate the RfD, the appropriate NOAEL (or 
the LOAEL if a suitable NOAEL is not available) is 
divided by the product of all of the applicable 
uncertainty factors and the modifying factor.  That is: 

RfD = NOAEL or LOAEL/(UF1 x UF ... x2 
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   MF) 

Oral RfDs typically are expressed as one significant 
figure in units of mg/kg-day.  These concepts are 
shown graphically in EPA (1989g).  To date, most 
RfDs developed by EPA and included in the sources 
listed in Section 7.4 are based on administered doses, 
not absorbed doses (see box on page 7-10). 

7.2.3 	DERIVATION OF AN INHALATION
       RfD (RfD )i 

The methods EPA uses in the derivation of 
inhalation RfDs are similar in concept to those used 
for oral RfDs; however, the actual analysis of 
inhalation exposures is more complex than oral 
exposures due to (1) the dynamics of the respiratory 
system and its diversity across species and (2) 
differences in the physicochemical properties of 
contaminants. Additional information can be found 
in EPA's Interim Methods for Development of 
Inhalation Reference Doses (EPA 1989d). 

Identi fying the critical study and determining the 
NOAEL . Al though in theory the identification of 
the critical study and the determination of the 
NOAEL is similar for oral and inhalation exposures, 
several important differences should be noted.  In 
selecting the most appropriate study, EPA considers 
differences in respiratory anatomy and physiology, 
as well as differences in the physicochemical 
characteristics of the contaminant.  Differences in 
respiratory anatomy and physiology may affect the 
pattern of contaminant deposition in the respiratory 
tract, and the clearance and redistribution of the 
agent.  Consequently, the different species may not 
receive the same dose of the contaminant at the same 
locations within the respiratory tract even though 
both species were exposed to the same particle or gas 
concentration.  Differences in the physicochemical 
characteristics of the contaminants, such as the size 
and shape of a particle or whether the contaminant is 
an aerosol or a gas, also influence deposition, 
clearance, and redistribution. 

In inhalation exposures, the target tissue may be 
a portion of the respiratory tract or, if the 
contaminant can be absorbed and distributed through 
the body, some extrarespiratory organ.  Because the 
pattern of deposition may influence concentrations at 
the alveolar exchange boundary or different tissues 

of the lung, the toxic health effect observed may be 
more directly related to the pattern of deposition than 
to the exposure concentration. Consequently, EPA 
considers the deposition, clearance mechanisms, and 
the physicochemical properties of the inhaled agent 
in determining the effective dose delivered to the 
target organ. 

Doses calculated in animals are converted to 
equivalent doses in humans on the basis of 
comparative physiological considerations (e.g., 
ventilatory parameters, regional lung surface areas). 
Additionally, if the exposure period was 
discontinuous, it is adjusted to reflect continuous 
exposure. 

Applying uncertainty factors. The inhalation 
RfD is derived from the NOAEL by applying 
uncertainty factors similar to those listed above for 
oral RfDs. The UF of 10 is used when extrapolating 
from animals to humans, in addition to calculation of 
the human equivalent dose, to account for 
interspecific variability in sensitivity  to the toxicant. 
The resulting RfD value for inhalation exposure is 
generally reported as a concentration in air (in mg/m 3 

for continuous, 24 hour/day exposure), although it 
may be reported as a corresponding inhaled intake 
(in mg/kg-day). A human body weight of 70 kg and 

3an inhalation rate of 20 m /day are used to convert 
between an inhaled intake expressed in units of 
mg/kg-day and a concentration in air expressed in 
mg/m . 3 

7.2.4  DERIVATION OF A S UBCHRONIC Rf D
       (RfD )s 

The chronic RfDs described above pertain to 
lif etime or other long-term exposures and may be 
overly protective if used to evaluate the potential for 
adverse health effects resulting from substantially 
less-than-lifetime exposures. For such situations, 
EPA has begun calculating toxicity values 
specifically for subchronic exposure durations, using 
a method similar to that outlined above for chronic 
RfDs.  EPA's Environmental Criteria and 
Assessment Office develops subchronic RfDs and, 
although they have been peer-reviewed by Agency 
and outside reviewers, RfDs values have not 
undergone verification by an intra-Agency 
workgroup (see Section 7.2.7).  As a result, 
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subchronic RfDs are considered interim rather than 
verified toxicity values and are not placed in IRIS. 

Development of subchronic reference doses 
parallels the development of chronic reference doses 
in concept; the distinction is one of exposure 
duration.  Appropriate studies are evaluated and a 
subchronic NOAEL is identified.  The RfDs is 
derived from the NOAEL by the application of UFs 
and MF as outlined above.  When experimental data 
are available only for shorter exposure durations than 
desired, an additional uncertainty factor is applied. 
This is similar to the application of the uncertainty 
factor for duration differences when a chronic RfD 
is estimated from subchronic animal data.  On the 
other hand, if subchronic data are missing and a 
chronic oral RfD derived from chronic data exists, 
the chronic oral RfD is adopted as the subchronic 
oral RfD.  There is no application of an uncertainty 
factor to account for differences in exposure duration 
in this instance. 

7.2.5 	DERIVATION OF DEVELOPMENTAL
           TOXICANT RfD (RfD )dt 

In developing an RfD , evidence is gathered dt 

regarding the potential of a substance to cause 
adverse effects in a developing organism as a result 
of exposure prior to conception (either parent), 
during prenatal development, or postnatally to the 
time of sexual maturation.  Adverse effects can 
include death, structural abnormality, altered growth, 
and functional deficiencies.  Maternal toxicity also is 
considered.  The evidence is assessed, and the 
substance is assigned a weight-of-evidence 
designation according to the scheme outlined below 
and summarized in the box in the opposite column. 
In this scheme, three levels are used to indicate the 
assessor's degree of confidence in the data: 
definitive evidence, adequate evidence, and 
inadequate evidence.  The definitive and adequate 
evidence categories are subdivided as to whether the 
evidence demonstrates the occurrence or the absence 
of adverse effects. 

WEIGHT-OF-EVIDENCE SCHEME FOR 
DEVELO PMENTAL TO XICITY 

�	 Definitiv e Evidence for: 

-  Human Developmental Toxicity 

-  No Apparent Human Developmental Toxicity 

�	 Adequate Evidence for: 

-  Potential Human Developmental Toxicity 

-	  No Apparent Potential Human Developmental
   Toxicity 

�	 Inadequate Evidence for Determining Potential 
Human Developmental Toxicity 

After the weight-of-evidence designation is 
assigned, a study is selected for the identification of 
a NOAEL.  The NOAEL is converted to an 
equivalent human dose, if necessary, and divided by 
uncertainty factors similar to those used in the 
development of an oral RfD.  It should be 
remembered that the RfDdt  is based on a short 
duration of exposure because even a single exposure 
at a critical time (e.g., during gestation) may be 
sufficient to produce adverse developmental effects 
and that chronic exposure is not a prerequisite for 
developmental toxicity to be manifested. Therefore, 
RfDdt  values are appropriate for evaluating single 
event exposures, which usually are not adjusted 
based on the duration of exposure. Additional 
information on the derivation of RfDdt  values is 
available in EPA's Proposed Amendments to the 
Guidelines for the Health Assessment of Suspect 
Developmental Toxicants (EPA 1989e). 

7.2.6 	ONE-DAY AND TEN-DAY HEALTH
          ADVISORIES 

Reference values that may be useful for 
evaluating potential adverse effects associated with 
oral exposures of shorter duration have been 
developed by the Office of Drinking Water.  These 
values are known as One-day and Ten-day Health 
Advisories, which are issued as nonregulatory 
guidance.  Health Advisory values are concentrations 
of contaminants in drinking water at which adverse 
health effects would not be expected to occur for an 
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exposure of the specified duration.  The Health 
Advisory values are based on data describing 
noncarcinogenic effects and are derived by dividing 
a NOAEL or LOAEL by the appropriate uncertainty 
and modifying factors.  They are based on a 10-kg 
child assumed to drink 1 liter of water per day, and 
a margin of safety is included to protect sensitive 
members of the population.  One-day and Ten-day 
Health Advisories do not consider any carcinogenic 
risk associated with the exposure even if the 
compound is a potential carcinogen.  For additional 
information on the derivation of Health Advisory 
values, refer to the Agency's guidance document 
(EPA 1989c). 

7.2.7 VERIFICATION OF Rf Ds 

EPA has formed an RfD Workgroup composed 
of members from many EPA offices to verify 
existing Agency RfDs and to resolve conflicting 
toxicity assessments and toxicity values within the 
Agency.  The Workgroup reviews the information 
regarding the derivation of an RfD for a substance 
and summarizes its evaluations, conclusions, and 
reservations regarding the RfD in a standardized 
summary form from one to several pages in length. 
This form contains information regarding the 
development of the RfD, such as the chosen effect 
levels and uncertainty factors, as well as a statement 
on the confidence that the evaluators have in the RfD 
itself, the critical study, and the overall data base 
(high, medium, or low).  Once verified, these data 

ABSORBED VERSUS

ADM INISTERED DO SE


Toxicity values -- for both noncarcinogenic and 
carcinogenic effects -- are generally calculated from critical 
effect levels based on administered rather than absorbed 
doses.  It is important, therefore, to compare such toxicity 
values to exposure estimates expressed as intakes 
(corresponding to administered doses), not as absorbed doses. 
For the few toxicity values that have been based on absorbed 
doses, either the exposure estimate or the toxicity value 
should be adjusted to make the values comparable (i.e., 
compare exposures estimated as absorbed doses to toxicity 
values expressed as absorbed doses, and exposures estimated 
as intakes to toxicity values expressed as administered doses). 
See Appendix A for guidance on making adjustments for 
absorption efficiency. 

evaluation summaries are entered into IRIS and are 
available for public access. 

Workgroup-approved RfDs are referred to as 
verified RfDs. Those RfDs awaiting workgroup 
approval are referred to as interim RfDs. At the time 
of this manual's publication, only chronic RfDs are 
being verified. No workgroup has been established 
to verify subchronic RfDs or developmental RfDs. 

7.3 TOXICITY AS SESSMENT FOR 
CARCINOGENIC EFFECTS 

This section describes how the types of toxicity 
information presented in Section 7.1 are considered 
in the toxicity assessment for carcinogenic effects. 
A slope factor and the accompanying weight-of-
evidence determination are the toxicity data most 
commonly used to evaluate potential human 
carcinogenic risks.  The methods EPA uses to derive 
these values are outlined below.  Additional 
information can be obtained by consulting EPA's 
Guidelines for Carcinogen Risk Assessment (EPA 
1986a) and Appendix B to IRIS (EPA 1989a). 

7.3.1 	CONCEPT OF NONTHRESHOLD
 EFFECTS 

Carcinogenesis, unlike many noncarcinogenic 
health effects, is generally thought to be a 
phenomenon for which risk evaluation based on 
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presumption of a threshold is inappropriate.  For 
carcinogens, EPA assumes that a small number of 
molecular events can evoke changes in a single cell 
that can lead to uncontrolled cellular proliferation 
and eventually to a clinical state of disease.  This 
hypothesized mechanism for carcinogenesis is 
referred to as "nonthreshold" because there is 
believed to be essentially no level of exposure to 
such a chemical that does not pose a finite 
probability, however small, of generating a 
carcinogenic response.  That is, no dose is thought 
to be risk-free.  Therefore, in evaluating cancer 
risks, an effect threshold cannot be estimated.  For 
carcinogenic effects, EPA uses a two-part 
evaluation in which the substance first is assigned 
a weight-of-evidence classification, and then a 
slope factor is calculated. 

7.3.2 ASSIGNING A WEIGHT OF 
EVIDENCE 

In the first step of the evaluation, the available 
data are evaluated to determine the likelihood that 
the agent is a human carcinogen.  The evidence is 
characterized separately for human studies and 
animal studies as sufficient, limited, inadequate, no 
data, or evidence of no effect.  The characterizations 
of these two types of data are combined, and based 
on the extent to which the agent has been shown to 
be a carcinogen in experimental animals or humans, 
or both, the agent is given a provisional weight-of-
evidence classification.  EPA scientists then adjust 
the provisional classification upward or downward, 
based on other supporting evidence of 
carcinogenicity (see Section 7.1.3).  For a further 
description of the role of supporting evidence, see 
the EPA guidelines (EPA 1986a). 

The EPA classification system for weight of 
evidence is shown in the box in the opposite column. 
This system is adapted from the approach taken by 
the International Agency for Research on Cancer 
(IARC 1982). 

7.3.3 GENERATING A SLOPE FACTOR 2 

In the second part of the evaluation, based on 
the evaluation that the chemical is a known or 
probable human carcinogen, a toxicity value that 
defines quantitatively the relationship between dose 
and response (i.e., the slope factor) is calculated. 

Slope factors are typically calculated for potential 
carcinogens in classes A, B1, and B2.  Quantitative 
estimation of slope factors for the chemicals in class 
C proceeds on a case-by-case basis. 

Generally, the slope factor is a plausible upper-
bound estimate of the probability of a response per 
unit intake of a chemical over a lifetime.  The slope 
factor is used in risk assessments to estimate an 
upper-bound lifetime probability of an individual 
developing cancer as a result of exposure to a 
particular level of a potential carcinogen. Slope 
factors should always be accompanied by the weight-
of-evidence classification to indicate the strength of 
the evidence that the agent is a human carcinogen. 

Identi fying the appropri ate data set. In deriving 
slope factors, the available information about a 
chemical is evaluated and an appropriate data set is 
selected.  In choosing appropriate data sets, human 
data of high quality are preferable to animal data.  If 

EPA WEIGH T-OF-EVIDENCE
    CLASSIFICATION SYSTEM FOR

           CARCINOGENICITY 

Group            Description 

A Human carcinogen 

B1 or 
B2 

Probable human carcinogen 

B1 indicates that limited human data are 
available. 

B2 indicates sufficient evidence in animals and 
inadequate or no evidence in humans. 

C Possible human carcinogen 

D Not classifiable as to human carcinogenicity 

E Evidence of noncarcinogenicity for humans 

animal data are used, the species that responds most 
similarly to humans (with respect to factors such as 
metabolism, physiology, and pharmacokinetics) is 
preferred. When no clear choice is possible, the most 
sensitive species is given the greatest emphasis. 
Occasionally, in situations where no single study is 
judged most appropriate, yet several studies 
collectively support the estimate, the geometric mean 
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of estimates from all studies may be adopted as the 
slope.  This practice ensures the inclusion of all 
relevant data. 

Extrapolating to lower doses. Because risk at 
low exposure levels is diffi cult to measure directly 
either by animal experiments or by epidemiologic 
studies, the development of a slope factor generally 
entails applying a model to the available data set and 
using the model to extrapolate from the relatively 
high doses administered to experimental animals (or 
the exposures noted in epidemiologic studies) to the 
lower exposure levels expected for human contact in 
the environment. 

A number of mathematical models and 
procedures have been developed to extrapolate from 
carcinogenic responses observed at high doses to 
responses expected at low doses. Different 
extrapolation methods may provide a reasonable fit 
to the observed data but may lead to large 
differences in the projected risk at low doses.  In 
keeping with EPA's Guidelines for Carcinogen Risk 
Assessment (EPA 1986a) and the principles outlined 
in Chemical Carcinogens: A Review of the Science 
and Its Associated Principles (OSTP 1985), the 
choice of a low-dose extrapolation model is 
governed by consistency with current understanding 
of the mechanism of carcinogenesis, and not solely 
on goodness-of-fit to the observed tumor data.  When 
data are limited and when uncertainty exists 
regarding the mechanisms of carcinogenic action, the 
EPA guidelines and OSTP principles suggest that 
models or procedures that incorporate low-dose 
linearity are preferred when compatible with the 
limited information available.  EPA's guidelines 
recommend that the linearized multistage model be 
employed in the absence of adequate information to 
the contrary. Among the other models available are 
the Weibull, probit, logit, one-hit, and gamma 
multihit models, as well as various time-to-tumor 
models. Most of these models are less conservative 
(i.e., predict lower cancer potency) than the 
linearized multistage model. These concepts and 
models are shown graphically in EPA (1989g) and 
OTA (1981). 

In general, after the data are fit to the 
appropriate model, the upper 95th percent 
confidence limit of the slope of the resulting dose-
response curve is calculated.  This value is known as 

the slope factor and represents an upper 95th percent 
confidence limit on the probability of a response per 
unit intake of a chemical over a lifetime (i.e., there is 
only a 5 percent chance that the probability  of a 
response could be greater than the estimated value on 
the basis of the experimental data and model used). 
In some cases, slope factors based on human dose-
response data are based on the "best" estimate instead 
of the upper 95th percent confidence limits. Because 
the dose-response curve generally is linear only in the 
low-dose region, the slope factor estimate only holds 
true for low doses.  Information concerning the 
limitations on use of slope factors can be found in 
IRIS. 

Determining equivalent human doses. When 
animal data are used as a basis for extrapolation, the 
human dose that is equivalent to the dose in the 
animal study is calculated using the assumption that 
different species are equally sensitive to the effects of 
a toxicant if they absorb the same amount of the agent 
(in milligrams) per unit of body surface area. This 
assumption is made only in the absence of specific 
information about the equivalent doses for the 
chemical in question.  Because surface area is 
approximately proportional to the 2/3 power of body 
weight, the equivalent human dose (in mg/day, or 
other units of mass per unit time) is calculated by 
multiplying the animal dose (in identical units) by the 
ratio of human to animal body weights raised to the 
2/3 power.  (For animal doses expressed as mg/kg-
day, the equivalent human dose, in the same units, is 
calculated by multiplying the animal dose by the ratio 
of animal to human body weights raised to the 1/3 
power.) 

When using animal inhalation experiments to 
estimate lifetime human risks for partially soluble 
vapors or gases, the air concentration (ppm) is 
generally considered to be the equivalent dose 
between species based on equivalent exposure times 
(measured as fractions of a lifetime).  For inhalation 
of particulates or completely absorbed gases, the 
amount absorbed per unit of body surface area is 
considered to be the equivalent dose between species. 

Summary of dose-response parameters. Toxicity 
values for carcinogenic effects can be expressed in 
several ways.  The slope factor is usually, but not 
always, the upper 95th percent confidence limit of the 
slope of the dose-response curve and is expressed as 
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(mg/kg-day) -1.  If the extrapolation model selected is 
the linearized multistage model, this value is also 
known as the q 1

*.  That is: 

Slope factor = risk per unit dose 
        = risk per mg/kg-day 

Where data permit, slope factors listed in IRIS are 
based on absorbed doses, although to date many of 
them have been based on administered doses.  (The 
qualifie rs related to absorbed versus administered 
dose given in the box on page 7-10 apply to 
assessment of cancer risk as well as to assessment of 
potential noncarcinogenic effects.) 

Toxicity values for carcinogenic effects 
also can be expressed in terms of risk per unit 
concentration of the substance in the medium where 
human contact occurs.  These measures, called unit 
risks, are calculated by dividing the slope factor by 
70 kg and multiplying by the inhalation rate (20 

3m /day) or the water consumption rate (2 liters/day),
respectively, for risk associated with unit 
concentration in air or water.  Where an absorption 
fraction less than 1.0 has been applied in deriving the 
slope factor, an additional conversion factor is 
necessary in the calculation of unit risk so that the 
unit risk will be on an administered dose basis.  The 
standardized duration assumption for unit risks is 
understood to be continuous lifetime exposure. 
Hence, when there is no absorption conversion 
required: 

air unit risk	 = risk per ug/m3 

= slope factor x 1/70 kg x 
3 -320m /day x 10

water unit risk = risk per ug/L 
= slope factor x 1/70 kg x 

2L/day x 10-3 

The multiplication by 10-3  is necessary to convert 
from mg (the slope factor, or q1

*, is given in (mg/kg-
-1	 3 -1  day) ) to ug (the unit risk is given in (ug/m )  or 

-1(ug/L) ).

7.3.4 	VERIFICATION OF S LOPE FACTORS 

EPA formed the Carcinogen Risk Assessment 
Verification Endeavor (CRAVE) Workgroup to 
validate Agency carcinogen risk assessments and 

resolve conflicting toxicity values developed by 
various program offices. Workgroup members 
represent many different EPA offices and are 
scientists experienced in issues related to both the 
qualitative and quantitative risk assessment of
carcinogenic agents. Slope factors verified by 
CRAVE have undergone extensive peer review and 
represent an Agency consensus. CRAVE- verified 
review summaries (similar to RfD Workgroup 
summaries) are entered into the IRIS data base. 

7.4	 IDENTIFYING APPROPRIATE 
TOXICITY VALUES FOR SITE 
RISK ASSESSMENT 

Using the methods outlined above, EPA has 
performed toxicity assessments for many chemicals 
found at Superfund sites and has made the results 
available for use.  This section provides step-by-step 
methods for locating appropriate toxicity information, 
including numerical toxicity values, to be used in 
Superfund risk assessments. Because one's 
confidence in toxicity values depends heavily on the 
data base and the methods of extrapolation used in 
their development, guidance is also included for 
identifying the important information on which these 
values are based. 

7.4.1 	GATHER TOXICITY INFORMATION
       FOR CHEMICALS BEING EVALUATED 

In the first step of the toxicity assessment, 
information is collected regarding the toxic effects 
that occur following exposure to the chemical being 
evaluated.  Particular attention should be paid to the 
route of exposure, the frequency and length of 
exposure, and the doses at which the adverse effects 
are expected to occur.  Chemicals having potential 
reproductive or developmental effects should be 
flagged.  Later in the evaluation, special reference 
doses for developmental effects can be sought for 
these chemicals. 

Several sources may provide useful toxicity 
information and references to primary literature, 
although only some of them should be used as sources 
for slope factors and reference doses (as explained 
below). 
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Integrated Risk Information System (IRIS).3 

IRIS is an EPA data base containing up-to-date 
health risk and EPA regulatory information for 
numerous chemicals.  IRIS contains only those RfDs 
and slope factors that have been verified by the RfD 
or CRAVE Workgroups and consequently, is 
considered to be the preferred source of toxicity 
information.  Information in IRIS supersedes all 
other sources.  Only if information is not available in 
IRIS for the chemical being evaluated should the 
sources below be consulted. IRIS consists of a 
collection of computer files on individual chemicals. 
Existing information on the chemicals is updated as 
new scientific data are reviewed.  New files and new 
chemicals are added as information becomes 
available.  These chemical fi les contain descriptive 
and quantitative information in the following 
categories: 

�	 oral and inhalation chronic reference 
doses; 

� oral and inhalation slope factors and unit 
risks for chronic exposure to carcinogens; 

�	 Health Advisories from EPA's Office of 
Drinking Water; 

� EPA regulatory action summaries; and 

� supplemental data on acute health hazards 
and physical/chemical properties. 

To ensure access to the most up-to-date 
chemical information, IRIS is only available on-line. 
For information on how to access this data base, call 
IRIS User Support at 513-569-7254 or see the 
Federal Register notice regarding the availability  of 
IRIS (EPA 1988a). 

Should EPA regional staff have specific 
technical or scientific questions about any 
verification workgroup's analysis of particular data 
cited in IRIS, the Agency contact for a particular 
chemical (identified at the end of each IRIS fi le) 
should be consulted.  If new data are identified 
suggesting that existing IRIS information may be 
outdated, or if there is concern or disagreement about 
the overall findings of particular files, the Agency 
IRIS coordinator should be consulted.  The IRIS 
coordinator can assist in making arrangements 

should discussions with a verification workgroup be 
needed. 

Health Effects Assessment Summary Tables 
(HEAST). Formerly "The Quarterly" and associated 
references, HEAST is a tabular presentation of 
toxicity information and values for chemicals for 
which Health Effects Assessments (HEAs), Health 
and Environmental Effects Documents (HEEDs), 
Health and Environmental Effects Profiles (HEEPs), 
Health Assessment Documents (HADs), or Ambient 
Air Quality Criteria Documents (AAQCDs) have been 
prepared. HEAST summarizes interim (and some 
verif ied) RfDs and slope factors as well as other 
toxicity information for specific chemicals.  In 
addition, HEAST directs readers to the most current 
sources of supporting toxicity information through an 
extensive reference section.  Therefore, HEAST is 
especially helpful when verified information for a 
chemical is not in IRIS.  HEAST, which is updated 
quarterly, also provides a valuable pointer system for 
identifying current references on chemicals that are 
not in IRIS. 

HEAST can be obtained upon request from the 
Superfund Docket (FTS or 202-382-3046).  The 
Docket will mail copies of HEAST to callers and 
place requestors on a mailing list to receive an 
updated version quarterly.  HEAs, HEEDs, HEEPs, 
HADs, and AAQCDs referenced in HEAST are 
available through EPA's Center for Environmental 
Research Information (CERI) in Cincinnati, OH (513-
569-7562 or FTS 684-7562) or the National Technical 
Information Service (NTIS), 5285 Port Royal Road, 
Springfield, VA 22161 (703-487-4650 or 800-336-
4700). 

EPA cri teria documents. These documents include 
drinking water criteria documents, drinking water 
Health Advisory summaries,  ambient water quality 
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HIERARCHY OF TOXICITY INFORMATION 

Because toxicity information may change rapidly and quickly become outdated, care should be taken to find the most recent 
information available.  IRIS is updated monthly, provides verified RfDs and slope factors, and is the Agency's preferred source of 
toxicity information. Only if values are unavailable in IRIS should other information sources be consulted. 

HEAST is the second most current source of toxicity information of importance to Superfund.  Unlike IRIS, HEAST 
provides information regarding interim as well as verified RfDs and slope factors.  Readers are directed to supporting toxicity 
information for interim and verified values in an extensive reference section of HEAST.  HEAST information should only be sought 
for those chemicals not listed in IRIS. 

Toxicity information, RfDs, and slope factors also can be found in other EPA documents.  Although these values were 
developed by offices within the Agency, they have not necessarily been verified by the RfD or CRAVE Workgroups.  The use of 
up-to-date verified information is preferred to the use of interim information and, therefore, toxicity information should be obtained 
from other EPA references only if information could not be found in IRIS or HEAST.  Before using references other than those cited 
in IRIS or HEAST, check with ECAO at 513-569-7300 (FTS 684-7300) to see if more current information is available. 

criteria documents, and air quality criteria EPA's Environmental Criteria and Assessment 
documents, and contain general toxicity information Office (ECAO). ECAO may be contacted at 513
that can be used if information for a chemical is not 569-7300 (FTS 684-7300) for general toxicological 
available through IRIS or the HEAST references. information as well as for technical guidance 
Criteria documents are available through NTIS at concerning route-to-route extrapolations, toxicity 
the address given above.  Information on drinking values for dermal exposures, and the evaluation of 
water criteria documents can be obtained through chemicals without toxicity values.  The requestor 
the Safe Drinking Water Hotline (800-426-4791). should identify their need for a "rapid response 

request" (within 48 hours) for interim guidance on 
Agency for Toxic Substances and Disease Superfund health-related issues.  Contractors must 

Registry (ATSDR) toxicological profiles. ATSDR give the name and address of their RPM or regional 
is developing toxicological profiles for 275 risk assessment contact before ECAO will respond. 
hazardous substances found at Superfund sites.  The RPMs and regional contacts will be sent a copy of 
first 200 substances to be addressed have been ECAO's response to the contractor. 
identified in Federal Register notices (EPA 1987, 
1988b).  These profiles contain general toxicity Open literature. A primary literature search may 
information and levels of exposure associated with be valuable for determining whether new data are 
lethality, cancer, genotoxicity, neurotoxicity, available that may affect IRIS information. 
developmental and reproductive toxicity, 
immunotoxicity, and systemic toxicity (i.e., hepatic, 7.4.2 DETERMINE TOXICITY VALUES 
renal, respiratory, cardiovascular, gastrointestinal, FOR NONCARCINOGENIC 
hematological, musculoskeletal, and dermal/ocular EFFECTS (RfDs) 
effects).  Health effects in humans and animals are 
discussed by exposure route  (i.e., oral, inhalation, After general toxicity information for the chemicals 
and  dermal) and duration (i.e., acute, intermediate, of concern has been located, the next step is to 
and chronic).  Also included in the profiles are identify the appropriate toxicity values to be used in 
chapters on physicochemical properties, evaluating noncarcinogenic effects associated with 
environmental fate, potential for human exposure, the specific exposures being assessed.  First, by 
analytical methods, and regulatory and advisory referring to the exposure information generated in 
status. Contact NTIS at the address given on the Chapter 6, the exposure periods for which toxicity 
previous page for further information on the status values are 
or availability of a particular profile. 
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necessary and the exposure route for each chemical 
being evaluated should be determined.  The 
appropriate toxicity values for the chemical for each 
exposure duration and route of exposure can then be 
identified using the sources listed above. 

For Superfund risk assessments, chronic RfDs 
should be identified for evaluating exposure periods 
between seven years and a lifetime, subchronic RfDs 
for exposure periods between two weeks and seven 
years, and One- or Ten-day Health Advisories for 
oral exposure periods of less than two weeks. 
According to EPA (1988c), One-day Health 
Advisories are applicable to exposure periods as long 
as two weeks.  Developmental RfDs should be 
identified for evaluating single exposure events and 
other very short exposures (e.g., one day). Note that 
for some substances and some exposure situations, 
more than one of the toxicity values listed above may 
be needed to adequately assess potential 
noncarcinogenic effects. 

Because carcinogens also commonly evoke 
noncarcinogenic effects, RfDs should be sought for 
all chemicals being carried through the risk 
assessment, including carcinogens.  The RfDs 
derived for carcinogens, however, are based on 
noncancer effects and should not be assumed to be 
protective against carcinogenicity.  A sample format 
for summarizing RfDs and other toxicity values is 
shown in Exhibit 7-2.  This information will be 
needed in the risk characterization step (see Exhibits 
8-3 and 8-4). 

7.4.3 	 DETERMINE TOXICITY VALUES 
FOR CARCINOGENIC EFFECTS 
(SLOPE FACTORS) 

In this step of the toxicity assessment, 
appropriate toxicity values for evaluating the 
carcinogenic risks associated with exposure are 
identif ied.  First, by referring to the exposure 
information generated in Chapter 6, the route of 
exposure for the potential carcinogens being 
evaluated should be identified.  Slope factors for 
these chemicals can then be identified using the 
hierarchy of  sources  listed  in  the box on page 7-
15. Slope factors for all potential carcinogens 
having a weight-of-evidence classification of A, B, 
or C should be sought.  A notation of the EPA 
weight-of-evidence classification should always be 

included with the slope factor.  A sample format for 
summarizing the required toxicity values is shown in 
Exhibit 7-3.  This information will be needed in the 
risk characterization step (see Exhibit 8-2). 

7.5 EVALUATING CHEMICALS FOR 
WHICH NO TOX ICITY VALUES 
ARE AVAILABLE 

If EPA-derived RfDs and slope factors are 
available for the chemicals being examined, these 
values should always be used in the risk assessment. 
Use of EPA-derived toxicity values prevents 
duplication of effort and ensures consistency among 
risk assessments.  If EPA-derived toxicity values are 
not available, the following measures are 
recommended. 

7.5.1  ROUTE-TO-ROUTE 
EXTRAPOLATION 

For cases in which EPA-derived toxicity values 
are not available for the route of exposure being 
considered but are available for another route, EPA 
recommends contacting ECAO for guidance on 
route-to-route extrapolation.  If toxicity information 
is not available from ECAO, a qualitative rather than 
quantitative evaluation of the chemical is 
recommended.  The implications of the absence of 
this chemical from the risk estimate should be 
discussed in the uncertainty section. 

7.5.2 DERMAL EXPOSURE 

No RfDs or slope factors are available for the 
dermal route of exposure.  In some cases, however, 
noncarcinogenic or carcinogenic risks associated 
with dermal exposure can be evaluated using an oral 
RfD or oral slope factor, respectively.  EPA 
recommends contacting ECAO for guidance on 
appropriate methods for evaluating dermal exposure 
for specific chemicals; some general guidance for 
calculating intakes via the dermal route and making 
appropriate comparisons with oral RfD values is 
given in Appendix A.  In brief, exposures via the 
dermal route generally are calculated and expressed 
as absorbed doses. These absorbed doses are 
compared to an oral toxicity value that has been 
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adjusted, if necessary, so that it too is expressed as 
an absorbed dose. 

It is inappropriate to use the oral slope factor to 
evaluate the risks associated with dermal exposure to 
carcinogens such as benz(a)pyrene, which cause skin 
cancer through a direct action at the point of 
application.  These types of skin carcinogens and 
other locally active compounds must be evaluated 
separately from the above method; consult ECAO for 
guidance.  Generally only a qualitative assessment of 
risks from dermal exposure to these chemicals is 
possible.  This does not apply to carcinogens such as 
arsenic, which are believed to cause skin cancer 
through a systemic rather than local action. 

If information is not available from ECAO, the 
assessor should describe the effects of the chemical 
qualitatively and discuss the implications of the 
absence of the chemical from the risk estimate in the 
uncertainty section of the risk assessment. 

7.5.3 GENERATION OF TOXICITY VALUES 

If EPA-derived toxicity values are unavailable 
but adequate toxicity studies are available, one may 
derive toxicity values using Agency methodology. 
Any such derivation should be done in conjunction 
with the regional risk assessment contact, who will 
submit the derivation to ECAO for approval. Contact 
with ECAO should be  established early in the 
process to eliminate any duplication of effort 
because ECAO may have information on the 
chemical being evaluated. 

7.6 UNCERTAINTIES RELATED TO 
TOXICITY INF ORMATION 

Toxicity information for many of the chemicals 
found at Superfund sites is often limited. 
Consequently, there are varying degrees of 
uncertainty associated with the toxicity values 
calculated.  Sources of uncertainty associated with 
toxicity values may include: 

� using dose-response information from 
effects observed at high doses to predict 
the adverse health effects that may occur 
following exposure to the low levels 

expected from human contact with the 
agent in the environment; 

� using dose-response information from 
short-term exposure studies to predict the 
effects of long-term exposures, and vice-
versa; 

� using dose-response information from 
animal studies to predict effects in 
humans; and 

� using dose-response information from 
homogeneous animal populations or 
healthy human populations to predict the 
effects likely to be observed in the general 
population consisting of individuals with 
a wide range of sensitivities. 

An understanding of the degree of uncertainty 
associated with toxicity values is an important part of 
interpreting and using those values.  Therefore, as 
part of the toxicity assessment for Superfund sites, a 
discussion of the strength of the evidence of the 
entire range of principal and supporting studies 
should be included.  The degree of confidence 
ascribed to a toxicity value is a function of both the 
quality of the individual study from which it was 
derived and the completeness of the supporting data 
base.  EPA-verified RfDs found in IRIS are 
accompanied by a statement of the confidence that 
the evaluators have in the RfD itself, the critical 
study, and the overall data base.  All EPA-verified 
slope factors are accompanied by a weight-of-
evidence classification, which indicates the 
likelihood that the agent is a human carcinogen.  The 
weight-of-evidence classification is based on the 
completeness of the evidence that the agent causes 
cancer in experimental animals and humans.  These 
designations should be used as one basis for the 
discussion of uncertainty. 
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The discussion of uncertainty also should 
include an indication of the extent to which an 
analysis of the results from different studies give a 
consistent, plausible picture of toxicity.  The greater 
the strength of the evidence, the greater one's 
confidence in the conclusions drawn.  The following 
factors add to the strength of the evidence that the 
chemical poses a hazard to humans and should be 
considered: 

� similar effects across species, strains, sex, 
and routes of exposure; 

�	 clear evidence of a dose-response 
relationship; 

�	 a plausible relationship among data on 
metabolism, postulated mechanism of 
action, and the effect of concern (see 
Section 7.1.3); 

� similar toxicity exhibited by structurally 
related compounds (see Section 7.1.3); 
and 

�	 some link between the chemical and 
evidence of the effect of concern in 
humans (see Section 7.1.1). 

High uncertainty (low confidence; low strength 
of evidence) indicates that the toxicity value might 
change if additional chronic toxicity data become 
available. Low uncertainty (high confidence) is an 
indication that a value is less likely to change as 
more data become available, because there is 
consistency among the toxic responses observed in 
different species, sexes, study designs, or in dose-
response relationships.  The lower the uncertainty 
about toxicity values, the more confidence a 
decision-maker can have in the risk assessment 
results.  Often, high confidence is associated with 
values that are based on human data for the exposure 
route of concern. 

7.7 SUMMARIZ ATION AND 
PRESENTATION OF  THE 
TOXICITY INF ORMATION 

This section discusses methods for presenting 
toxicity information in the risk assessment document 
for the chemicals being evaluated. 

7.7.1 	TOXICITY INFORMATION FOR THE
 MAIN BODY OF THE TEXT 

A short description of the toxic effects of each 
chemical carried through the assessment in non-
technical language should be prepared for inclusion 
in the main body of the risk assessment. Included in 
this description should be information on the effects 
associated with exposure to the chemical and the 
concentrations at which the adverse effects are 
expected to occur in humans.  Toxicity values should 
be accompanied by a brief description of the overall 
data base and the particular study from which the 
value was derived.  In addition, a notation should be 
made of the critical effect and any uncertainty factors 
used in the calculation.  For any RfD value obtained 
from IRIS, a notation of the degree of confidence 
associated with the determination should also be 
included.  To aid in the risk characterization, it 
should  be indicated  if absorption efficiency was 
considered and also what exposure averaging periods 
are appropriate for comparison with the value. 

Summary tables of toxicity values for all 
chemicals should be prepared for inclusion in the 
main body of the risk assessment report.  RfDs in the 
table should be accompanied with the uncertainty 
factors used in their derivation, the confidence rating 
given in IRIS (if applicable), and a notation of the 
critical effect. Slope factors should always be 
accompanied by EPA's weight-of-evidence 
classification. 

7.7.2 	TOXICITY INFORMATION FOR
       INCLUSION IN AN APPENDIX 

If toxicity values were derived in conjunction 
with the regional risk assessment contact and ECAO 
for chemicals lacking EPA-derived values, a 
technical documentation/justification of the method 
of derivation should be prepared and included in the 
appendix of the risk assessment report.  Included in 
this explanation should be a description of the toxic 
effects of the chemical such as information regarding 
the noncarcinogenic, carcinogenic, mutagenic, 
reproductive, and developmental effects of the 
compound.  Also presented should be brief 



Page 7-21 

descriptions (species, route of administration, 
dosages, frequency of exposure, length of exposure, 
and critical effect) of the studies from which the 
values were derived as well as the actual method of 
derivation.  References for the studies cited in the 
discussion should be included. 
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ENDNOTES FOR CHAPTER 7 

1. The MF is set less than one for a small number of substances to account for nutritional essentiality. 

2. The slope factor is occasionally referred to as a cancer potency factor; however, use of this terminology is not recommended. 

3.  The quantitative risk values and supporting information found in IRIS represent a consensus judgement of EPA's Reference Dose Workgroup 
or Carcinogen Risk Assessment Verification Endeavor (CRAVE) Workgroup.  These workgroups are composed of scientists from EPA's program 
offices and the Office of Research and Development. The concept of Agency-wide consensus is one of the most valuable aspects of IRIS. 
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CHAPTER 8


RISK CHARACTERIZ ATION

This chapter describes the final step of the 

baseline health risk assessment process, risk 
characterization.  In this step, the toxicity and 
exposure assessments are summarized and 
integrated into quantitative and qualitative 
expressions of risk.  To characterize potential 
noncarcinogenic effects, comparisons are made 
between projected intakes of substances and 
toxicity values; to characterize potential 
carcinogenic effects, probabilities that an 
individual will develop cancer over a lifetime of 
exposure are estimated from projected intakes and 
chemical-specific dose-response information. 
Major assumptions, scientific judgments, and to 
the extent possible, estimates of the uncertainties 
embodied in the assessment are also presented. 

Risk characterization also serves as the bridge 
between risk assessment and risk management and 
is therefore a key step in the ultimate site decision-
making process. This step assimilates risk 
assessment information for the risk manager (RPM 
or regional upper management involved in site 
decision-making) to be considered alongside other 
factors important for decision-making such as 
economics, technical feasibility, and regulatory 
context.  The risk characterization methods 
described in this chapter are consistent with EPA's 
published risk assessment guidelines.  Exhibit 8-1 
is an overview of risk characterization, and 
illustrates how it relates to the preceding toxicity 
and exposure assessments and to the following 
development of preliminary remediation goals. 

In the following sections, the risk 
characterization methodology is described.  There 
are separate discussions for carcinogenic and 
noncarcinogenic effects because the methodology 
differs for these two modes of chemical toxicity. 
In addition to giving instructions for calculating 
numerical estimates of risk, this chapter provides 
guidance for interpreting, presenting, and 
qualify ing the results.  A risk characterization 

cannot be considered complete unless the numerical 
expressions of risk are accompanied by explanatory 
text interpreting and qualify ing the results. 

8.1	 REVIEW OF OUTPUTS FROM 
THE TOX ICITY AND 
EXPOSURE ASSESSMENTS 

Most sites being assessed will involve the 
evaluation of more than one chemical of concern and 
might include both carcinogenic and noncarcinogenic 
substances. The first step in risk characterization is to 
gather, review, compare, and organize the results of the 
exposure assessment (e.g., intakes for all exposure 
pathways and land-uses and for all relevant substances) 
and toxicity assessment (e.g., toxicity values  for  all 
exposure 

ACRONYM S FOR CHAPTER 8 

ARAR = Applicable or Relevant and Appropriate

               Requirement

ATSDR= Agency for Toxic Substances and Disease

                Registry

CDI = Chronic Daily Intake

ECAO = Environmental Criteria and Assessment

               Office

E = Exposure Level

HI = Hazard Index

IRIS = Integrated Risk Information System

LOAEL = Lowest-Observed-Adverse-Effect-Level

NOAEL = No-Observed-Adverse-Effect-Level

NRC = Nuclear Regulatory Commission

RfD = Reference Dose (when used without

            other modifiers, RfD generally refers to
            chronic reference dose)

RfDdt = Developmental Reference Dose

RfD  = Subchronic Reference Dose
s 

RI/FS = Remedial Investigation/Feasibil ity Study

RME = Reasonable Maximum Exposure

SDI = Subchronic Daily Intake

SF = Slope Factor
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DEFINITIONS FOR CHAPTER 8 

Absorbed Dose.  The amount of a substance penetrating the exchange boundaries of an organism after contact.  Absorbed dose is calculated 
from the intake and the absorption efficiency.  It usually is expressed as mass of a substance absorbed into the body per unit body weight 
per unit time (e.g., mg/kg-day). 

Administered Dose. The mass of substance given to an organism and in contact with an exchange boundary (e.g., gastrointestinal tract) per 
unit body weight per unit time (e.g., mg/kg-day). 

Chronic Reference Dose (RfD).  An estimate (with uncertainty spanning perhaps an order of magnitude or greater) of a daily exposure level 
for the human population, including sensitive subpopulations, that is likely to be without an appreciable risk of deleterious effects during 
a lifetime.  Chronic RfDs are specifically developed to be protective for long-term exposure to a compound (as a Superfund program 
guideline, seven years to lifetime). 

Developmental Reference Dose (RfD dt).  An estimate (with uncertainty spanning perhaps an order of magnitude or greater) of an exposure level 
for the human population, including sensitive subpopulations, that is likely to be without an appreciable risk of development effects. 
Developmental RfDs are used to evaluate the effects of a single exposure event. 

Exposure. Contact of an organism with a chemical or physical agent.  Exposure is quantified as the amount of the agent available at the 
exchange boundaries of the organism (e.g., skin, lungs, gut) and available for absorption. 

Exposure Assessment.  The determination or estimation (qualitative or quantitative) of the magnitude, frequency, duration, and route of 
exposure. 

Exposure Pathway.  The course a chemical or physical agent takes from a source to an exposed organism.  An exposure pathway describes a 
unique mechanism by which an individual or population is exposed to chemicals or physical agents at or originating from a site.  Each 
exposure pathway includes a source or release from a source, an exposure point, and an exposure route.  If the exposure point differs from 
the source, a transport/exposure medium (e.g., air) or media (in cases of intermedia transfer) also is included. 

Exposure Route.  The way a chemical or physical agent comes in contact with an organism (e.g., by ingestion, inhalation, dermal contact). 

Hazard Index (HI).  The sum of more than one hazard quotient for multiple substances and/or multiple exposure pathways. The HI is calculated 
separately for chronic, subchronic, and shorter-duration exposures. 

Hazard Quotient.  The ratio of a single substance exposure level over a specified time period (e.g., subchronic) to a reference dose for that 
substance derived from a similar exposure period. 

Intake. A measure of exposure expressed as the mass of a substance in contact with the exchange boundary per unit body weight per unit time 
(e.g., mg chemical/kg body weight-day).  Also termed the normalized exposure rate; equivalent to administered dose. 

Integrated Risk Information System (IRIS). An EPA data base containing verified RfDs and slope factors and up-to-date health risk and EPA 
regulatory information for numerous chemicals.  IRIS is EPA's preferred source for toxicity information for Superfund. 

Reference Dose (RfD).  The Agency's preferred toxicity value for evaluating noncarcinogenic effects result from exposures at Superfund sites. 
See specific entries for chronic RfD, subchronic RfD, and developmental RfD. The acronym RfD, when used without other modifiers, 
either refers generically to all types of RfDs or specifically to chronic RfDs; it never refers specifically to subchronic or developmental RfDs. 

Slope Factor. A plausible upper-bound estimate of the probability of a response per unit intake of a chemical over a lifetime.  The slope factor 
is used to estimate an upper-bound probabili ty of an individual developing cancer as a result of a lifetime of exposure to a particular level 
of a potential carcinogen. 

Subchronic Reference Dose (RfD s).  An estimate (with uncertainty spanning perhaps an order of magnitude or greater) of a daily exposure level 
for the human population, including sensitive subpopulations, that is likely to be without an appreciable risk of deleterious effects during 
a portion of a lifetime (as a Superfund program guideline, two weeks to seven years). 

Weight-of-Evidence Classification.  An EPA classification system for characterizing the extent to which the available data indicate that an agent 
is a human carcinogen.  Recently, EPA has developed weight-of-evidence classification systems for some other kinds of toxic effects, such 
as developmental effects. 
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routes and relevant substances).  The following  two 
subsections describe how to organize the outputs 
from the exposure and toxicity assessments and how 
to check for the consistency and validity of the 
information from the preceding exposure and 
toxicity assessments. 

8.1.1	 GATHER AND ORGANIZ E 
INFORMATION 

For each exposure pathway and land-use 
evaluated in the exposure assessment, check that all 
information needed to characterize risk is available. 
The necessary exposure information is outlined in 
the box below. 

EXPOSURE INFORMATION NEEDED

FOR RISK CHARACTERIZ ATION


�	 Estimated intakes (chronic, subchronic, and 
shorter-term, as appropriate) for chemicals. 

�	 Important exposure modeling assumptions, 
including:

        - chemical concentration at the exposure

          points;


        - frequency and duration of exposure;

        - absorption assumptions; and

        - characterization of uncertainties. 

�	 List of which exposure pathways can reasonably 
contribute to the exposure of the same individuals 
over the same time period. 

For each chemical or substance evaluated in the 
toxicity assessment, use the checklist provided in the 
box below to ensure that all information needed to 
characterize risk is available. 

8.1.2	 MAKE FINAL CONS ISTENCY AND 
VALIDITY C HECK 

Check the consistency and validity of key 
assumptions common to the exposure outputs and 
the toxicity outputs for each contaminant and 
exposure pathway of concern.  These assumptions 
include the averaging period for exposure, the 
exposure route, and the absorption adjustments.  The 

TOXICITY INFORM ATION NEEDED

FOR RISK CHARACTERIZ ATION


�	 Slope factors for all carcinogenic chemicals. 

�	 Discussion of weight of evidence and 
classifications for all carcinogenic chemicals. 

�	 Type of cancer for Class A carcinogens. 

�	 Chronic and subchronic RfDs and shorter-term 
toxicity values (if appropriate) for all chemicals 
(including carcinogens and developmental 
toxicants). 

�	 Critical effect associated with each RfD. 

�	 Discussion of uncertainties, uncertainty factors, 
and modifying factor used in deriving each RfD 
and "degree of confidence" in RfD (i.e., high, 
medium, low). 

�	 Whether the toxicity values are expressed as 
absorbed or administered doses. 

�	 Pharmacokinetic data that may affect the 
extrapolation from animals to humans for both the 
RfD and slope factor. 

�	 Uncertainties in any route-to-route extrapolations. 

basic principle is to ensure that the exposure 
estimates correspond as closely as possible with the 
assumptions used in developing the toxicity values. 

Averaging period for exposure.  If the toxicity 
value is based on average lifetime exposure (e.g., 
slope factors), then the exposure duration must also 
be expressed in those terms.  For estimating cancer 
risks, always use average lifetime exposure; i.e., 
convert less-than-lifetime exposures to equivalent 
lif etime values (see EPA 1986a, Guidelines for 
Carcinogen Risk Assessment). On the other hand, 
for evaluating potential noncarcinogenic effects of 
less-than-lifetime exposures, do not compare chronic 
RfDs to short-term exposure estimates, and do not 
convert short-term exposures to equivalent lifetime 
values to compare with the chronic RfDs.  Instead, 
use subchronic or shorter-term toxicity values to 
evaluate short-term exposures.  Check that the 
estimated exposure duration is sufficiently similar to 
the duration of the exposure in the study used to 
identify the toxicity value to be protective of human 
health (particularly for subchronic and shorter-term 
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effects). A toxicologist should review the 
comparisons. In the absence of short-term toxicity 
values, the chronic RfD may be used as an initial 
screening value; i.e., if the ratio of the short-term 
exposure value to the chronic RfD is less than one, 
concern for potential adverse health effects is low. 
If this ratio exceeds unity, however, more 
appropriate short-term toxicity values are needed to 
confirm the existence of a significant health threat. 
ECAO may be consulted for assistance in finding 
short-term toxicity values. 

EPA ENVIRONM ENTAL CRITERIA 
AND ASSESSMENT OFFICE (ECAO) 

TECHNICAL ASSISTANCE 

FTS 684-7300 

513-569-7300 

Exposure route.  Check that all toxicity values 
used for each exposure pathway being evaluated at 
the site are consistent with the route of exposure 
(e.g., oral to oral, inhalation to inhalation).  It is not 
possible to extrapolate between exposure routes for 
some substances that produce localized effects 
dependent upon the route of exposure.  For example, 
a toxicity value based on localized lung tumors that 
result only from inhalation exposure to a substance 
would not be appropriate for estimating risks 
associated with dermal exposure to the substance. 
At this time, EPA considers it appropriate only to 
extrapolate dermal toxicity values from values 
derived for oral exposure.  It is not recommended 
that oral toxicity reference values be extrapolated 
casually from inhalation toxicity values, although 
this extrapolation may be performed on a case-by-
case basis in consultation with ECAO.  In general, 
inhalation values should not be extrapolated from 
oral values.  See Section 7.5.1 for additional 
information. 

Inhalation RfD values obtained from IRIS will i 

usually be expressed as ambient air concentrations 
3(i.e., mg/m ), instead of as administered doses (i.e., 

mg/kg-day).  It may be necessary, therefore, to 
calculate the RfDi in units of mg/kg-day for 
comparison with the intake estimated in the exposure 

assessment. The RfD expressed in mg/kg-day would i 

be equal to the RfD in mg/m3  multiplied by 20 m 3 air i 

inhaled per person per day divided by 70 kg per 
person. 

Absorption adjustment.  Check that the 
exposure estimates and the toxicity values are either 
both expressed as absorbed doses or both expressed 
as intakes (i.e., administered doses).  Except for the 
dermal route of exposure, the exposure estimates 
developed using the methods provided in Chapter 6 
should be in the form of intakes, with no adjustments 
made for absorption.  However, there are three types 
of absorption adjustments that might be necessary or 
appropriate depending on the available toxicity 
information.  These are described below.  Sample 
calculations for these absorption adjustments are 
provided in Appendix A. 

(1) Dermal	 exposures. The output of the 
exposure assessment for dermal exposure is 
expressed as the amount of substance 
absorbed per kg body weight per day.  It 
therefore may be necessary to derive an 
absorbed-dose toxicity value from an 
administered-dose toxicity value to compare 
with the exposure estimate. See Appendix A 
for sample calculations. 

(2) Absorbed-dose	 toxicity value. For the 
substances for which the toxicity value is 
expressed as an absorbed rather than 
administered dose (e.g., inhalation slope 
factor in IRIS for trichloroethylene and 
several other substances), one should express 
exposure as an absorbed dose rather than as 
an intake. See Appendix A. 

(3) Adjustment	 for medium of exposure. 
Adjusting for different absorption 
efficiencies based on the medium of 
exposure (e.g., food, soil, or water for oral 
exposure, water or particulates for inhalation 
exposure) is occasionally appropriate, but not 
generally recommended unless there are 
strong arguments for doing so.  Many oral 
RfD and slope factor values assume ingestion 
in water even when based on studies that 
employed administration in corn oil by 
gavage or in feed.  Thus, in most cases, the 
unadjusted toxicity value will provide a 
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reasonable or conservative estimate of risk. 
See Appendix A. 

8.2	 QUANTIFYING RISKS 

This section describes steps for quantifying risk 
or hazard indices for both carcinogenic and 
noncarcinogenic effects to be applied to each 
exposure pathway analyzed.  The first subsection 
covers procedures for individual substances, and is 
followed by a subsection on procedures for 
quantifying risks associated with simultaneous 
exposures to several substances.  Sample table 
formats for recording the results of these calculations 
as well as recording associated information related to 
uncertainty and absorption adjustments are provided 
in Exhibits 8-2 through 8-4. 

8.2.1	 CALCULATE RIS KS FOR 
INDIVIDUAL S UBSTANCES 

Carcinogenic effects.  For carcinogens, risks are 
estimated as the incremental probability  of an 
individual developing cancer over a lifetime as a 
result of exposure to the potential carcinogen (i.e., 
incremental or excess individual lifetime cancer 
risk).  The guidelines provided in this section are 
consistent with EPA's (1986a) Guidelines for 
Carcinogen Risk Assessment. For some carcinogens, 
there may be sufficient information on mechanism of 
action that a modification of the approach outlined 
below is warranted.  Al ternative approaches may be 
considered in consultation with ECAO on a case-by-
case basis. 

The slope factor (SF) converts estimated daily 
intakes averaged over a lifetime of exposure directly 
to incremental risk of an individual developing 
cancer. Because relatively low intakes (compared to 
those experienced by test animals) are most likely 
from environmental exposures at Superfund sites, it 
generally can be assumed that the dose-response 
relationship will be linear in the low-dose portion of 
the multistage model dose-response curve.  (See the 
Background Document 2 of IRIS for a discussion of 
the multistage model).  Under this assumption, the 
slope factor is a constant, and risk will be directly 
related to intake.  Thus, the linear form of the 
carcinogenic risk equation is usually applicable for 

estimating Superfund site risks.  This linear low-dose 
equation is described in the box below. 

LINEAR LOW-DOSE CANCER

RISK EQUATION


           Risk = CDI x SF 

where:

   Risk =	 a unitless probability (e.g., 2 x 
-510 ) of an individual 

developing cancer;

   CDI =	 chronic daily intake averaged 
over 70 years (mg/kg-day); 
and

   SF =	 slope factor, expressed in 
(mg/kg-day) -1. 

The CDI is identified in Exhibits 6-11 through 6-19 and 6-22 
and the SF is identified in Exhibit 7-3. 

However, this linear equation is valid only at low 
risk levels (i.e., below estimated risks of 0.01).  For 
sites where chemical intakes might be high (i.e., risk 
above 0.01), an alternate calculation equation should 
be used.  The one-hit equation, which is consistent 
with the linear low-dose model given above and 
described in the box on page   8-11, should be used 
instead. 

Because the slope factor is often an upper 95th 
percentile confidence limit of the probability  of 
response based on experimental animal data used in 
the multistage model, the carcinogenic risk estimate 
will  generally be an upper-bound estimate. This 
means that EPA is reasonably confident that the "true 
risk" will not exceed the risk estimate derived 
through use of this model and is likely to be less than 
that predicted. 

Noncarcinogenic effects.  The measure used to 
describe the potential for noncarcinogenic toxicity to 
occur in an individual is not expressed as the 
probability  of an individual suffering an adverse 
effect. EPA does not at the present time use a 
probabilistic approach to estimating the potential for 
noncarcinogenic  health  effects.  Instead,  the 
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EXPLANATION OF SAM PLE TAB LE FORM AT

FOR CANCER RISK ESTIM ATES


A sample table format for summarizing cancer risk estimates is provided in Exhibit 8-2.  For each baseline risk assessment, at least two 
summary tables generally would be required:  one for current land uses and one for future land uses.  In the example provided in Exhibit 8-2, 
two exposure pathways were determined to contribute to exposure of a nearby residential population under current land use: ingestion of private 
well water contaminated with benzene and chlordane and ingestion of fish contaminated with chlordane.  Moreover, a subset of the population 
in Area Y was exposed to the maximal well water contamination and consumed more locally caught fish than the remainder of the nearby 
population.

     Values for the chronic daily intake (CDI), averaged over a lifetime, of each contaminant by each exposure pathway would be obtained from 
a table such as that shown in Exhibit 6-22.  The CDI via well water was not adjusted for absorption efficiency because the slope factors for these 
substances assume ingestion in water and an absorption fraction of 1.0.  The CDI for chlordane in fish was not adjusted for vehicle of exposure 
(i.e., food versus water) because absorption efficiency data were limited, and an absorption fraction of 1.0 was used as a conservative 
assumption.  If, for example, available data had indicated that only 10 percent of chlordane ingested with fish is absorbed, the CDI could have 
been adjusted downward to 0.000008 mg/kg-day (i.e., 0.00008 mg/kg-day x 0.10 absorption fraction).

     Values for the slope factors (SF), weight-of-evidence classification, type of cancer (for Class A carcinogens), reference source of the SF, 
and basis of the SF (vehicle of administration and absorption efficiency) would be obtained from a table such as that shown in Exhibit 7-3.  The 
chemical-specific risks were calculated from the CDI and SF using the linear low-dose cancer risk equation (risk = CDI x SF). The total pathway 
risk for ingestion of private well water is the sum of the two chemical-specific risks for that pathway.  The total risk estimate for the nearby 
residential population in area Y is the sum of the cancer risks for the two pathways.  Note that it is important to summarize the weight of 
evidence for the carcinogens contributing most to the total cancer risk estimate; in this example, chlordane, a Class B2 carcinogen, accounted 
for most of the risk. 

EXPLANATION OF SAM PLE TAB LE FORM AT

FOR CHRONIC HAZ ARD INDEX ESTIM ATES


A sample table format for summarizing chronic hazard index estimates is provided in Exhibit 8-3.  For each baseline risk assessment, at 
least two summary tables generally would be required:  one for current land uses and one for future land uses.  In the example provided in 
Exhibit 8-3, two exposure pathways were determined to contribute to exposure of a nearby residential population under current land use: 
ingestion of private well water contaminated with phenol, nitrobenzene, and cyanide and ingestion of fish contaminated with phenol and methyl 
ethyl ketone (MEK).  Moreover, a subset of the population in Area Y was exposed to the maximal well water contamination and consumed more 
locally caught fish than the remainder of the nearby population. 

Values for the chronic daily intake (CDI), averaged over the period of exposure, of each contaminant by each exposure pathway would 
be obtained from a table such as that shown in Exhibit 6-22.  The CDI via well water was not adjusted for absorption efficiency because the 
RfDs for these substances are based on ingestion in water and an absorption fraction of 1.0.  The CDI for phenol and MEK in fish was not 
adjusted for vehicle of exposure (i.e., food versus water) because absorption efficiency data were limited, and an absorption fraction of 1.0 was 
used as a conservative assumption.  If, for example, available data had indicated that only 20 percent of MEK ingested with fish is absorbed, 
the CDI for MEK could have been adjusted downward to 0.001 mg/kg-day (i.e., 0.005 mg/kg-day x 0.20 absorption efficiency).

  Values for the RfDs, confidence level in the RfD, critical effect, source of the value, and basis of the RfD (vehicle of administration and 
absorption efficiency) would be obtained from a table such as that shown in Exhibit 7-2.  The chemical-specific hazard quotients are equal to 
the CDI divided by the RfD.  The total pathway hazard index for ingestion of private well water is the sum of the three chemical-specific hazard 
quotients for that pathway.  The total hazard index estimate for the nearby residential population in area Y is the sum of the hazard indices for 
the two exposure pathways.

  Note that it is important to include the noncarcinogenic effects of carcinogenic substances when appropriate reference doses are available. 
For example, in an actual risk assessment of the chemicals summarized in Exhibit 6-22, the potential noncarcinogenic effects of chlordane should 
be evaluated and appropriate entries made in tables such as those shown in Exhibits 7-2 and 8-3. 
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ONE-HIT EQ UATION FOR HIG H 
CARCINOG ENIC RISK LEVELS 

Risk =  1 - exp(-CDI x SF) 

where:

 Risk = a unitless probabilit y (e.g., 2 
-5x 10  ) of an individual

developing cancer;

   exp =	 the exponential;

   CDI =	 chronic daily intake averaged 
over 70 years (mg/kg-day); 
and 

potential for noncarcinogenic effects is evaluated by 
comparing an exposure level over a specified time 
period (e.g., lif etime) with a reference dose derived 
for a similar exposure period. This ratio of exposure 
to toxicity is called a hazard quotient and is 
described in the box in the opposite column. 

The noncancer hazard quotient assumes that 
there is a level of exposure (i.e., RfD) below which 
it is unlikely for even sensitive populations to 
experience adverse health effects.  If the exposure 
level (E) exceeds this threshold (i.e., if E/RfD 
exceeds unity), there may be concern for potential 
noncancer effects.  As a rule, the greater the value of 
E/RfD above unity, the greater the level of concern. 
Be sure, however, not to interpret ratios of E/RfD as 
statistical probabilities; a ratio of 0.001 does not 
mean that there is a one in one thousand chance of 
the effect occurring.  Further, it is important to 
emphasize that the level of concern does not increase 
linearly as the RfD is approached or exceeded 
because RfDs do not have equal accuracy or 
precision and are not based on the same severity of 
toxic effects.  Thus, the slopes of the dose-response 
curve in excess of the RfD can range widely 
depending on the substance. 

Three exposure durations that wil l need separate 
consideration for the possibilit y of adverse 
noncarcinogenic health effects are chronic, 
subchronic, and shorter-term exposures.  As 

NONCANCER HAZARD QUOTIENT 

Noncancer Hazard Quotient = E/RfD 

where:

 E 
= exposure level (or intake);

  RfD 
= reference dose; and

  E and RfD are expressed in the same 

guidance for Superfund, chronic exposures for 
humans range in duration from seven years to a 
lifetime; such long-term exposures are almost always 
of concern for Superfund sites (e.g., inhabitants of 
nearby residences, year-round users of specified 
drinking water sources). Subchronic human 
exposures typically range in duration from two 
weeks to seven years and are often of concern at 
Superfund sites.  For example, children might attend 
a junior high school near the site for no more than 
two or three years. Exposures less than two weeks in 
duration are occasionally of concern at Superfund 
sites.  For example, if chemicals known to be 
developmental toxicants are present at a site, short-
term exposures of only a day or two can be of 
concern. 

8.2.2	 AGGREGATE RISKS FOR MULTIPLE
          SUBSTANCES 

At most Superfund sites, one must assess 
potential health effects of more than one chemical 
(both carcinogens and other toxicants). Estimating 
risk or hazard potential by considering one chemical 
at a time might significantly underestimate the risks 
associated with simultaneous exposures to several 
substances. To assess the overall potential for cancer 
and noncancer effects posed by multiple chemicals, 
EPA (1986b) has developed Guidelines for the 
Health Risk Assessment of Chemical Mixtures that 
can also be applied to the case of simultaneous 
exposures to several chemicals from a variety of 
sources by more than one exposure pathway. 

Although the calculation procedures differ for 
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carcinogenic and noncarcinogenic effects, both sets 
of procedures assume dose additivity in the absence 
of information on specific mixtures. 

Information on specific mixtures found at 
Superfund sites is rarely available.  Even if such data 
exist, they are often diffi cult to use.  Monitoring for 
"mixtures" or modeling the movement of mixtures 
across space and time present technical problems 
given the likelihood that individual components will 
behave differently in the environment (i.e., fate and 
transport).  If data are available on the mixtures 
present at the site, but are not adequate to support a 
quantitative evaluation, note the information in the 
"assumptions" documentation. 

Carcinogenic effects.  The cancer risk equation 
described in the box below estimates the incremental 
individual lifetime cancer risk for simultaneous 
exposure to several carcinogens and is based on 
EPA's (1986a,b) risk assessment guidelines.  This 
equation represents an approximation of the precise 
equation for combining risks which accounts for the 
joint probabilities of the same individual developing 
cancer as a consequence of exposure to two or more 
carcinogens.1   The difference between the precise 
equation and the approximation described in the box 
is negligible for total cancer risks less than 0.1. 
Thus, the simple additive equation is appropriate for 
most Superfund risk assessments. 

CANCER RISK EQUATION FOR

MULTIPLE SUB STANCES


RiskT = � Riski 

where:

 RiskT =	 the total cancer risk,

expressed as a unitless

probability ; and


  Risk i =	 the risk estimate for the i th 

substance. 

The risk summation techniques described in the 
box on this page and in the footnote assume that 
intakes of individual substances are small.  They also 
assume independence of action by the compounds 
involved (i.e., that there are no synergistic or 
antagonistic chemical interactions and that all 
chemicals produce the same effect, i.e., cancer). If 
these assumptions are incorrect, over- or under-
estimation of the actual multiple-substance risk could 
result. 

Calculate a separate total cancer risk for each 
exposure pathway by summing the substance-
specific cancer risks. Resulting cancer risk estimates 
should be expressed using one significant figure 
only. Obviously, the total cancer risk for each 
pathway should not exceed 1.  Exhibit 8-2 provides 
a sample table format for presenting estimated cancer 
risks for specified exposure pathways in the "Total 
Pathway Risk" column. 

There are several limitations to this approach that 
must be acknowledged.  First, because each slope 
factor is an upper 95th percentile estimate of 
potency, and because upper 95th percentiles of 
probability distributions are not strictly additive, the 
total cancer risk estimate might become artific ially 
more conservative as risks from a number of 
different carcinogens are summed.  If one or two 
carcinogens drive the risk, however, this problem is 
not of concern. Second, it often will be the case that 
substances with different weights of evidence for 
human carcinogenicity are included.  The cancer risk 
equation for multiple substances sums all 
carcinogens equally, giving as much weight to class 
B or C as to class A carcinogens.  In addition, slope 
factors derived from animal data will be given the 
same weight as slope factors derived from human 
data.  Finally, the action of two different carcinogens 
might not be independent.  New tools for assessing 
carcinogen interactions are becoming available, and 
should be considered in consultation with the RPM 
(e.g., Arcos et al. 1988).  The significance of these 
concerns given the circumstances at a particular site 
should be discussed and presented with the other 
information described in Section 8.6. 

Noncarcinogenic effects.  To assess the overall 
potential for noncarcinogenic effects posed by more 
than one chemical, a hazard index (HI) approach has 
been developed based on EPA's (1986b) Guidelines 
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for Health Risk Assessment of Chemical Mixtures. 
This approach assumes that simultaneous 
subthreshold exposures to several chemicals could 
result in an adverse health effect.  It also assumes 
that the magnitude of the adverse effect will be 
proportional to the sum of the ratios of the 
subthreshold exposures to acceptable exposures. 
The hazard index is equal to the sum of the hazard 
quotients, as described in the box below, where E 
and the RfD represent the same exposure period 
(e.g., subchronic, chronic, or shorter-term).  When 
the hazard index exceeds unity, there may be 
concern for potential health effects.  While any 
single chemical with an exposure level greater than 
the toxicity value will cause the hazard index to 
exceed unity, for multiple chemical exposures, the 
hazard index can also exceed unity even if no single 
chemical exposure exceeds its RfD. 

NONCANCER HAZ ARD INDEX 

Hazard Index = E /RfD  + E /RfD  + ... 1 1 2 2 

+ E /RfDi i 

where: 

Ei	 = exposure level (or intake) for the i th 

toxicant; 

RfD i	 = reference dose for the ith toxicant;     
              and

   E and RfD are expressed in the same

   units and represent the same exposure

   period (i.e., chronic, subchronic, or

   shorter-term).


It is important to calculate the hazard index 
separately for chronic, subchronic, and shorter-term 
exposure periods as described below.  It is also 
important to remember to include RfDs for the 
noncancer effects of carcinogenic substances. 

(1) Noncarcinogenic	 effects -- chronic 
exposures. For each chronic exposure 
pathway (i.e., seven year to lifetime 
exposure), calculate a separate chronic 
hazard index from the ratios of the chronic 
daily intake (CDI) to the chronic reference 

dose (RfD) for individual chemicals as 
described in the box below.  Exhibit 8-3 
provides a sample table format for recording 
these results in the "Pathway Hazard Index" 
column. 

CHRONIC NONCANCER HAZ ARD

INDEX


Chronic 
Hazard Index   = CDI /RfD  + CDI /RfD  + ... 1 21 2 

+ CDI /RfDii 

where:

 CDIi    = chronic daily intake for the i th


                 toxicant in mg/kg-day, and


  RfDi     = chronic reference dose for the i th


                 toxicant in mg/kg-day.


The CDI is identified in Exhibits 6-11 through 6-19 and 6-
22 and the RfD is identified in Exhibit 7-2. 

(2) Noncarcinogenic	 effects -- subchronic 
exposures. For each subchronic exposure 
pathway (i.e., two week to seven year 
exposure), calculate a separate subchronic 
hazard index from the ratios of subchronic 
daily intake (SDI) to the subchronic reference 
dose (RfD ) for individual chemicals ass 

described in the box on the next page. 
Exhibit 8-4 provides a sample table format 
for recording these results in the "Pathway 
Hazard Index" column.  Add only those 
ratios corresponding to subchronic exposures 
that will be occurring simultaneously. 

(3) Noncarcinogenic	 effects -- less than two 
week exposures. The same procedure may 
be applied for simultaneous shorter-term 
exposures to several chemicals. For drinking 
water exposures, 1- and 10-day Health 
Advisories can be used as reference toxicity 
values.  Depending on available data, a 
separate hazard index might also be 
calculated for developmental toxicants (using 
RfD s), which might cause adverse effects dt 

following exposures of only a few days. See 
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SUBCHRONIC NONCANCER

HAZARD INDEX


Subchronic 
Hazard Index   = SDI /RfD +SDI /RfD1 s1  2 s2

 + ... + SDI /RfDi  si  

where:

 SDIi    = subchronic daily intake for the i th

                toxicant in mg/kg-day; and

   RfDsi   = subchronic reference dose for the i th

                toxicant in mg/kg-day. 

Guidelines for the Health Assessment of 
Suspect Developmental Toxicants (EPA 
1986c; EPA 1989) for further guidance. 

There are several limitations to this approach that 
must be acknowledged. As mentioned earlier, the 
level of concern does not increase linearly as the 
reference dose is approached or exceeded because 
the RfDs do not have equal accuracy or precision 
and are not based on the same severity of effect. 
Moreover, hazard quotients are combined for 
substances with RfDs based on critical effects of 
varying toxicological significance.  Also, it will often 
be the case that RfDs of varying levels of confidence 
that include different uncertainty adjustments and 
modifying factors will be combined (e.g., 
extrapolation from animals to humans, from 
LOAELs to NOAELs, from one exposure duration to 
another). 

Another limitation with the hazard index 
approach is that the assumption of dose additivity  is 
most properly applied to compounds that induce the 
same effect by the same mechanism of action. 
Consequently, application of the hazard index 
equation to a number of compounds that are not 
expected to induce the same type of effects or that do 
not act by the same mechanism could overestimate 
the potential for effects, although such an approach 
is appropriate at a screening level.  This possibility  is 
generally not of concern if only one or two 
substances are responsible for driving the HI above 

unity.  If the HI is greater than unity as a 
consequence of summing several hazard quotients of 
similar value, it would be appropriate to segregate 
the compounds by effect and by mechanism of action 
and to derive separate hazard indices for each group. 

Segregation of hazard indices.  Segregation of 
hazard indices by effect and mechanism of action 
can be complex and time-consuming because it is 
necessary to identify all of the major effects and 
target organs for each chemical and then to classify 
the chemicals according to target organ(s) or 
mechanism of action.  This analysis is not simple and 
should be performed by a toxicologist. If the 
segregation is not carefully done, an underestimate 
of true hazard could result.  Agency review of 
particularly complex or controversial cases can be 
requested of ECAO through the regional risk 
assessment support staff. 

The procedure for recalculating the hazard index 
by effect and by mechanism of action is briefly 
described in the box on the next page.  If one of the 
effect-specific hazard indices exceeds unity, 
consideration of the mechanism of action might be 
warranted.  A strong case is required, however, to 
indicate that two compounds which produce adverse 
effects on the same organ system (e.g., liver), 
although by different mechanisms, should not be 
treated as dose additive.  Any such determination 
should be reviewed by ECAO. 

If  there are specific data germane to the 
assumption of dose-additivity  (e.g., if two 
compounds are present at the same site and it is 
known that the combination is five times more toxic 
than the sum of toxicities for the two compounds), 
then modify the development of the hazard index 
accordingly.  Refer to the EPA (1986b) mixtures 
guidelines for discussion of a hazard index equation 
that incorporates quantitative interaction data.  If 
data on chemical interactions are available, but are 
not adequate to support a quantitative assessment, 
note the information in the "assumptions" being 
documented for the site risk assessment. 
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PROCEDURE FOR SEGREGATION OF 
HAZARD INDICES BY EFFECT 

Segregation of hazard indices requires identification of the 
major effects of each chemical, including those seen at higher 
doses than the critical effect (e.g., the chemical may cause 
liver damage at a dose of 100 mg/kg-day and neurotoxicity at 
a dose of 250 mg/kg-day).  Major effect categories include 
neurotoxicity, developmental toxicity, reproductive toxicity, 
immunotoxicity, and adverse effects by target organ (i.e., 
hepatic, renal, respiratory, cardiovascular, gastrointestinal, 
hematological, musculoskeletal, and dermal/ocular effects). 
Although higher exposure levels may be required to produce 
adverse health effects other than the critical effect, the RfD 
can be used as the toxicity value for each effect category as a 
conservative and simplifying step. 

INFORM ATION SOURCES FOR

SEGREGATION OF HAZ ARD INDICES


Of the available information sources, the ATSDR 
Toxicological Profiles are well suited in format and content to 
allow a rapid determination of additional health effects that 
may occur at exposure levels higher than those that produce 
the critical effect.  Readers should be aware that the ATSDR 
definitions of exposure durations are somewhat different than 
EPA's and are independent of species; acute -- up to 14 days; 
intermediate -- more than 14 days to 1 year; chronic 
-- greater than one year.  IRIS contains only limited 
information on health effects beyond the critical effect, and 
EPA criteria documents and HEAs, HEEPs, and HEEDs may 
not systematically cover all health effects observed at doses 
higher those associated with the most sensitive effects. 

8.3	 COMBINING RISKS ACROSS 
EXPOSURE PATHWAYS 

This section gives directions for combining the 
multi-chemical risk estimates across exposure 
pathways and provides guidance for determining 
when such aggregation is appropriate. 

In some Superfund site situations, an individual 
might be exposed to a substance or combination of 
substances through several pathways.  For example, 
a single individual might be exposed to substance(s) 
from a hazardous waste site by consuming 
contaminated drinking water from a well, eating 

contaminated fish caught near the site, and through 
inhalation of dust originating from the site.  The total 
exposure to various chemicals will equal the sum of 
the exposures by all pathways.  One should not 
automatically sum risks from all exposure pathways 
evaluated for a site, however.  The following 
subsections describe how to identify exposure 
pathways that should be combined and, for these, 
how to sum cancer risks and noncancer hazard 
indices across multiple exposure pathways. 

8.3.1	 IDENTIFY REAS ONABLE 
EXPOSURE PATHWAY 
COMBINATIONS 

There are two steps required to determine 
whether risks or hazard indices for two or more 
pathways should be combined for a single exposed 
individual or group of individuals .  The first is to 
identify reasonable exposure pathway combinations. 
The second is to examine whether it is likely that the 
same individuals would consistently face the 
"reasonable maximum exposure" (RME) by more 
than one pathway. 

Identify exposure pathways that have the 
potential to expose the same individual or 
subpopulation at the key exposure areas evaluated in 
the exposure assessment, making sure to consider 
areas of highest exposure for each pathway for both 
current and future land-uses (e.g., nearest 
downgradient well, nearest downwind receptor). For 
each pathway, the risk estimates and hazard indices 
have been developed for a particular exposure area 
and time period; they do not necessarily apply to 
other locations or time periods.  Hence, if two 
pathways do not affect the same individual or 
subpopulation, neither pathway's individual risk 
estimate or hazard index affects the other, and risks 
should not be combined. 

Once reasonable exposure pathway combinations 
have been identified, it is necessary to examine 
whether it is likely that the same individuals would 
consistently face the RME as estimated by the 
methods described in Chapter 6.  Remember that the 
RME estimate for each exposure pathway includes 
many conservative and upper-bound parameter 
values and assumptions (e.g., upper 95th confidence 
limit on amount of water ingested, upper-bound 
duration of occupancy of a single residence).  Also, 
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some of the exposure parameters are not predictable 
in either space or time (e.g., maximum downwind 
concentration may shift compass direction, 
maximum ground-water plume concentration may 
move past a well).  For real world situations in which 
contaminant concentrations vary over time and 
space, the same individual may or may not 
experience the RME for more than one pathway over 
the same period of time.  One individual might face 
the RME through one pathway, and a different 
individual face the RME through a different 
pathway.  Only if you can explain why the key RME 
assumptions for more than one pathway apply to the 
same individual or subpopulation should the RME 
risks for more than one pathway be combined. 

In some situations, it may be appropriate to 
combine one pathway's RME risks with other 
pathways' risk estimates that have been derived from 
more typical exposure parameter values.  In this way, 
resulting estimates of combined pathway risks may 
better relate to RME conditions. 

If it is deemed appropriate to sum risks and 
hazard indices across pathways, the risk assessor 
should clearly identify those exposure pathway 
combinations for which a total risk estimate or 
hazard index is being developed.  The rationale 
supporting such combinations should also be clearly 
stated.  Then, using the methods described in 
Sections 8.3.2 and 8.3.3, total cancer risk estimates 
and hazard indices should be developed for the 
relevant exposure areas and individuals (or 
subpopulations). For example, Exhibits 8-2 and 8-3 
illustrate the combination of cancer risk estimates 
and chronic noncancer hazard indices, respectively, 
for a hypothetical nearby residential population 
exposed to contaminants from a site by two exposure 
pathways:  drinking contaminated ground water from 
private wells and ingestion of contaminated fish 
caught in the local river.  In this hypothetical 
example, it is "known" that the few families living 
next to the site consume more locally caught fish 
than the remaining community and have the most 
highly contaminated wells of the area. 

The following two subsections describe how to 
sum risks and hazard indices for multiple exposure 
pathways for carcinogenic and noncarcinogenic 
substances, respectively. 

8.3.2 SUM CANCER RISKS 

First, sum the cancer risks for each exposure 
pathway contributing to exposure of the same 
individual or subpopulation. For Superfund risk 
assessments, cancer risks from various exposure 
pathways are assumed to be additive, as long as the 
risks are for the same individuals and time period 
(i.e., less-than-lifetime exposures have all been 
converted to equivalent lifetime exposures).  This 
summation is described in the box below.  The 
sample table format given in Exhibit 8-2 provides a 
place to record the total cancer risk estimate. 

CANCER RISK EQUATION FOR

MULTIP LE PATHWAYS


      Total Exposure Cancer Risk =

      Risk(exposure pathway ) +  1

      Risk(exposure pathway ) +  ..... +2

      Risk(exposure pathway )i 

As described in Section 8.2.2, although the exact 
equation for combining risk probabilities includes 
terms for joint risks, the difference between the exact 
equation and the approximation described above is 
negligible for total cancer risks of less than 0.1. 

8.3.3 SUM NONCANCER HAZ ARD INDICES 

To assess the overall potential for 
noncarcinogenic effects posed by several exposure 
pathways, the total hazard index for each exposure 
duration (i.e., chronic, subchronic, and shorter-term) 
should be calculated separately. This equation is 
described in the box on the next page.  The sample 
table format given in Exhibit 8-3 provides a place to 
record the total exposure hazard index for chronic 
exposure durations. 

When the total hazard index for an exposed 
individual or group of individuals exceeds unity, 
there may be concern for potential noncancer health 
effects.  For multiple exposure pathways, the hazard 
index can exceed unity even if no single exposure 
pathway hazard index exceeds unity.  If the total 
hazard index exceeds unity and if combining 
exposure pathways has resulted in combining hazard 
indices based on different chemicals, one may need 
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HAZARD INDEX EQ UATION FOR

MULTIP LE PATHWAYS


Total Exposure Hazard Index = 

Hazard Index(exposure pathway ) +1 

Hazard Index(exposure pathway ) + ...... +2 

Hazard Index(exposure pathway )i 

where: 

Total Exposure Hazard Index is calculated 
separately for chronic, subchronic, and shorter-
term exposure periods. 

to consider segregating the contributions of the 
different chemicals according to major effect (see 
Section 8.2.2.). 

8.4	 ASSESSMENT AND 
PRESENTATION OF 
UNCERTAINTY 

This section discusses practical approaches to 
assessing uncertainty in Superfund site risk 
assessments and describes ways to present key 
information bearing on the level of confidence in 
quantitative risk estimates for a site.  The risk 
measures used in Superfund site risk assessments 
usually are not fully probabilistic estimates of risk, 
but conditional estimates given a considerable 
number of assumptions about exposure and toxicity 
(e.g., risk given a particular future land-use). Thus, 
it is important to fully specify the assumptions and 
uncertainties inherent in the risk assessment to 
place the risk estimates in proper perspective. 
Another use of uncertainty characterization can be 
to identify areas where a moderate amount of 
additional data collection might significantly 
improve the basis for selection of a remedial 
alternative. 

Highly quantitative statistical uncertainty 
analysis is usually not practical or necessary for 
Superfund site risk assessments for a number of 
reasons, not the least of which are the resource 
requirements to collect and analyze site data in such 
a way that the results can be presented as valid 

probability  distributions.  As in all environmental risk 
assessments, it already is known that uncertainty 
about the numerical results is generally large (i.e., on 
the range of at least an order of magnitude or greater). 
Consequently, it is more important to identify the key 
site-related variables and assumptions that contribute 
most to the uncertainty than to precisely quantify the 
degree of uncertainty in the risk assessment.  Thus, 
the focus of this section is on qualitative/semi-
quantitative approaches that can yield useful 
information to decision-makers for a limited resource 
investment. 

There are several categories of uncertainties 
associated with site risk assessments.  One is the 
initial selection of substances used to characterize 
exposures and risk on the basis of the sampling data 
and available toxicity information.  Other sources of 
uncertainty are inherent in the toxicity values for each 
substance used to characterize risk.  Additional 
uncertainties are inherent in the exposure assessment 
for individual substances and individual exposures. 
These uncertainties are usually driven by uncertainty 
in the chemical monitoring data and the models used 
to estimate exposure concentrations in the absence of 
monitoring data, but can also be driven by population 
intake parameters.  Finally, additional uncertainties 
are incorporated in the risk assessment when 
exposures to several substances across multiple 
pathways are summed. 

The following subsections describe how to 
summarize and discuss important site-specific 
exposure uncertainties and the more general toxicity 
assessment uncertainties. 

8.4.1	 IDENTIFY AND EVALUATE 
IMPORTANT SITE-SPECIFIC 
UNCERTAINTY FACTORS 

Uncertainties in the exposure assessment 
typically include most of the site-specific uncertainties 
inherent in risk characterization, and thus are 
particularly important to summarize for each site.  In 
risk assessments in general, and in the exposure 
assessment in particular, several sources of 
uncertainty need to be addressed: (1) definition of the 
physical setting, (2) model applicability  and 
assumptions, (3) transport, fate, and exposure 
parameter values, and (4) tracking uncertainty, or how 
uncertainties are magnified through the various steps 
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of the assessment.  Some of these sources of 
uncertainty can be quantified while others are best 
addressed qualitatively. 

Definition of the physical setting.  The initial 
characterization of the physical setting that defines 
the risk assessment for a Superfund site involves 
many professional judgments and assumptions. 
These include definition of the current and future 
land uses, identification of possible exposure 
pathways now and in the future, and selection of 
substances detected at the site to include in the 
quantitative risk assessment.  In Superfund risk 
assessments, particular attention should be given to 
the following aspects of the definition of the 
physical setting. 

�	 Likelihood of exposure pathways and land 
uses actually occurring. A large part of the 
risk assessment is the estimation of cancer 
risks or hazard indices that are conditional 
on the existence of the exposure conditions 
analyzed; e.g., if a residential development 
is built on the site 10 years from now, the 
health risks associated with contaminants 
from the site would be X.  It is important to 
provide the RPM or other risk manager with 
information related to the likelihood that the 
assumed conditions will occur to allow 
interpretation of a conditional risk estimate 
in the proper context.  For example, if the 
probability  that a residential development 
would be built on the site 10 or 50 years 
from now is very small, different risk 
management decisions might be made than 
if the probability  is high.  Present the 
information collected during scoping and 
for the exposure assessment that will help 
the RPM to identify the relative likelihood 
of occurrence of each exposure pathway 
and land-uses, at least qualitatively (e.g., 
institutional land-use controls, zoning, 
regional development plans). 

�	 The chemicals not included in the 
quantitative risk estimate as a consequence 
of missing information on health effects or 
lack of quantitation in the chemical analysis 
may represent a significant source of 
uncertainty in the final risk estimates. If 
chemicals with known health effects were 

eliminated from the risk assessment on the basis 
of concentration or frequency of detection, one 
should now review and confirm whether or not 
any of the chemicals previously eliminated 
should actually be included.  For substances 
detected at the site, but not included in the 
quantitative risk assessment because of data 
limitations, discuss possible consequences of the 
exclusion on the risk assessment. 

A checklist of uncertainty factors related to the 
definition of the physical setting is described in the 
box below. 

LIST PHYSICAL SETTING DEF INITIO N 
UNCERTAINTIES 

� For chemicals not included in the quantitative risk 
assessment, describe briefly: 
- reason for exclusion (e.g., quality control), and 
- possible consequences of exclusion on risk 

assessment (e.g., because of widespread 
contamination, underestimate of risk). 

� For the current land uses describe: 
- sources and quality of information, and. 
- qualitative confidence level. 

� For the future land uses describe: 
- sources and quality of information, and 
- information related to the likelihood of occurrence. 

� For each exposure pathway, describe why pathway was 
selected or not selected for evaluation (i.e., sample table 
format from Exhibit 6-8). 

� For each combination of pathways, describe any 
qualifications regarding the selection of exposure 
pathways considered to contribute to exposure of the 
same individual or group of individuals over the same 
period of time. 

Model applicability  and assumptions.  There is 
always some doubt as to how well an exposure model 
or its mathematical expression (e.g., ground-water 
transport model) approximates the true relationships 
between site-specific environmental conditions. 
Ideally, one would like to use a fully validated model 
that accounts for all the known complexities in the 
parameter interrelationships for each assessment.  At 
present, however, only simple, partially validated 
models are available and commonly used.  As a 
consequence, it is important to identify key model 
assumptions (e.g., linearity, homogeneity, steady-state 
conditions, equilibrium) and their potential impact on 
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the risk estimates.  In the absence of field data for 
model validation, one could perform a limited 
sensitivity  analysis (i.e., vary assumptions about 
functional relationships) to indicate the magnitude 
of uncertainty that might be associated with model 
form. At a minimum, one should list key model 
assumptions and indicate potential impact of each 
on risk with respect to both direction and 
magnitude, as shown in the box below.  A sample 
table format is presented in Exhibit 6-21 of Chapter 
6. 

CHARACTERIZ E MODEL

UNCERTAINTIES


� List/summarize the key model assumptions. 

� Indicate the potential impact of each on risk: 

- direction (i.e., may over- or underestimate
  risk); and 

- magnitude (e.g., order of magnitude). 

Parameter value uncertainty.  During the 
course of a risk assessment, numerous parameter 
values are included in the calculations of chemical 
fate and transport and human intake.  A first step in 
characterizing parameter value uncertainty in the 
baseline risk assessment is to identify the key 
parameters influencing risk. This usually can be 
accomplished by expert opinion or by an explicit 
sensitivity  analysis.  In a sensitivity  analysis, the 
values of parameters suspected of driving the risks 
are varied and the degree to which changes in the 
input variables result in changes in the risk 
estimates are summarized and compared (e.g., the 
ratio of the change in output to the change in input). 
It is important to summarize the uncertainty 
associated with key parameters, as described below. 

�	 Significant site data gaps might have 
required that certain parameter values be 
assumed for the risk assessment.  For 
example, no information on the frequency 
with which individuals swim in a nearby 
stream might be available for a site, and an 
assumed frequency and duration of 
swimming events based on a national 
average could have driven the exposure 
estimate for this pathway. 

�	 Significant data uncertainties might exist for 
other parameters, for example, whether or not the 
available soil concentration measurements are 
representative of the true distribution of soil 
contaminant concentrations. 

Tracking uncertainty.  Ideally, one would like 
to carry through the risk assessment the uncertainty 
associated with each parameter in order to 
characterize the uncertainty associated with the final 
risk estimates.  A more practical approach for 
Superfund risk assessments is to describe qualitatively 
how the uncertainties might be magnified or biased 
through the risk models used.  General quantitative, 
semi-quantitative, and qualitative approaches to 
uncertainty analysis are described below. 

Quantitative approach. Only on the rare 
occasions that an RPM may indicate the need for a 
quantitative uncertainty analysis should one be 
undertaken. As mentioned earlier, a highly 
quantitative statistical uncertainty analysis is usually 
not practical or necessary for Superfund sites. 

If a quantitative analysis is undertaken for a site, 
it is necessary to involve a statistician in the design 
and interpretation of that analysis. A quantitative 
approach to characterizing uncertainty might be 
appropriate if the exposure models are simple and the 
values for the key input parameters are well known. 
In this case, the first step would be to characterize the 
probability  distributions for key input parameter 
values (either using measured or assumed 
distributions).  The second step would be to propagate 
parameter value uncertainties through the analysis 
using analytic (e.g., first-order Taylor series 
approximation) or numerical (e.g., Monte Carlo 
simulation) methods, as appropriate.  Analytic 
methods might be feasible if there are a few 
parameters with known distributions and linear 
relationships. Numerical methods (e.g., Monte Carlo 
simulation) can be suitable for more complex 
relationships, but must be done on a computer and can 
be resource intensive even with time-saving 
techniques (e.g., Latin Hypercube sampling). 
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Two common techniques of propagating Hoffman and Gardner (1983), NRC (1983), Downing 
uncertainty are fi rst-order analyses and Monte Carlo et al. (1985), and Benjamin and Cornell (1970). 
simulations.  First-order analysis is based on the 
assumption that the total variance of a model output Semi-quantitative approach. Often available data are 
variable is a function of the variances of the insufficient to fully describe parameter distributions, 
individual model input variables and the sensitivity but are suffic ient to describe the potential range of 
of the output variable to changes in input variables. values the parameters might assume.  In this situation, 
The sensitivity of the output variable is defined by sensitivity  analyses can be used to identify influential 
the first derivative of the function or model, which model input variables and to develop bounds on the 
can be generated analytically or numerically. A distribution of exposure or risk.  A sensitivity  analysis 
Monte Carlo simulation estimates a distribution of can estimate the range of exposures or risk that result 
exposures or risk by repeatedly solving the model from combinations of minimum and maximum values 
equation(s).  The probability  distribution for each for some parameters and mid-range values for others. 
variable in the model must be defined. The The uncertainty for an assessment of this type could 
computer selects randomly from each distribution be characterized by presenting the ranges of exposure 
every time the equation is solved.  From the or risk generated by the sensitivity analysis and by 
resulting output distribution of exposures or risk, describing the limitations of the data used to estimate 
the assessor can identify the value corresponding to plausible ranges of model input variables (EPA 1985). 
any specified percentile (e.g., the 95th percentile in 
the exposure distribution). Qualitative approach. Sometimes, a qualitative 

approach is the most practical approach to describing 
These quantitative techniques require definition uncertainty in Superfund site risk assessments given 

of the distribution of all input parameters and the use of the information (e.g., identifying areas 
knowledge of the degree of dependence (i.e., where the results may be misleading).  Often the most 
covariance) among parameters.  The value of first- practical approach to characterizing parameter 
order analyses or Monte Carlo simulations in uncertainty will be to develop a quantitative or 
estimating exposure or risk probability distributions qualitative description of the uncertainty for each 
diminishes sharply if one or more parameter value parameter and to simply indicate the possible 
distributions are poorly defined or must be influence of these uncertainties on the final risk 
assumed. These techniques also become diffi cult to estimates given knowledge of the models used (e.g., 
document and to review as the number of model a specific ground-water transport model). A checklist 
parameters increases. Moreover, estimating a of uncertainty factors related to the definition of 
probability distribution for exposures and risks can parameters is described in the box on page 8-22.  A 
lead one into a false sense of certainty about the sample table format  is  provided  in  Exhibit 6-21 of 
analysis.  Even in the most comprehensive analyses, Chapter 6. 
it will generally be true that not all of the sources of 
uncertainty can be accounted for or all of the Consider presentation of information on key 
parameter codependencies recognized. Therefore, parameter uncertainties in graphic form to illustrate 
in addition to documenting all input distributions clearly to the RPM or other risk managers the 
and covariances, it is very important to identify all significance of various assumptions. For example, 
of the assumptions and incomplete information that Exhibit 8-5 plots assumptions regarding contaminated 
have not been accounted for in the quantitative fish ingestion and resulting impacts on the cancer risk 
uncertainty analysis (e.g., likelihood that a estimate for this exposure pathway.  Exhibit 8-6 
particular land use will occur) when presenting the illustrates the significance of these same assumptions 
results. for the hazard index estimates for contaminated fish 

References describing numerical methods of consumption. Additionally, maps showing isopleths 
propagating uncertainty through a risk analysis of risks resulting from modeled air exposures such as 
include Burmaster and von Stackelberg (1988), emissions near the site may assist the RPM or risk 
Hoffman and Gardner (1983), Iman and Helton manager in visualizing the significance of current or 
(1988), and NRC (1983).  References describing future site risks for a community. 
analytic methods of tracking uncertainty include 
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CHARACTERIZ E FATE AND

TRANSPORT AND EXPOSURE


PARAM ETER UNCERTAINTIES


�	 List all key exposure assessment parameters (e.g., 
infil tration rate, exposure duration, 
bioconcentration factors, body weight). 

�	 List the value used for each parameter and 
rationale for its selection. 

�	 Describe the measured or assumed parameter 
value distributions, if possible, considering: 

- total range; 

- shape of distribution, if known (e.g., log-
normal); 

- mean (geometric or arithmetic) + standard 
deviation; and/or 

- specific percentiles (e.g., median, 95th). 

�	 Quantify the uncertainty of statistical values used 
in the risk assessment (e.g., standard error of the 
mean) or data gaps and qualifiers. 

�	 Describe potential direction and magnitude of bias 
in risk estimate resulting from assumptions or data 
gaps (see Exhibit 6-21). 

8.4.2	 IDENTIFY/EVALUATE TOXICITY 
ASSESSMENT UNCERTAINTY 
FACTORS 

For substances that contribute most to the 
estimates of cancer risk and noncancer hazard 
indices, summarize the uncertainty inherent in the 
toxicity values for the durations of exposure 
assessed.  Some of the information (e.g., weight of 
evidence for potential human carcinogens, 
uncertainty adjustments for noncancer toxicity 
values) has already been recorded in the sample table 
formats  provided  in  Exhibits  8-2  through 
8-4.  Other information will be developed during the 
toxicity assessment itself (see Chapter 7).  The box 
on page 8-24 provides a checklist of uncertainties 
that apply to most toxicity assessments. 

Multiple substance exposure uncertainties. 
Uncertainties associated with summing risks or 
hazard indices for several substances are of 
particular concern in the risk characterization step. 
The assumption of dose additivity  ignores possible 

synergisms or antagonisms among chemicals, and 
assumes similarity in mechanisms of action and 
metabolism.  Unfortunately, the data available to 
assess interactions quantitatively are generally 
lacking.  In the absence of adequate information, 
EPA guidelines indicate that carcinogenic risks 
should be treated as additive and that noncancer 
hazard indices should also be treated as additive. 
These assumptions are made to help prevent an 
underestimation of cancer risk or potential noncancer 
health effects at a site. 

Be sure to discuss the availability of information 
concerning potential antagonistic or synergistic 
effects of chemicals for which cancer risks or hazard 
indices have been summed for the same exposed 
individual or subpopulations.  On the basis of 
available information concerning target organ 
specificity and mechanism of action, indicate the 
degree to which treating the cancer risks as additive 
may over- or under-estimate risk. If only qualitative 
information is available concerning potential 
interactions or dose-additivity  for the 
noncarcinogenic substances, discuss whether the 
information indicates that hazard indices may have 
been over- or under-estimated.  This discussion is 
particularly important if the total hazard index for an 
exposure point is slightly below or slightly above 
unity, or if the total hazard index exceeds unity and 
the effect-specific hazard indices are less than unity, 
and if the uncertainty is likely to significantly 
influence the risk management decision at the site. 

8.5	 CONSIDERATION OF  SITE -
SPECIFIC HUMAN S TUDIES 

This section describes how to compare the results 
of the risk  characterization  step  with ATSDR 
health assessments and other site-specific human 
studies that might be available.  The first subsection 
outlines how to compare an ATSDR health 
assessment for the site with the risk results 
summarized in the previous sections (Sections 8.2, 
8.3, and 8.4). The second subsection discusses when 
epidemiological or health studies might provide 
useful information for assessing exposures and 
health risks associated with contaminants from a site. 
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CHARACTERIZ E TOXICITY

ASSESSMENT UNCERTAINTIES


For each substance carried through the quantitative risk 
assessment, list uncertainties related to: 

�	 qualitative hazard findings (i.e., potential for 
human toxicity); 

�	 derivation of toxicity values, e.g., 

- human or animal data, 

- duration of study (e.g., chronic study used to 
set subchronic RfD), and 

- any special considerations; 

�	 the potential for synergistic or antagonistic 
interactions with other substances affecting the 
same individuals; and 

�	 calculation of lifetime cancer risks on the basis of 
less-than-lifetime exposures. 

For each substance not included in the quantitative risk 
assessment because of inadequate toxicity information, list: 

�	 possible health effects; and 

�	 possible consequences of exclusion on final risk 
estimates. 

8.5.1	 COMPARE WITH ATS DR HEALTH 
ASSESSMENT 

ATSDR health assessments were defined and 
compared to the RI/FS risk assessment in Section 
2.2.2.  As of 1989, preliminary ATSDR health 
assessments should be completed before the RI/FS 
risk assessment is initiated and therefore should be 
available to the risk assessor as early as "scoping." 
The steps for comparing the preliminary ATSDR 
health assessment with the baseline risk assessment 
are outlined below. 

Review again the ATSDR health assessment 
findings and conclusions.  These will be largely 
qualitative in nature. If the ATSDR health 
assessment identif ies exposure pathways or 
chemicals of concern that have not been included in 
the RI/FS baseline risk assessment, describe the 
information supporting the decision not to include 
these parameters.  If there are differences in the 
qualitative conclusions of the health assessment and 

the quantitative conclusions of the baseline risk 
assessment, explain the differences, if possible, and 
discuss their implications. 

8.5.2	 COMPARE WITH OTHER 
AVAILABLE SITE-SPECIFIC 
EPIDEMIOLOGICAL OR HEALTH 
STUDIES 

For most Superfund sites, studies of human 
exposure or health effects in the surrounding 
population will not be available.  However, if 
controlled epidemiological or other health studies 
have been conducted, perhaps as a consequence of 
the preliminary ATSDR health assessment or other 
community involvement, it is important to include 
this information in the baseline risk assessment as 
appropriate.  However, not all such studies provide 
meaningful information in the context of Superfund 
risk assessments. 

One can determine the availability  of other 
epidemiological or health studies for populations 
potentially exposed to contaminants from the site by 
contacting the ATSDR Regional Representative, the 
Centers for Disease Control in Atlanta, Georgia, and 
state and local health agencies as early in the risk 
assessment process as possible.  It is important to 
avoid use of anecdotal information or data from 
studies that might include a significant bias or 
confounding factor, however.  Isolated reports of 
high body levels of substances that are known to be 
present at the site in a few individuals living near the 
site are not sufficient evidence to confirm the 
hypothesis that these individuals have received 
significant exposures from the site. Nor can isolated 
reports of disease or symptoms in a few individuals 
living near the site be used to confirm the hypothesis 
that the cause of the health effects in these 
individuals was exposure to contamination from the 
site. A trained epidemiologist should review any 
available studies in order to identify possible study 
limitations and implications for site risk findings. 
The small populations and variable exposures 
predominating at most Superfund sites will make it 
extremely diffi cult to detect site-related effects using 
epidemiological techniques. 

If site-specific health or exposure studies have 
been identified and evaluated as adequate, one 
should incorporate the study findings into the overall 
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risk characterization to strengthen the conclusions of 
the risk assessment (e.g., the risk assessment predicts 
elevated blood lead levels and the human exposure 
study documented elevated blood lead levels only 
among those exposed to ground water contaminated 
by the site).  Because of the generally large and 
different types of uncertainties associated with the 
risk assessment and actual health studies, a 
qualitative, not quantitative, comparison between the 
two types of studies is generally warranted.  Areas of 
agreement and disagreement between the health 
study(ies) and the risk assessment should be 
described and factors that might contribute to any 
disagreement discussed. 

8.6	 SUMMARIZ ATION AND 
PRESENTATION OF  THE 
BASELINE RIS K 
CHARACTERIZ ATION 
RESULTS 

This section provides guidance on interpreting 
and presenting the risk characterization results.  The 
results of the baseline evaluation should not be taken 
as a characterization of absolute risk.  An important 
use of the risk and hazard index estimates is to 
highlight potential sources of risk at a site so that 
they may be dealt with effectively in the remedial 
process.  It is the responsibility of the risk 
assessment team to develop conclusions about the 
magnitude and kinds of risk at the site and the major 
uncertainties affecting the risk estimates.  It is not the 
responsibility of the risk assessment team to evaluate 
the significance of the risk in a program context, or 
whether and how the risk should be addressed, 
which are risk management decisions. 

The ultimate user of the risk characterization 
results will be the RPM or other risk manager for the 
site.  This section therefore outlines a presentation of 
material that is designed to assist the risk manager in 
using risk information to reach site-specific 
decisions. 

8.6.1	 SUMMARIZ E RISK INFORMATION 
IN TEXT 

The final discussion of the risk characterization 
results is a key component of the risk 
characterization.  The discussion provides a means 

of placing the numerical estimates of risk and hazard 
in the context of what is known and what is not 
known about the site and in the context of decisions 
to be made about selection of remedies.  At a 
minimum, the discussion should include: 

�	 confidence that the key site-related 
contaminants were identified and discussion 
of contaminant concentrations relative to 
background concentration ranges; 

� a description of the various types of cancer 
and other health risks present at the site (e.g., 
liver toxicity, neurotoxicity), distinguishing 
between known effects in humans and those 
that are predicted to occur based on animal 
experiments; 

�	 level of confidence in the quantitative 
toxicity information used to estimate risks 
and presentation of qualitative information 
on the toxicity of substances not included in 
the quantitative assessment; 

� level of confidence in the exposure estimates 
for key exposure pathways and related 
exposure parameter assumptions; 

�	 the magnitude of the cancer risks and 
noncancer hazard indices relative to the 
Superfund site remediation goals in the NCP 
(e.g., the cancer risk range of 10-4  to 10-7  and 
noncancer hazard index of 1.0); 

� the major factors driving the site risks (e.g., 
substances, pathways, and pathway 
combinations); 

� the major factors reducing the certainty in the 
results and the significance of these 
uncertainties (e.g., adding risks over several 
substances and pathways); 

� exposed population characteristics; and 

� comparison with site-specific health studies, 
when available. 

In addition, if the size of the potentially exposed 
population is large, the presentation of population 
numbers may be of assistance to the RPM, especially 
in evaluating risks in the context of current land use. 
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Individual risk estimates based on the reasonable 
maximum exposure (RME) should not be presented 
as representative of a broadly defined population, 
however. 

8.6.2	 SUMMARIZ E RISK INFORMATION IN 
TABLES 

A tabular summary of the cancer risks and 
noncancer hazard indices should be prepared for all 
exposure pathways and land uses analyzed and for 
all substances carried through the risk assessment. 
These tables must be accompanied by explanatory 
text, as described in the previous section, and should 
not be allowed to stand alone as the entire risk 
characterization.  The sample table formats presented 
in Chapter 6 and in Exhibits 8-2 to 8-6 provide basic 
summary formats.  Exhibits 8-7 and 8-8 provide 
examples of optional presentations that might assist 
in visualization of the risk assessment results. These 
bar graphs present  the  baseline  cancer risk 
estimates and noncancer hazard indices, respectively, 
by pathway for an identified subpopulation near the 
site. The stacked bars in Exhibit 8-8 allow the reader 
to immediately identify the pathway(s) contributing 
most to the total hazard index as well as 

identify the substances driving the indices in each 
pathway.  Reference levels are also provided (e.g., 
hazard index of 1.0). Exhibits 8-5 and 8-6 
introduced in Section 8.4.1 provide examples of 
figures that could help the RPM or other risk 
manager visualize the impact of various assumptions 
and uncertainties on the final risk or hazard index 
estimate.  In addition, graphics relating risk level (or 
magnitude of hazard index) to concentrations of 
substances in environmental media and cost of 
"treatment" could allow the RPM or other risk 
manager to weigh the benefits of various remedial 
alternatives more easily.  Examples of the last type of 
graphics are presented in Part C of this manual. 

In a few succinct concluding paragraphs, 
summarize the results of the risk characterization 
step.  It is the responsibility of the risk assessment 
team members, who are familiar with all steps in the 
site risk assessment, to highlight the major 
conclusions of the risk assessment.  The discussion 
should summarize both the qualitative and the 
quantitative findings of cancer risks and noncancer 
hazards, and properly qualify these by mention of 
major assumptions and uncertainties in the 
assessment. 
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ENDNOTE FOR CHAPTER 8


1. The probability of an individual developing cancer following exposure to more than one carcinogen is the probability of developing cancer from at

least one of the carcinogens.  For two carcinogens, the precise equation for estimating this probability is risk + risk -probability (risk , risk ) where
1 2 1 2 

the latter term is the joint probability of the two risks occurring in the same individual.  If the risk to agent 1 is distributed in the population independently

of the risk to agent 2, the latter term would equal (risk )(risk ).  This equation can be expanded to evaluate risks from more than two substances.
1 2 



Page 8-30 

REFERENCES FOR CHAPTER 8


Arcos, J., Woo, Y.T., and Lai, D.  1988.  Data Base on Binary Combination Effects of Chemical Carcinogens.  Environ. Carcino. Revs. [J. 
Environ. Sci. Health Pt. C] 6:1-150. 

Benjamin, J.R. and C.A. Cornell.  1970.  Probability, Statistics, and Decision-making for Civil Engineers.  McGraw Hill.  New York. 

Burmaster, D.E. and K. von Stackelberg. 1988.  A New Method for Uncertainty and Sensitiv ity Analysis in Public Health Risk Assessments at 
Hazardous Waste Sites Using Monte Carlo Techniques in a Spreadsheet.  Pages 550-556 in Superfund '88, Proceedings of the 9th National 
Conference. Washington, D.C.  Sponsored by the Hazardous Materials Control Research Institute. 

Downing, D. J., Gardner, R. H., and Hoffman, F. O.  1985.  Response Surface Methodologies for Uncertainty Analysis in Assessment Models. 
Technometrics 27:151-163. 

Environmental Protection Agency (EPA).  1985.  Methodology for Characterization of Uncertainty in Exposure Assessments. Prepared by 
Research Triangle Institute.  NTIS: PB85-240455. 

Environmental Protection Agency (EPA).  1986a.  Guidelines for Carcinogen Risk Assessment.  51 Federal Register 33992 (September 24, 1986). 

Environmental Protection Agency (EPA).  1986b.  Guidelines for the Health Risk Assessment of Chemical Mixtures.  51 Federal Register 34014 
(September 24, 1986). 

Environmental Protection Agency (EPA).  1986c.  Guidelines for the Health Assessment of Suspect Developmental Toxicants.  51 Federal Register 
34028 (September 24, 1986). 

Environmental Protection Agency (EPA). 1989. Proposed Amendments to the Guidelines for the Health Assessment of Suspect Developmental 
Toxicants.  54 Federal Register 9386 (March 6, 1989). 

Hoffman, F. O. and R. H. Gardner.  1983.  Evaluation of Uncertainties in Radiological Assessment Models.  In:  Radiological Assessment, A 
Textbook on Environmental Dose Analysis. Til l, J. E., and H.R. Meyer, (eds.).  Prepared for Office of Nuclear Reactor Regulation, U.S. 
Nuclear Regulatory Commission.  Washington, DC.  NRC FIN B0766.  NUREG/CR-3332. 

Iman, R. L. and J. C. Helton.  1988.  An Investigation of Uncertainty and Sensitivity Analysis Techniques for Computer Models.  Risk Analysis 
8:71-90. 

IRIS.  Integrated Risk Information System (data base).  1989.  U.S. Environmental Protection Agency, Office of Research and Development. 

Metcalf, D.R. and J.W. Pegram.  1981.  Uncertainty Propagation in Probabilistic Risk Assessment:  A Comparative Study.  Transactions of the 
American Nuclear Society 38:483-484. 

Nuclear Regulatory Commission (NRC).  1983.  PRA Procedures Guide - A Guide to the Performance of Probabilistic Risk Assessments for 
Nuclear Power Plants.  Office of Nuclear Regulatory Research, Washington, D.C.  NUREG/CR-2300. Vol. 2. 

Vesely, W. E. and D. M. Rasmuson.  Uncertainties in Nuclear Probabil istic Risk Analysis.  Risk Analysis 4:313-322. 



CHAPTER 9


DOCUMENTATION, REVIEW, AND

MANAGEMENT TOOLS FOR THE ASSESOR,


REVIEWER, AND MANAGER


This chapter provides tools for the 
documentation, review, and management of the 
baseline risk assessment.  These tools will help 
ensure completeness and consistency throughout 
the risk assessment and in the reporting of 
assessment results. Section 9.1 provides 
documentation tools (for risk assessors), Section 9.2 
provides review tools (for risk assessment 
reviewers), and Section 9.3 provides management 
tools (for remedial project managers [RPMs] and 
other decision-makers concerned with the site). 

9.1 DOCUMENTATION TOOLS 

Throughout Chapters 4 to 8 of this manual, 
guidance is provided to the risk assessor on how to 
summarize and document many beginning, 
intermediate, and final steps of the risk assessment. 
The purpose of this section is to consolidate that 
guidance, provide a final check to ensure that all 
appropriate documentation has been completed, and 
provide additional information that should be 
helpful.  This section addresses (1) basic principles 
of documenting a Superfund site risk assessment 
(e.g., key "dos" and don'ts", the rationale for 
consistency), (2) a suggested outline and guidance 
for the risk assessment report, and (3) guidance for 
providing risk assessment summaries in other key 
reports. 

9.1.1 BASIC PRINCIPLES 

There are three basic principles for 
documenting a baseline risk assessment: 

(1)	 address the main objectives of the risk 
assessment; 

(2)	 communicate using clear, concise, and 
relevant text, graphics, and tables; and 

(3)	 use a consistent format. 

Addressing the objectives.  The objectives 
of the baseline risk assessment -- to help determine 
whether additional response action is necessary at 
the site, to provide a basis for determining residual 
chemical levels that are adequately protective of 
public health, to provide a basis for comparing 
potential health impacts of various remedial 
alternatives, and to help support selection of the 
"no-action" remedial alternative (where 
appropriate) -- should be considered carefully 
during the documentation of the risk assessment. 
Recognizing these objectives early and presenting 
the results of the risk assessment with them in mind 
will assist the RPM and other decision-makers at 
the site with readily obtaining and using the 
necessary information to evaluate the objectives. 
Failing to recognize the importance of the 
objectives could result in a risk assessment report 
that appears misdirected and/or unnecessary. 

Communicating.  Clearly and concisely 
communicating the relevant results of the risk 
assessment can be one of the most important 
aspects of the entire RI/FS.  If done correctly, a 
useful instrument for mitigating public health 
threats will have been developed.  If done 
incorrectly, however, risks could be 
underemphasized, possibly leading to the 
occurrence of adverse health effects, or they could 
be overemphasized, possibly leading to the 
unnecessary expenditure of limited resources.  See 
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the box below for some helpful hints on 
communicating the baseline risk assessment. 

HELPFUL HINTS: COMMUNICATING 
THE BASELINE RISK  ASSESSMENT 

Try to: 

�	 use a mix of well written text, illustrative graphics, 
and summary tables; 

�	 explain the major steps and the results of the risk 
assessment in terms easily understood by the general 
public (and especially by members of exposed or 
potentially exposed populations); 

�	 define highly technical terms early (e.g., in a 
glossary); and 

�	 use a standard quantitative system -- preferably the 
metric system -- throughout and units that are the 
same where possible (e.g., ug/L for all water 
concentrations). 

Avoid: 

�	 the use of large blocks of text unbroken by any 
headings, graphics, tables, lists, or other "visual 
dividers"; 

�	 the presentation of much quantitative information 
within the text (rather than in tables); and 

�	 the drawing of "risk management" conclusions (e.g., 
stating that the total or largest risk is insignificant). 

Many skills for communicating the baseline risk 
assessment also can be learned by reviewing the 
literature on risk communication.  The following 
box lists just some of the literature that is available. 
Courses on the subject also exist. 

Using a consistent format.  A consistent 
format for all Superfund risk assessments is 
strongly recommended for four important reasons: 

(1)	 it encourages consistency and 
completeness in the assessment itself; 

(2)	 it allows for easier review of the risk 
assessments; 

(3)	 it encourages consistent use of the 

RISK COM MUNICATION G UIDANCE 

Explaining Environmental Risk (EPA 1986) 

Tools for Environmental Professionals 
Involved in Risk Communication At Hazardous 
Waste Facilities Undergoing Siting, Permitting, 
or Remediation (Bean 1987) 

Improving Dialogue with Communities:  A 
Short Guide for Government Risk 
Communication (NJDEP 1987) 

Seven Cardinal Rules of Risk Communication 
(EPA 1988a) 

results by RPMs and other decision-
makers; and 

(4)	 it helps demonstrate to the public and 
others that risk assessments are 
conducted using the same framework (if 
not the same specific procedures). 

Using other formats can lead to slower review 
times, different interpretations of similar results, 
and the charge that risk assessments are 
inappropriately being conducted differently from 
one site to another.  The following subsections 
provide guidance on the use of consistent formats. 

9.1.2	 BASELINE RIS K ASSESSMENT 
REPORT 

The baseline risk assessment report 
references and supports the RI/FS report. 
Depending on the site, the risk assessment report 
can range from a small, simple document with no 
appendices that can simply be added to the RI/FS 
report as a chapter, to a large, complex document 
with many appendices that can "stand alone." This 
subsection provides general guidance on how to 
organize the baseline risk assessment report and 
which information should be included in the report. 
More detailed guidance, however, is found by 
following the guidance in previous chapters of this 
manual. Careful use of that guidance will ensure a 
well-documented baseline risk assessment report. 
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Exhibit 9-1 provides a suggested outline for the 
full baseline risk assessment report.  This outline 
generally follows the flow of the risk assessment 
and the organization of this manual.  The "bulleted" 
items are not necessarily section headings, but 
rather are often items that should be considered 
when writing the report.  Note that, as with the 
manual, not all components of the outline are 
applicable to all sites. This is especially true if the 
risk assessment report will be a chapter in the RI/FS 
report. At some sites, and especially when the risk 
assessment report will be a stand-alone document, 
more site-specific items could be added to the 
report. 

Examples of tables and graphics that should be 
included in the report are presented as exhibits in 
previous chapters of this manual.  Note, however, 
that additional tables and graphics may be useful. 

This suggested outline may be used as a 
review guide by risk assessors (and risk assessment 
reviewers) to ensure that all appropriate 
components of the assessment have been addressed. 
Section 9.2 addresses review tools in greater detail. 

9.1.3 OTHER KEY REPORTS 

Two important reports that must include 
summaries of the baseline risk assessment are (1) 
the remedial investigation/feasibility  study (RI/FS) 
report and (2) the record of decision (ROD) report. 

Summary f or the RI/FS report.   One of the 
chapters of the RI/FS typically is devoted to a 
summary of the baseline risk assessment.  Part of 
this summary should address the human health 
evaluation (the other part should address the 
environmental evaluation).  The human health 
summary should follow the same outline as the full 
baseline risk assessment report, with almost each 
section of the summary being a distillation of each 
full report chapter.  The risk characterization 
chapter is an exception, however, in that it could be 
included in the RI/FS report essentially unchanged. 
Most tables and graphics should be included 
unchanged as well.  For more information, see 
Guidance for Conducting Remedial Investigations 
and Feasibility  Studies Under CERCLA (EPA 
1988b). 

Summary f or the ROD report.   The ROD 
documents the remedial action selected for a site. 
It consists of three basic components:  (1) a 
Declaration; (2) a Decision Summary; and (3) a 
Responsiveness Summary.  The second component, 
a Decision Summary, provides an overview of the 
site-specific factors and analyses that led to the 
selection of the remedy.  Included in this 
component is a summary of site risks.  As with the 
risk assessment summary for the RI/FS report, the 
summary for the ROD report should follow the 
same outline as the full risk assessment.  This 
summary, however, should be much more 
abbreviated than the RI/FS summary, although care 
must be taken to address all of the relevant site-
specific results.  For more information, see Interim 
Final Guidance on Preparing Superfund Decision 
Documents:  The Proposed Plan, the Record of 
Decision, Explanation of Significant Differences, 
and the Record of Decision Amendment (EPA 
1989). 

9.2 REVIEW TOOLS 

This section provides guidelines on reviewing 
a risk assessment report.  A checklist of many 
essential criteria that should be adequately 
addressed in any good risk assessment is provided 
(Exhibit 9-2).  The checklist touches upon issues 
that are often problematic and lead to diffi culty and 
delay in the review of risk assessments.  Principal 
questions are presented in the checklist with 
qualifying statements or follow-up questions, as 
well as references to appropriate chapters and 
sections of this manual.  The checklist is intended 
as a guide to assist the preliminary reviewer by 
ensuring that critical issues concerning the quality 
and adequacy of information are not overlooked at 
the screening level review of risk assessments. 
Experience has shown that reviewers should pay 
particular attention to the following concerns. 

� Were all appropriate media sampled? 

� Were any site-related chemicals (e.g., human 
carcinogens) eliminated from analysis 
without appropriate justification? 
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EXHIBIT 9-1


SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT


1.0 INTRODUCTION 

1.1 Overview 
� General problem at site 
� Site-specific objectives of risk assessment 

1.2 Site Background 
� Site description 
� Map of site 
� General history


-- Ownership

-- Operations

--  Contamination


� Significant site reference points 
� Geographic location relative to offsite areas of interest 
� General sampling locations and media 

1.3 Scope of Risk Assessment 
� Complexity of assessment and rationale 
� Overview of study design 

1.4 Organization of Risk Assessment Report 

2.0 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

2.1 General Site-specific Data Collection Considerations 
� Detailed historical information relevant to data collection

�
 Preliminary identification of potential human exposure 
� Modeling parameter needs 
� Background sampling 
� Sampling locations and media 
� Sampling methods 
� QA/QC methods 
� Special analytical services (SAS) 

2.2 General Site-specific Data Evaluation Considerations 
� Steps used (including optional screening procedure steps, if used) 
� QA/QC methods during evaluation 
� General data uncertainty 

2.3 Environmental Area or Operable Unit 1 (Complete for All Media) 
� Area- and media-specific sample collection strategy (e.g., sample size, sampling locations) 
� Data from site investigations


(continued)
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EXHIBIT 9-1 (continued)


SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT


� Evaluation of analytical methods 
� Evaluation of quantitation limits 
� Evaluation of qualified and coded data 
� Chemicals in blanks 
� Tentatively identified compounds 
� Comparison of chemical concentrations with background 
� Further limitation of number of chemicals 
� Uncertainties, limitations, gaps in quality of collection or analysis 

2.4 Environmental Area or Operable Unit 2 (Repeat for All Areas or Operable Units, As Appropriate) 

2.X Summary of Chemicals of Potential Concern 

3.0 EXPOSURE ASSESSMENT 

3.1 Characterization of Exposure Setting 
� Physical Setting


-- Climate

--  Vegetation

--  Soil type

--  Surface hydrology

--  Ground-water hydrology


� Potentially Exposed Populations

--  Relative locations of populations with respect to site

--  Current land use

--  Potential alternate future land uses

--  Subpopulations of potential concern


3.2 Identification of Exposure Pathways 
� Sources and receiving media 
� Fate and transport in release media 
� Exposure points and exposure routes 
� Integration of sources, releases, fate and transport mechanisms, exposure points, and exposure 

routes into complete exposure pathways 
� Summary of exposure pathways to be quantified in this assessment 

3.3 Quantification of Exposure 
� Exposure concentrations 
� Estimation of chemical intakes for individual pathways 

(continued) 
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EXHIBIT 9-1 (continued)


SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT


3.4 Identification of Uncertainties 
� Current and future land-use

�
 Environmental sampling and analysis 
� Exposure pathways evaluated 
� Fate and transport modeling 
� Parameter values 

3.5 Summary of Exposure Assessment 

4.0 TOXICITY ASSESSMENT 

4.1 Toxicity Information for Noncarcinogenic Effects 
� Appropriate exposure periods for toxicity values 
� Up-to-date RfDs for all chemicals 
� One- and ten-day health advisories for shorter-term oral exposures 
� Overall data base and the critical study on which the toxicity value is based (including the critical 

effect and the uncertainty and modifying factors used in the calculation) 
� Effects that may appear at doses higher than those required to elicit the critical effect 
� Absorption efficiency considered 

4.2 Toxicity Information for Carcinogenic Effects 
� Exposure averaged over a lifetime 
� Up-to-date slope factors for all carcinogens 
� Weight-of-evidence classification for all carcinogens 
� Type of cancer for Class A carcinogens 
� Concentration above which the dose-response curve is no longer linear 

4.3 Chemicals for Which No EPA Toxicity Values Are Available 
� Review by ECAO 
� Qualitative evaluation

�
 Documentation/justification of any new toxicity values developed 

4.4 Uncertainties Related to Toxicity Information 
� Quality of the individual studies 
� Completeness of the overall data base 

4.5 Summary of Toxicity Information 

5.0 RISK CHARACTERIZATION 

5.1 Current Land-use Conditions 
� Carcinogenic risk of individual substances 
� Chronic hazard quotient calculation (individual substances) 
� Subchronic hazard quotient calculation (individual substances)


(continued)
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EXHIBIT 9-1 (continued)


SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT


� Shorter-term hazard quotient calculation (individual substances) 
� Carcinogenic risk (multiple substances) 
� Chronic hazard index (multiple substances) 
� Subchronic hazard index (multiple substances) 
� Shorter-term hazard index calculation (multiple substances) 
� Segregation of hazard indices 
� Justification for combining risks across pathways 
� Noncarcinogenic hazard index (multiple pathways) 
� Carcinogenic risk (multiple pathways) 

5.2 Future Land-use Conditions 
� Carcinogenic risk of individual substances 
� Chronic hazard quotient calculation (individual substances) 
� Subchronic hazard quotient calculation (individual substances) 
� Carcinogenic risk (multiple substances) 
� Chronic hazard index (multiple substances) 
� Subchronic hazard index (multiple substances) 
� Segregation of hazard indices 
� Justification for combining risks across pathways 
� Noncarcinogenic hazard index (multiple pathways) 
� Carcinogenic risk (multiple pathways) 

5.3 Uncertainties 
� Site-specific uncertainty factors 

--  Definition of physical setting 
--  Model applicability  and assumptions 
--  Parameter values for fate/transport and exposure calculations 

� Summary of toxicity assessment uncertainty 
--  Identification of potential health effects 
--  Derivation of toxicity value 
--  Potential for synergistic or antagonistic interactions 
--  Uncertainty in evaluating less-than-lifetime exposures 

5.4 Comparison of Risk Characterization Results to Human Studies 
� ATSDR health assessment

�
 Site-specific health studies (pilot studies or epidemiological studies) 
� Incorporation of studies into the overall risk characterization 

5.5 Summary Discussion and Tabulation of the Risk Characterization 
� Key site-related contaminants and key exposure pathways identified 
� Types of health risk of concern 
� Level of confidence in the quantitative information used to estimate risk 
� Presentation of qualitative information on toxicity


(continued)
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EXHIBIT 9-1 (continued)


SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT


� Confidence in the key exposure estimates for the key exposure pathways 
� Magnitude of the carcinogenic and noncarcinogenic risk estimates 
� Major factors driving risk 
� Major factors contributing to uncertainty 
� Exposed population characteristics 
� Comparison with site-specific health studies 

6.0 SUMMA RY 

6.1 Chemicals of Potential Concern 
6.2 Exposure Assessment 
6.3 Toxicity Assessment 
6.4 Risk Characterization 
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EXHIBIT 9-2


REVIEWER CHECKLIST


1.0 GENERAL CONCERNS 

� Were the site-specific objective(s) of the risk assessment stated?  (HHEM - 1) 

� Was the scope of the assessment described (e.g., in terms of the complexity of the assessment and 
rationale, data needs, and overview of the study design)?  (HHEM - 1.1.1, 3.5) 

� Was an adequate history of site activities provided, including a chronology of land use (e.g., 
specifying agriculture, industry, recreation, waste deposition, and residential development at the 
site)?  (HHEM - 2.1.4, 9.1) 

� Was an initial qualitative overview of the nature of contamination included (e.g., specifying in a 
general manner the kinds of contaminants, media potentially contaminated)?  (HHEM - 2.1.4, 9.1) 

� Was a general map of the site depicting boundaries and surface topography included, which 
illustrates site features, such as fences, ponds, structures, as well as geographical relationships 
between specific potential receptors and the site?  (HHEM - 2.1.4, 9.1) 

2.0 CONCERNS IN REVIEWING DATA COLLECTION AND EVALUATION 

2.1 Data Collection 

� Was an adequate "conceptual model" of the site discussed?  (HHEM - 4.2) 

-- a qualitative discussion of potential or suspected sources of contamination, types and 
concentrations of contaminants detected at the site, potentially contaminated media, as well as 
potential exposure pathways and receptors 

� Was an adequate Data Quality Objectives (DQO) statement provided?  (HHEM - 4.1.4) 

-- a statement specifying both the qualitative and quantitative nature of the sampling data, in 
terms of relative quality and intent for use, issued prior to data collection, which helps to 
ensure that the data collected will be appropriate for the intended objectives of the study 

� Were key site characteristics documented?  (HHEM - 4.3, 4.5) 

-- soil/sediment parameters (e.g., particle size, redox potential, mineral class, organic carbon and 
clay content, bulk density, and porosity) 

-- hydrogeological parameters (e.g., hydraulic gradient, pH/Eh, hydraulic conductivity, location, 
saturated thickness, direction, and rate of flow of aquifers, relative location of bedrock layer) 

(continued) 
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EXHIBIT 9-2 (continued)


REVIEWER CHECKLIST


-- hydrological parameters (e.g., hardness, pH, dissolved oxygen, salinity, temperature, total 
suspended solids, flow rates, and depths of rivers or streams; estuary and embayment 
parameters such as tidal cycle, range, and area; as well as lake parameters such as area, 
volume, depth, and depth to thermocline) 

-- meteorological parameters (e.g., direction of prevailing wind, average wind speed, 
temperature, humidity, annual average and 24 hour maximum rainfall) 

� Were all appropriate media sampled? (HHEM - 4.4, 4.5, 4.6) 

-- was there adequate justification for any omissions? 

-- were literature estimates employed for omissions in background sampling and were they 
referenced properly? 

� Were all key areas sampled, based on all available information (e.g., preliminary assessment, field 
screening)?  (HHEM - 4.4, 4.5, 4.6) 

� Did sampling include media along potential routes of migration (e.g., between the contaminant 
source and potential future exposure points)?  (HHEM - 4.5, 4.6) 

� Were sampling locations consistent with nature of contamination (e.g., at the appropriate depth)? 
(HHEM - 4.5, 4.6) 

� Were sampling efforts consistent with field screening and visual observations in locating "hot 
spots"?  (HHEM - 4.5, 4.6) 

� Were detailed sampling maps provided, indicating the location, type (e.g., grab, composite, 
duplicate), and numerical code of each sample?  (HHEM - 5.10) 

� Did sampling include appropriate QA/QC measures (e.g., replicates, split samples, trip and field 
blanks)?  (HHEM - 4.7, 5.4) 

� Were background samples collected from appropriate areas (e.g., areas proximate to the site, free 
of potential contamination by site chemicals or anthropogenic sources, and similar to the site in 
topography, geology, meteorology, and other physical characteristics)?  (HHEM - 4.4, 5.7) 

2.2 Data Evaluation 

� Were any site-related chemicals (e.g., human carcinogens) eliminated from analysis without 
appropriate justification?  (HHEM - 5.9) 

(continued) 
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EXHIBIT 9-2 (continued)


REVIEWER CHECKLIST


-- as infrequently detected chemicals  (HHEM - 5.3.3, 5.9.3) 

-- as non-detects in a specific medium without employing a "proxy" concentration  (HHEM -
5.3) 

-- as common laboratory contaminants even though sample concentrations were significantly 
higher than that found in blanks?  (HHEM - 5.5) 

-- as present at a "ubiquitous level"?  (HHEM - 5.7) 

� Were inappropriate "proxy concentrations" assigned to site-related chemicals?  (HHEM - 5.3)


-- was a value of zero or the instrument detection limit (IDL) assigned?


-- was an erroneous sample-specific quantitation limit employed?


� Were appropriate analytical methods employed for collection of data upon which risk estimates

are based?  (HHEM - 5.2)


-- were the methods consistent with the requisite level of sensitivity?


-- were established procedures with adequate QA/QC measures employed?


� Did the data meet the Data Quality Objectives (DQO)? (HHEM - 4.1.4) 

-- were the sampling methods consistent with the intended uses of data? 

� Were appropriate data qualifiers employed? (HHEM - 5.4) 

� Were special analytical services (SAS) employed when appropriate? (HHEM - 5.3) 

-- was SAS employed as an adjunct to routine analysis in cases where certain contaminants were 
suspected at low levels, as non-TCL chemicals, in non-standard matrices, or in situations 
requiring a quick turnaround time? 

3.0 CONCERNS IN REVIEWING THE EXPOSURE ASSESSMENT 

� Were "reasonable maximum exposures" considered (i.e., the highest exposures that are reasonably 
expected to occur)? (HHEM - 6.1.2, 6.4.1, 6.6) 

� Were current and future land uses considered?  (HHEM - 6.1.2, 6.2)


(continued)
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EXHIBIT 9-2 (continued)


REVIEWER CHECKLIST


� Was residential land use considered as an alternative future land use?  (HHEM - 6.2.2) 

-- if not, was a valid rationale provided? 

� Were all potential sensitive subpopulations considered (e.g., elderly people, pregnant or nursing 
women, infants and children, and people with chronic illnesses)?  (HHEM - 6.2.2) 

� Were all significant contaminant sources considered?  (HHEM - 6.3.1) 

� Were all potential contaminant release mechanisms considered, such as volatilization, fugitive dust 
emission, surface runoff/overland flow, leaching to ground water, tracking by humans/animals, and 
soil gas generation?  (HHEM - 6.3.1) 

� Were all potential contaminant transport pathways considered, such as direct air transport downwind, 
diffusion in surface water, surface water flow, ground-water flow, and soil gas migration?  (HHEM -
6.3) 

�	 Were all relevant cross-media transfer effects considered, such as volatilization to air, wet 
deposition, dry deposition, ground-water discharge to surface, and ground-water recharge from 
surface water?  (HHEM - 6.3) 

� Were all media potentially associated with exposure considered?  (HHEM - 6.2, 6.3) 

� Were all relevant site-specific characteristics considered, including topographical, hydrogeological, 
hydrological, and meteorological parameters?  (HHEM - 6.1, 6.3) 

� Were all possible exposure pathways considered?  (HHEM - 6.3) 

-- was a valid rationale offered for exclusion of any potential pathways from quantitative

evaluation?


� Were all " spatial relationships" adequately considered as factors that could affect the level of 
exposure (e.g., hot spots in an area that is frequented by children, exposure to ground water from two 
aquifers that are not hydraulically connected and that differ in the type and extent of contamination)? 
(HHEM - 6.2, 6.3) 

� Were appropriate approaches employed for calculating average exposure concentrations? (HHEM -
6.4, 6.5) 

-- was a valid rationale provided for using geometric or arithmetic means? 

� Were appropriate or standard default values used in exposure calculations (e.g., age-specific body 
weights, appropriate exposure frequency and duration values)?  (HHEM - 6.4, 6.5, 6.6) 

(continued) 
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EXHIBIT 9-2 (continued)


REVIEWER CHECKLIST


4.0 CONCERNS IN REVIEWING THE TOXICITY ASSESSMENT 

� Was the exclusion of any carcinogen from analysis adequately justified (e.g., were "weight-of-
evidence" classifications and completeness of exposure pathways considered in this decision)? 
(HHEM - 5.9, 7.3) 

� Were appropriate "route-to-route" extrapolations performed in cases where a toxicity value was 
applied across differing routes of exposure?  (HHEM - 7.5.1, 8.1.2) 

-- were the extrapolations based on appropriate guidance? 

� Were appropriate toxicity values employed based on the nature of exposure? (HHEM - 7.4, 7.5) 

-- were subchronic vs. chronic RfDs applied correctly based on the duration of exposure? 

-- were all sensitive subpopulations, such as pregnant or nursing women potentially requiring 
developmental RfDs (RfD s), considered in the selection of the toxicity values used?dt 

� Were the toxicity values that were used consistent with the values contained within the Integrated 
Risk Information System (IRIS) or other EPA documents?  (HHEM - 7.4, 7.5) 

5.0 CONCERNS IN REVIEWING THE RISK CHARACTERIZATION 

� Were exposure estimates and toxicity values consistently expressed as either intakes or absorbed 
doses for each chemical taken through risk characterization?  (HHEM - 8.1.2) 

-- was a valid rationale given for employing values based on absorbed dose? 

� Were all site-related chemicals that were analyzed in the exposure assessment considered in risk 
characterization?  (HHEM - 8.1.2) 

-- were inconsistencies explained? 

� Were risks appropriately summed only across exposure pathways that affect the same individual or 
population subgroup, and in which the same individual or population subgroup faces the "reasonable 
maximum exposure," based on the assumptions employed in the exposure assessment?  (HHEM -
8.3) 

� Were sources of uncertainty adequately characterized?  (HHEM - 8.4) 
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�	 Were current and future land uses 
considered? 

� Were all significant contaminant sources 
considered? 

�	 Were appropriate or standard default 
values used in exposure calculations? 

� Were the toxicity values that were used 
consistent with the values contained 
within the Integrated Risk Information 
System (IRIS) or other EPA documents? 

Al though the checklist addresses many pertinent 
issues, it is not a complete listing of all potential 
concerns, since this objective is beyond the scope of 
a preliminary review tool.  In addition, some of the 
concerns listed are not necessarily appropriate for all 
risk assessment reports. 

The recommended steps in reviewing a risk 
assessment report are as follows: 

(1)	 compare the risk assessment report outline 
to the suggested outline in Section 9.1 of 
this chapter (i.e., Exhibit 9-1); 

(2)	 use the checklist in this section (i.e., 
Exhibit 9-2); and 

(3)	 conduct a comprehensive review. 

The outline (Exhibit 9-1) and the checklist (Exhibit 
9-2) are intended only as tools to assist in a 
preliminary review of a risk assessment, and are not 
designed to replace the good judgment needed during 
the comprehensive review.  These two tools should 
provide a framework, however, for the timely 
screening of risk assessments by reviewers with a 

moderate level of experience in the area.  If these 
steps are followed in order, then some of the major 
problems with a risk assessment report (if any) can 
be identified before significant resources are 
expended during the comprehensive review. 

9.3 	MANAGEMENT TOOLS 

This section provides a concise checklist for the 
RPM to use in carrying out their role in the risk 
assessment process (see Exhibit 9-3).  Other 
decision-makers at the site also may find this 
checklist useful.  Specific points at which the 
managers should be involved, or may be called upon 
to become involved, during the risk assessment are 
discussed in Chapters 4 through 8 of the manual. 
This checklist extracts information from those 
chapters, and also includes pointers on planning and 
involvement for the manager.  The purpose of the 
checklist is to involve managers in the direction and 
development of the risk assessment and thereby 
avoid serious mistakes or costly misdirections in 
focus or level of effort. 

Although the checklist is shaped to suggest 
when and how the manager should become involved 
in the risk assessment process, it is assumed that part 
of the manager's involvement will require 
consultation with technical resources available in the 
region or state.  The checklist advises consulting the 
"regional risk assessment support staff" at a number 
of points in the process.  This contact may not be one 
person, but could be a number of different technical 
people in the region, such as a toxicologist, 
hydrogeologist, or other technical reviewer.  The 
manager should become aware of the resources 
available to him or her, and use them when 
appropriate to ensure that the risk assessment 
developed is useful and accurate. 
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EXHIBIT 9-3


CHECKLIST FOR MANAGER INVOLVEMENT


1. GETTING ORGANIZED 

� Ensure that the workplan for the risk assessment contractor support is in place (if needed). 

� Identify EPA risk assessment support personnel (to be used throughout the risk assessment process). 

� Gather relevant information, such as appropriate risk assessment guidances and site-specific data 
and reports. 

� Identify available state, county, and other non-EPA resources. 

2. BEFORE THE SCOPING MEETING 

� Make initial contact with risk assessor. 

� Provide risk assessor with available guidances and site data. 

� Determine (or review) data collection needs for risk assessment, considering:

--  modeling parameter needs;

--  type and location of background samples;

--  the preliminary identification of potential human exposure;

--  strategies for sample collection appropriate to site/risk assessment data needs;

--  statistical methods;

--  QA/QC measures of particular importance to risk assessment;

--  special analytical services (SAS) needs;

--  alternate future land use; and

--  location(s) in ground water that will be used to evaluate future ground-water exposures.


3. AT THE SCOPING MEETING 

� Present risk assessment data collection needs. 

� Ensure that the risk assessment data collection needs will be considered in development of the 
sampling and analysis plan. 

� Where limited resources require that less-than-optimal sampling be conducted, discuss potential impacts 
on risk assessment results. 

4. AFTER THE SCOPING MEETING 

� Ensure that the risk assessor reviews and approves the sampling and analysis plan. 

� Consult with ATSDR if human monitoring is planned.

(continued)
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EXHIBIT 9-3 (continued) 

CHECKLIST FOR MANAGER INVOLVEMENT 

5. DURING SAMPLING AND ANALYSIS 

� Ensure that risk assessment needs are being met during sampling. 

� Provide risk assessor with any preliminary sampling results so that he/she can determine if 
sampling should be refocused. 

� Consult with ATSDR to obtain a status report on any human monitoring that is being conducted. 
Provide any results to risk assessor. 

6. DURING DEVELOPMENT OF RISK ASSESSMENT 

� Meet with risk assessor to discuss basis of excluding chemicals from the risk assessment (and 
developing the list of chemicals of potential concern).  Confirm appropriateness of excluding 
chemicals. 

� Confirm determination of alternate future land use. 

� Confirm location(s) in ground water that will be used to evaluate future ground-water exposures. 

� Understand basis for selection of pathways and potentially exposed populations. 

� Facilitate discussions between risk assessor and EPA risk assessment support personnel on the 
following points: 

-- the need for any major exposure, fate, and transport models (e.g., air or ground-water dispersion 
models) used; 

-- site-specific exposure assumptions; 

-- non-EPA-derived toxicity values; and 

-- appropriate level of detail for uncertainty analysis, and the degree to which uncertainties will be 
quantified. 

� Discuss and approve combination of pathway risks and hazard indices. 

� Ensure that end results of risk characterization have been compared with ATSDR health 
assessments and other site-specific human studies that might be available. 

7. REVIEWING THE RISK ASSESSMENT 

� Al low sufficient time for review and incorporation of comments. 

� Ensure that reviewers' comments are incorporated. 
(continued) 
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EXHIBIT 9-3 (continued)


CHECKLIST FOR MANAGER INVOLVEMENT


8. COMMUNICATING THE RISK ASSESSMENT 

� Plan a briefing among technical staff to discuss significant findings and uncertainties. 

� Discuss development of graphics, tools, and presentations to assist risk management decisions. 

� Consult with other groups (e.g., community relations staff), as appropriate.  

� Brief upper management. 
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CHAPTER 10


RADIATION RISK ASSESSMENT

GUIDANCE


There are many sites contaminated with radioactive 
substances that are included on the National 
Priorities List (NPL), and additional sites are 
expected in future NPL updates.  This chapter 
provides supplemental baseline risk assessment 
guidance for use at these sites.  This guidance is 
intended as an overview of key differences in 
chemical and radionuclide assessments, and not as a 
comprehensive, stand-alone approach for assessing 
the risks posed by radiation. 

The reader should be familiar with the guidance 
provided in Chapters 2 through 9 before proceeding 
further in Chapter 10.  Al though the discussions in 
the previous chapters focus primarily on chemically 
contaminated sites, much of the information 
presented is also applicable to the evaluation of 
radioactively contaminated Superfund sites. For 
consistency and completeness, the topics discussed 
in each section of this chapter parallel the topics 
covered in each of the previous chapters. 

After a brief introduction to some of the basic 
principles and concepts of radiation protection 
(Section 10.1), seven additional areas are addressed: 

(1)	 Regulation of Radioactively Contaminated 
Sites (Section 10.2); 

(2)	 Data Collection (Section 10.3); 

(3)	 Data Evaluation (Section 10.4); 

(4)	 Exposure and Dose Assessment (Section 
10.5); 

ACRONYM S, SYMBOLS, AND UNITS 
FOR CHAPTER 10 

A(t) = Activity at Time t 
Bq = Becquerel 
Ci = Curie 
CLP = Contract Laboratory Program 
D = Absorbed Dose 
DCF = Dose Conversion Factor Per Unit Intake 
HE = Effective Dose Equivalent 
HT = Dose Equivalent Averaged Over Tissue or
        Organ T 
HE,50 = Committed Effective Dose Equivalent Per
            Unit Intake 
HT,50 = Committed Dose Equivalent Averaged Over   
           Tissue T 
LET = Linear Energy Transfer 
LLD = Lower Limit of Detection 
MeV = Million Electron Volts 
N = Modifying Factor in the Definition of Dose
       Equivalent 
pCi = PicoCurie (10-12 Ci) 
Q = Quality Factor in Definition of Dose Equivalent 
RBE = Relative Biological Effectiveness 
SI = International System of Units 
Sv = Sievert 
T = Tissue or Target Organs 
wT = Weighting Factor in the Definition of Effective   
         Dose Equivalent and Committed Effective Dose
         Equivalent 

(5) Toxicity Assessment (Section 10.6); 

(6) Risk Characterization (Section 10.7); and 

(7) Documentation, Review, and Management 

and Manager (Section 10.8). 
Tools for the Risk Assessor, Reviewer, 
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DEFINITIONS FOR CHAPTER 10 

Absorbed Dose (D).  The mean energy imparted by ionizing radiation to matter per unit mass.  The special SI unit of absorbed 
dose is the gray (Gy); the conventional unit is the rad (1 rad = 0.01 Gy). 

Becquerel (Bq).  One nuclear disintegration per second; the name for the SI unit of activity.  1 Bq = 2.7 x 10-11 Ci. 

Committed Dose Equivalent (H T,50 ).  The total dose equivalent (averaged over tissue T) deposited over the 50-year period 
following the intake of a radionuclide. 

Committed Effective Dose Equivalent (H E,50 ).  The weighted sum of committed dose equivalents to specified organs and tissues, 
in analogy to the effective dose equivalent. 

Curie (Ci).  3.7 x 1010  nuclear disintegrations per second, the name for the conventional unit of activity.  1 Ci = 3.7 x 10 10Bq. 

Decay Product(s).  A radionuclide or a series of radionuclides formed by the nuclear transformation of another radionuclide 
which, in this context, is referred to as the parent. 

Dose Conversion Factor (DCF).  The dose equivalent per unit intake of radionuclide. 

Dose Equivalent (H).  The product of the absorbed dose (D), the quality factor (Q), and any other modifying factors (N).  The SI 
unit of dose equivalent is the sievert (Sv); the conventional unit is the rem (1 rem = 0.01 Sv). 

Effective Dose Equivalent (H E).  The sum over specified tissues of the products of the dose equivalent in a tissue or organ (T) 
and the weighting factor for that tissue. 

External Radiation.  Radiations incident upon the body from an external source. 

Gray (Gy).  The SI unit of absorbed dose.  1Gy = 1 Joule kg-1 = 100 rad. 

Half-Life (physical, biological, or effective).  The time for a quantity of radionuclide, i.e., its activity, to diminish by a factor of a 
half (because of nuclear decay events, biological elimination of the material, or both.). 

Internal Radiation.  Radiation emitted from radionuclides distributed within the body. 

Ionizing Radiation.  Any radiation capable of displacing electrons from atoms or molecules, thereby producing ions. 

Linear Energy Transfer (LET).  A measure of the rate of energy absorption, defined as the average energy imparted to the 
absorbing medium by a charged particle per unit distance (KeV per um). 

Nuclear Transformation.  The spontaneous transformation of one radionuclide into a different nuclide or into a different energy 
state of the same nuclide. 

Quality Factor (Q).  The principal modifying factor that is employed in deriving dose equivalent, H, from absorbed dose, D; 
chosen to account for the relative biological effectiveness (RBE) of the radiation in question, but to be independent 
of the tissue or organ under consideration, and of the biological endpoint. For radiation protection purposes, the 
quality factor is determined by the linear energy transfer (LET) of the radiation. 

Rad.  The conventional unit for absorbed dose of ionizing radiation; the corresponding SI unit is the gray (Gy); 1 rad = 0.01 Gy 
= 0.01 Joule/kg. 

Rem.  An acronym of radiation equivalent man, the conventional unit of dose equivalent; the corresponding SI unit is the 
Sievert; 1 Sv = 100 rem. 

Sievert (Sv).  The special name for the SI unit of dose equivalent. 1 Sv = 100 rem. 

Slope Factor.  The age-averaged lifetime excess cancer incidence rate per unit intake (or unit exposure for external exposure 
pathways) of a radionuclide. 

Weighting Factor (w T).  Factor indicating the relative risk of cancer induction or hereditary defects from irradiation of a given 
tissue or organ; used in calculation of effective dose equivalent and committed effective dose equivalent. 
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There are special hazards associated with 
handling radioactive waste and EPA strongly 
recommends that a health physicist experienced in 
radiation measurement and protection be consulted 
prior to initiating any activities at a site suspected of 
being contaminated with radioactive substances. 
EPA  also recommends that the remedial project 
manager (RPM) or on-scene coordinator (OSC) 
should designate both a chemical risk assessor and a 
radiation risk assessor.  These individuals should 
work closely with each other and the RPM to 
coordinate remedial activities (e.g., site scoping, 
health and safety planning, sampling and analysis) 
and exchange information common to both chemical 
and radionuclide assessments, including data on the 
physical characteristics of the site, potentially 
impacted populations, pathways of concern,  and fate 
and transport models used.  At the conclusion of the 
remedial investigation/feasibility study (RI/FS) 
process, the RPM should issue a single report that 
summarizes and integrates the results from both the 
chemical and the radiation risk assessments. 

A two-phase evaluation is described for the 
radiation risk assessment.  As discussed in Section 
10.5, procedures established by the International 
Commission on Radiological Protection (ICRP 1979) 
and adopted by EPA in Federal Guidance Report 
No. 11 (EPA 1988) are used to estimate the radiation 
dose equivalent to humans from potential exposures 
to radionuclides through all pertinent exposure 
pathways at a site.  Those estimates of dose 
equivalent may be used for comparison with 
established radiation protection standards and 
criteria.  However, this methodology was developed 
for regulation of occupational radiation exposures 
for adults and is not completely applicable for 
estimating health risk to the general population at a 
Superfund site.  Therefore, a separate methodology 
is presented in Section 10.7.2 for estimating health 
risk, based on the age-averaged lifetime excess 
cancer incidence per unit intake (and per unit 
external exposure) for radionuclides of concern. 
Radiation risk assessments for Superfund sites 
should include estimates of both the dose equivalent 
computed as described in Section 10.5, and the 
health risk attributable to radionuclide exposures 
computed using the approach described in Section 
10.7. 

Only summary-level information is presented in 
this chapter, and references are provided to a number 
of supporting technical documents for further 
information.  In particular, the reader is encouraged 
to consult Volume 1 of the Background Information 
Document for the Draft Environmental Impact 
Statement for Proposed NESHAPS for Radionuclides 
(EPA 1989a) for a more comprehensive discussion 
of EPA's current risk assessment methodology for 
radionuclides. 

For additional radiation risk assessment 
information and guidance, RPMs and other 
interested individuals can contact the Office of 
Radiation Programs (ORP) within EPA headquarters 
at 202-475-9630 (FTS 475-9630). Interested 
individuals also can contact the Regional Radiation 
Program Managers within each of the EPA regional 
offices for guidance and health physics support. 

10.1	 RADIATION PROTECTION 
PRINCIPLES AND 
CONCEPTS 

Radioactive atoms undergo spontaneous nuclear 
transformations and release excess energy in the 
form of ionizing radiation.  Such transformations are 
referred to as radioactive decay.  As a result of the 
radioactive decay process, one element is 
transformed into another; the newly formed element, 
called a decay product, will possess physical and 
chemical properties different from those of its parent, 
and may also be radioactive.  A radioactive species 
of a particular element is referred to as a 
radionuclide or radioisotope.  The exact mode of 
radioactive transformation for a particular 
radionuclide depends solely upon its nuclear 
characteristics, and is independent of the nuclide's 
chemical characteristics or physical state.  A 
fundamental and unique characteristic of each 
radionuclide is its radioactive half-life, defined as the 
time required for one half of the atoms in a given 
quantity of the radionuclide to decay.  Over 1,600 
different radionuclides have been identified to date, 
with half-lives ranging from fractions of a second to 
millions of years.  Selected radionuclides of potential 
importance at Superfund sites are listed in Exhibit 
10-1. 
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Radiation emitted by radioactive substances can Quantities of radionuclides are typically 
transfer sufficient localized energy to atoms to expressed in terms of activity at a given time t (A(t)). 
remove electrons from the electric field of their The SI unit of activity is the becquerel (Bq), which 
nucleus  (ionization).  In living tissue this energy is defined as the quantity of a given radionuclide in 
transfer can destroy cellular constituents and which one atom is transformed per second (i.e., one 
produce electrically charged molecules (i.e., free decay per second).  The conventional unit of activity 
radicals). Extensive biological damage can lead to is the curie (Ci), which is defined as the quantity of 
adverse health effects. The type of ionizing radiation a given radionuclide in which 3.7x1010  atoms 
emitted by a particular radionuclide depends upon undergo nuclear transformation each second; one 
the exact nature of the nuclear transformation, and curie is approximately equivalent to the decay rate of 
may include emission of alpha particles, electrons one gram of Ra-226. A more convenient unit of 
(beta particles or positrons), and neutrons; each of activity for expressing environmental concentrations 
these transformations may be accompanied by of radionuclides is the picoCurie (pCi), which is 
emission of photons (gamma radiation or x-rays). equal to 10 -12 Ci. Occasionally, activity is expressed 
Each type of radiation  differs in its physical incorrectly in terms of counts per second (cps) or 
characteristics and in its ability  to inflic t damage to counts per minute (cpm): these refer to the number 
biological tissue. These characteristics and effects of transformations per unit time measured by a 
are summarized in the box on this page. particular radiation detector and do not represent the 

true decay rate of the radionuclide.  To derive 
activity values, count rate measurements are 
multiplied by radioisotope-specific detector 
calibration factors. 

PRINCIPAL TYPES OF IONIZ ING RADIATION 

Alpha particles are doubly charged cations, composed of two protons and two neutrons, which are ejected monoenergetically from 
the nucleus of an atom when the neutron to proton ratio is too low.  Because of their relatively large mass and charge, alpha particles tend to 
ionize nearby atoms quite readily, expending their energy in short distances.  Alpha particles will usually not penetrate an ordinary sheet of paper 
or the outer layer of skin.  Consequently, alpha particles represent a significant hazard only when taken into the body, where their energy is 
completely absorbed by small volumes of tissues. 

Beta particles are electrons ejected at high speeds from the nucleus of an unstable atom when a neutron spontaneously converts to 
a proton and an electron. Unlike alpha particles, beta particles are not emitted with discrete energies but are ejected from the nucleus over a 
continuous energy spectrum.  Beta particles are smaller than alpha particles, carry a single negative charge, and possess a lower specific 
ionization potential.  Unshielded beta sources can constitute external hazards if the beta radiation is within a few centimeters of exposed skin 
surfaces and if the beta energy is greater than 70 keV.  Beta sources shielded with certain metallic materials may produce bremsstrahlung (low 
energy x-ray) radiation which may also contribute to the external radiation exposure.  Internally, beta particles have a much greater range than 
alpha particles in tissue.  However, because they cause fewer ionizations per unit path length, beta particles deposit much less energy to small 
volumes of tissue and, consequently, inflict must less damage than alpha particles. 

Positrons are identical to beta particles except that they have a positive charge.  A positron is emitted from the nucleus of a 
neutron-deficient atom when a proton spontaneously transforms into a neutron.  Alternatively, in cases where positron emission is not 
energetically possible, the neutron deficiency may be overcome by electron capture, whereby one of the orbital electrons is captured by the 
nucleus and united with a proton to form a neutron, or by annihilation radiation, whereby the combined mass of a positron and electron is 
converted into photon energy.   The damage inflicted by positrons to small volumes of tissue is similar to that of beta particles. 

Gamma radiations are photons emitted from the nucleus of a radioactive atom.  X-rays, which are extra-nuclear in origin, are identical 
in form to gamma rays, but have slightly lower energy ranges. There are three main ways in which x- and gamma rays interact with matter: 
the photoelectric effect, the Compton effect, and pair production.  All three processes yield electrons which then ionize or excite other atoms 
of the substance.  Because of their high penetration ability, x- and gamma radiations are of most concern as external hazards. 

Neutrons are emitted during nuclear fission reactions, along with two smaller nuclei, called fission fragments, and beta and gamma 
radiation. For radionuclides likely to be encountered at Superfund sites, the rate of spontaneous fission is minute and no significant neutron 
radiation is expected. 
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EXHIBIT 10-1 

RADIOLOGICAL CHARACTERISTICS OF SELECTED RADIONUCLIDES

FOUND AT SUPERFUND SITESa


                                         Average Radiation Energies (MeV/decay)b

 Nuclide Half-lifec  Alpha Beta, Electron x, Gamma 

 Am-241 4.32x10  y 2 5.57x10 0 5.21x10 -2  3.25x10 -2

 Am-243 7.38x10  y 3 5.36x10 0 2.17x10 -2  5.61x10 -2

 Ba-137m 2.55x10  h0    -- 6.37x10 -2 5.98x10 -1

 C-14 5.73x10  y3    -- 4.95x10-2    --
 Ce-144 2.84x10  d2    -- 9.22x10 -2 2.07x10 -2

 Cm-243 2.85x10  y 1 5.89x10 0 1.38x10 -1  1.35x10 -1

 Cm-244 1.81x10  y 1 5.89x10 0 8.59x10 -3  1.70x10 -3

 Co-60 5.27x10  y0    -- 9.65x10 -2 2.50x10 0

 Cr-51 2.77x10  d1    -- 3.86x10 -3 3.26x10 -2

 Cs-134 2.06x10  y0    -- 1.64x10 -1 1.55x10 0

 Cs-135 2.30x10  y6    -- 6.73x10-2    --
 Cs-137 3.00x10  y1    -- 1.87x10-1    --
 Fe-59 4.45x10  d1    -- 1.17x10 -1 1.19x10 0

 H-3 1.23x10  y1    -- 5.68x10-3    --
 I-129 1.57x10  y7    -- 6.38x10 -2 2.46x10 -2

 I-131 8.04x10  d0    -- 1.92x10 -1 3.81x10 -1

 K-40 1.28x10  y9    -- 5.23x10 -1 1.56x10 -1

 Mn-54 3.13x10  d2    -- 4.22x10 -3 8.36x10 -1

 Mo-99 6.60x10  h1    -- 3.93x10 -1 1.50x10 -1

 Nb-94 2.03x10  y4    -- 1.68x10 -1 1.57x10 0

 Np-237 2.14x10  y 6 4.85x10 0 7.01x10 -2  3.46x10 -2

 P-32 1.43x10  d1    -- 6.95x10-1    --
 Pb-210 2.23x10  y1    -- 3.80x10 -2 4.81x10 -3

 Po-210 1.38x10  d 2 5.40x10 0 8.19x10 -8  8.51x10 -6

 Pu-238 8.77x10  y 1 5.59x10 0 1.06x10 -2  1.81x10 -3

 Pu-239 2.41x10  y 4 5.24x10 0 6.74x10 -3  8.07x10 -4

 Pu-240 6.54x10  y 3 5.24x10 0 1.06x10 -2  1.73x10 -3

 Pu-241 1.44x10  y 1 1.22x10 -4 5.25x10 -3 2.55x10 -6

 Pu-242 3.76x10  y 5 4.97x10 0 8.73x10 -3  1.44x10 -3

 Ra-226 1.60x10  y 3 4.86x10 0 3.59x10 -3  6.75x10 -3

 Ra-228 5.75x10  y0    -- 1.69x10 -2 4.14x10 -9

 Ru-106 3.68x10  d2    -- 1.00x10-2    --
 S-35 8.74x10  d1    -- 4.88x10-2    --
 Sr-89 5.05x10  d1    -- 5.83x10 -1 8.45x10 -5

 Sr-90 2.91x10  y1    -- 1.96x10-1    --
 Tc-99 2.13x10  y5    -- 1.01x10-1    --
 Tc-99m 6.02x10  h0    -- 1.62x10 -2 1.26x10 -1

 Th-230 7.70x10  y 4 4.75x10 0 1.42x10 -2  1.55x10 -3

 Th-232 1.41x10  y10 4.07x10 0 1.25x10 -2  1.33x10 -3

 U-234 2.44x10  y 5 4.84x10 0 1.32x10 -2  1.73x10 -3

 U-235 7.04x10  y 8 4.47x10 0 4.92x10 -2  1.56x10 -1

 U-238 4.47x10  y 9 4.26x10 0 1.00x10 -2  1.36x10 -3

a  Source:  ICRP 1983 (except Ba-137m data from Kocher 1981). 
b Computed as the sum of the products of the energies and yields of individual radiations. 
c Half-lif e expressed in years (y), days (d), and hours (h). 
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The activity per unit mass of a given radionuclide is 
called the specific activity, and is usually expressed 
in units of becquerels per gram (Bq/g) or curies per 
gram (Ci/g).  The shorter the half-life of the 
radionuclide, the greater is its specific activity. For 
example, Co-60 has a radioactive half- life of about 
5 years and a specific activity of 4x10 13 Bq/g, 
whereas Np-237 has a half-life of 2 million years and 

7a specific activity of 3x10 Bq/g. 

Several terms are used by health physicists to 
describe the physical interactions of different types 
of radiations with biological tissue, and to define the 
effects of these interactions on human health. One of 
the first terms developed was radiation exposure, 
which refers to the transfer of energy from a 
radiation field of x- or gamma rays to a unit mass of 
air.  The unit for this definition of exposure is the 
roentgen (R), expressed as coulombs of charge per 
kilogram of air (1 R = 2.58x10-4  C/kg). 

The term exposure is also defined as the 
physical contact of the human body with radiation. 
Internal exposure refers to an exposure that occurs 
when human tissues are subjected to radiations from 
radionuclides that have entered the body via 
inhalation, ingestion, injection, or other routes. 
External exposure refers to the irradiation of human 
tissues by radiations emitted by radionuclides located 
outside the body either dispersed in the air or water, 
on skin surfaces, or deposited on ground surfaces. 
All types of radiation may contribute to internal 
exposure, whereas only photon, beta, and neutron 
radiations contribute significantly to external 
exposure. 

Ionizing radiation can cause deleterious effects 
on biological tissues only when the energy released 
during radioactive decay is absorbed in tissue. The 
absorbed dose (D) is defined as the mean energy 
imparted by ionizing radiation per unit mass of 
tissue. The SI unit of absorbed dose is the joule per 
kilogram, also assigned the special name the gray (1 
Gy = 1 joule/kg).  The conventional unit of absorbed 
dose is the rad (1 rad = 100 ergs per gram = 0.01 
Gy). 

For radiation protection purposes, it is desirable 
to compare doses of different  types  of 

radiation. The absorbed dose of any radiation 
divided by the absorbed dose of a reference radiation 
(traditionally 250 kVp x-rays) that produces the same 
biological endpoint is called the Relative Biological 
Effectiveness or RBE.  For regulatory purposes, an 
arbitrary consensus RBE estimate called the Quality 
Factor or Q is often used.  The dose equivalent (H) 
was developed to normalize the unequal biological 
effects produced from equal absorbed doses of 
different types of radiation.  The dose equivalent is 
defined as: 

H = DQN 

where D is the absorbed dose, Q is a quality factor 
that accounts for the RBE of the type of radiation 
emitted, and N is the product of any additional 
modifying factors. Quality factors currently assigned 
by the International Commission on Radiological 
Protection (ICRP) include values of  Q=20 for alpha 
particles, Q=10 for neutrons and protons, and Q=1 
for beta particles, positrons, x-rays, and gamma rays 
(ICRP 1984). These factors may be interpreted as 
follows: on average, if an equal amount of energy is 
absorbed, an alpha particle will in flic t approximately 
20 times more damage to biological tissue than a 
beta particle or gamma ray, and twice as much 
damage as a neutron.  The modifying  factor is 
currently assigned a value of unity  (N=1) for all 
radiations.  The SI unit of dose equivalent is the 
sievert (Sv), and the conventional unit is the rem (1 
rem = 0.01 Sv). 

GENERAL HEALTH PHYSICS

REFERENCES


Introduction to Health Physics (Cember 1983)


Atoms, Radiation, and Radiation Protection

(Turner 1986)


Environmental Radioactivity (Eisenbud 1987)


The Health Physics and Radiological Health

Handbook (Shleien and Terpilak 1984) 
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EFFECTIVE DOSE EQUIVALENT

   The effective dose equivalent, HE , is a weighted sum of dose equivalents to all organs and tissues (ICRP 1977, ICRP 1979), defined as:

 H  = � w  HE  T T

 T 

where w  is the weighting factor for organ or tissue T and H is the mean dose equivalent to organ or tissue T.  The factor w , which is T T T 

normalized so that the summation of all the organ weighting factors is equal to one, corresponds to the fractional contribution of organ or tissue 
T to the total risk of stochastic health effects when the body is uniformly irradiated.  Similarly, the committed effective dose equivalent, HE,50, 
is defined as the weighted sum of committed dose equivalents to all irradiated organs and tissues, as follows:

 H  = � w  HE,50 T T,50

 T 

H and H thus reflect both the distribution of dose among the various organs and tissues of the body and their assumed relative sensitiv ities E E,50 

to stochastic effects. The organ and tissue weighting factor values wT are as follows: Gonads, 0.25; Breast, 0.15; Red Marrow, 0.12; Lungs, 
0.12; Thyroid, 0.03; Bone Surface, 0.03; and Remainder,  0.30 (i.e., a value of wT = 0.06 is applicable to each of the five remaining organs or 
tissues receiving the highest doses). 

The dose delivered to tissues from radiations the same number (but possibly a dissimilar 
external to the body occurs only while the radiation distribution) of fatal stochastic health effects as the 
field is present.  However,  the dose  delivered to particular combination of committed organ dose 
body  tissues due to radiations from systemically equivalents (see the box on this page). 
incorporated radionuclides may continue long after 
intake of the nuclide has ceased.  Therefore, internal A special unit, the working level (WL), is used 
doses to specific tissues and organs are typically to describe exposure to the short-lived radioactive 
reported in terms of the committed dose equivalent decay products of radon (Rn-222). Radon is a 
(H T,50 ), which is defined as the integral of the dose naturally occurring radionuclide that is of particular 
equivalent in a particular tissue T for 50 years after concern because it is ubiquitous, it is very mobile in 
intake (corresponding to a working lifetime). the environment, and it decays through a series of 

short-lived decay products that can deliver a 
When subjected to equal doses of radiation, significant dose to the lung when inhaled. The WL 

organs and tissues in the human body will exhibit is defined as any combination of short-lived radon 
different cancer induction rates.  To account for decay products in one liter of air that will result in 
these differences and to normalize radiation doses the ultimate emission of 1.3x105  MeV of alpha 
and effects on a whole body basis for regulation of energy. The working level month (WLM) is defined 
occupational exposure, the ICRP developed the as the exposure to 1 WL for 170 hours (1 working 
concept of the effective dose equivalent (H ) and month). E 

committed effective dose equivalent (HE,50), which 
are defined as weighted sums of the organ-specific Radiation protection philosophy encourages the 
dose equivalents (i.e., � w H ) and organ-specific reduction of all radiation exposures as low as T T  

committed dose equivalents (i.e., �w H ), reasonably achievable (ALARA), in consideration of T T,50 

respectively.  Weighting factors, w , are based on T technical, economic, and social factors. Further, no 
selected stochastic risk factors specified by the ICRP practice involving radiation exposure should be 
and are used to average organ-specific dose adopted unless it provides a positive net benefit.  In 
equivalents (ICRP 1977, 1979).  The effective dose addition to these general guidelines, specific upper 
equivalent is equal to that dose equivalent, delivered limits on radiation exposures and doses have been 
at a uniform whole-body rate, that corresponds to established by regulatory authorities as described in 

the following section. 
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Additional discussion on the measurement of 
radioactivity is provided in Sections 10.3 and 10.4, 
and the evaluation of radiation exposure and dose is 
discussed further in Section 10.5.  Discussion of 
potential health impacts from ionizing radiation is 
presented in Section 10.6. 

10.2	 REGULATION OF 
RADIOACTIVELY 
CONTAMINATED S ITES 

Chapter 2 briefly describes the statutes, 
regulations, guidance, and studies related to the 
human health evaluation process for chemical 
contaminants.  The discussion describes CERCLA, 
as amended by SARA, and the RI/FS process.  Since 
radionuclides are classified as hazardous substances 
under CERCLA, this information is also applicable 
to radioactively contaminated sites.  Chapter 2 also 
introduces the concept of compliance with applicable 
or relevant and appropriate requirements (ARARs) 
in federal and state environmental laws as required 
by SARA.  Guidance on potential ARARs for the 
remediation of radioactively contaminated sites 
under CERCLA is available in the CERCLA 
Compliance with Other Laws Manual (EPA 1989c). 
Only a brief summary of regulatory authorities is 
presented here. 

The primary agencies with regulatory authority 
for the cleanup of radioactively contaminated sites 
include EPA, the Nuclear Regulatory Commission 
(NRC), the Department of Energy (DOE), and state 
agencies.  Other federal agencies, including the 
Department of Transportation (DOT) and 
Department of Defense (DOD), also have regulatory 
programs (but more limited) for radioactive 
materials.  Also, national and international scientific 
advisory organizations provide recommendations 
related to radiation protection and radioactive waste 
management, but have no regulatory authority.  The 
following is a brief description of the main functions 
and areas of jurisdiction of these agencies and 
organizations. 

� EPA's authority to protect public health 
and the environment from adverse effects 
of radiation exposure is derived from 
several statutes, including the Atomic 
Energy Act, the Clean Air Act, the 

Uranium Mill Tailings Radiation Control 
Act (UMTRCA), the Nuclear Waste 
Policy Act, the Resource Conservation and 
Recovery Act (RCRA), and CERCLA. 
EPA's major responsibilities with regard to 
radiation include the development of 
federal guidance and standards, 
assessment of new technologies, and 
surveillance of radiation in the 
environment.  EPA also has lead 
responsibility in the federal government 
for advising all federal agencies on 
radiation standards.  EPA's radiation 
standards apply to many different types of 
activities involving all types of radioactive 
material (i.e., source, byproduct, special 
nuclear, and naturally occurring and 
accelerator produced radioactive material 
[NARM]). For some of the EPA 
standards, implementation and 
enforcement responsibilities are vested in 
other agencies, such as NRC and DOE. 

� NRC licenses the possession and use of 
certain types of radioactive material at 
certain types of facilities. Specifically, the 
NRC is authorized to license source, 
byproduct, and special nuclear material. 
The NRC is not authorized to license 
NARM, although NARM may be partially 
subject to NRC regulation when it is 
associated with material licensed by the 
NRC.  Most of DOE's operations are 
exempt from NRC's licensing and 
regulatory requirements, as are certain 
DOD activities involving nuclear weapons 
and the use of nuclear reactors for military 
purposes. 

�	 DOE is responsible for conducting or 
overseeing radioactive material operations 
at numerous government-
owned/contractor-operated facilities. 
DOE is also responsible for managing 
several inactive sites that contain 
radioactive waste, such as sites associated 
with the Formerly Utilized Sites Remedial 
Action Program (FUSRAP), the Uranium 
Mill Tailings Remedial Action Program 
(UMTRAP), the Grand Junction Remedial 
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MAJOR FEDERAL LAWS FOR RADIATION PROTECTION 

! Atomic Energy Act of 1954, Public Law 83-703 - established the Atomic Energy Commission as the basic regulatory 
authority for ionizing radiation. 

! Energy Reorganization Act of 1974, Public Law 93-438 - amended the Atomic Energy Act, and established the Nuclear 
Regulatory Commission to regulate nondefense nuclear activities. 

! Marine Protection, Research, and Sanctuaries Act of 1972, Public Law 92-532 - established controls for ocean disposal of 
radioactive waste. 

! Safe Drinking Water Act, Public Law 93-523 - mandated regulation of radionuclides in drinking water. 

! Clean Air Act Amendments of 1977, Public Law 95-95 - extended coverage of the Act's provisions to include 
radionuclides. 

! Uranium Mill Tailings Radiation Control Act of 1978, Public Law 96-415 - required stabilization and control of byproduct 
materials (primarily mill tailings) at licensed commercial uranium and thorium processing sites. 

! Low-Level Radioactive Waste Policy Act of 1980, Public Law 96-573 - made states responsible for disposal of LLRW 
generated within their borders and encouraged formation of inter-state compacts. 

! Nuclear Waste Policy Act of 1982, Public Law 97-425 - mandated the development of repositories for the disposal of 
high-level radioactive waste and spent nuclear fuel. 

! Low-Level Radioactive Waste Policy Act Amendments of 1985, Public Law 99-240 - amended LLRWPA requirements and 

! 

Action Program (GJRAP),  and the 
Surplus  Facilities Management Program 
(SFMP).  DOE is authorized to control all 
types of radioactive materials at sites 
within its jurisdiction. 
Other federal agencies with regulatory 
programs applicable to radioactive waste 
include DOT and DOD.  DOT has issued 
regulations that set forth packaging, 
labeling, record keeping, and reporting 
requirements for the transport of 
radioactive material (see 49 CFR Parts 171 
through 179).  Most of DOD's radioactive 
waste management activities are regulated 
by NRC and/or EPA.  However, DOD has 
its own program for controlling wastes 
generated for certain nuclear weapon and 
reactor operations for military purposes. 
Other agencies, such as the Federal 
Emergency Management Agency (FEMA) 
and the Department of the Interior (DOI), 
may also play a role in radioactive waste 
cleanups in certain cases. 

! 

! 

States have their own authority and regulations 
for managing radioactive material and waste. 
In addition, 29 states (Agreement States) have 
entered into agreements with the NRC, 
whereby the Commission has relinquished to 
the states its regulatory authority over source, 
byproduct, and small quantities of special 
nuclear material.  Both Agreement States and 
Nonagreement States can also regulate NARM. 
Such state-implemented regulations are 
potential ARARs. 
The National Council on Radiation Protection 
and Measurements (NCRP) and the 
International Commission on Radiological 
Protection (ICRP) provide recommendations 
on human radiation protection.  The NCRP was 
chartered by Congress to collect, analyze, 
develop, and disseminate information and 
recommendations about radiation protection 
and measurements.  The ICRP's function is 
basically the same, but on an international 
level.  Although neither the NCRP nor the 
ICRP have regulatory authority, their 
recommendations serve as the basis for many 
of the general (i.e., not 
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source-specific) regulations on radiation 
protection developed at state and federal 
levels. 

The standards, advisories, and guidance of these 
various groups are designed primarily to be 
consistent with each other, often overlapping in 
scope and purpose. Nevertheless, there are 
important differences between agencies and 
programs in some cases.  It is important that these 
differences be well understood so that when more 
than one set of standards is potentially applicable to 
or relevant and appropriate for the same CERCLA 
site, RPMs will be able to evaluate which standards 
to follow.  In general, determination of an ARAR for 
a site contaminated with radioactive materials 
requires consideration of the radioactive constituents 
present and the functional operations that generated 
the site, whose regulatory jurisdiction the site falls 
under, and which regulation is most protective, or if 
relevant and appropriate, most appropriate given site 
conditions. 

For further information on radiation standards, 
advisories, and guidance, RPMs should consult the 
detailed ARARs guidance document (EPA 1989c), 
as well as EPA's ORP and/or Regional Radiation 
Program Managers. 

10.3 DATA COLLECTION 

Data collection needs and procedures for sites 
contaminated with radioactive substances are very 
similar to those described in Chapter 4 for 
chemically contaminated sites.  There are, however, 
some basic differences that simplify  data collection 
for radionuclides, including  the relative ease and 
accuracy with which natural background radiation 
and radionuclide contaminants can be detected in the 
environment when compared with chemical 
contaminants. 

The pathways of exposure and the mathematical 
models used to evaluate the potential health risks 
associated with radionuclides in the environment are 
similar to those used for evaluating chemical 
contaminants.  Many of the radionuclides found at 
Superfund sites behave in the environment like trace 
metals.  Consequently, the types of data needed for 
a radiation risk assessment are very similar to those 

required for a chemical contaminant risk assessment. 
For example, the environmental, land use, and 
demographic data needed and the procedures used to 
gather the data required to model fate and effect are 
virtually identical.  The primary differences lie in the 
procedures used to characterize the radionuclide 
contaminants. In the sections that follow, emphasis 
is placed on the procedures used to characterize the 
radionuclide contaminants and not the environmental 
setting that affects their fate and effects, since the 
latter has been thoroughly covered in Chapter 4. 

10.3.1  RADIATION DETECTION METHODS 

Field and laboratory methods used to identify 
and quantify concentrations of radionuclides in the 
environment are, in many cases, more exact, less 
costly, and more easily implemented than those 
employed for chemical analyses. Selection of a 
radiometric method depends upon the number of 
radionuclides of interest, their activities and types of 
radiations emitted, as well as on the level of 
sensitivity required and the sample size available. In 
some cases, the selection process requires prior 
knowledge of the nature and extent of radioactive 
contamination present onsite.  See the references 
provided in the box on page 10-12 for detailed 
guidance on sample collection and preparation, 
radiochemical procedures, and radiation counters 
and measurement techniques.  The following 
discussion provides an overview of a few of the 
radiation detection techniques and instruments 
currently used to characterize sites contaminated 
with radioactive materials. 

Field methods utilize instrumental techniques 
rather than radiochemical procedures to determine 
in-situ identities and concentrations of radionuclides, 
contamination profiles, and external beta/gamma 
exposure rates.  Field instruments designed for 
radiation detection (see Exhibit 10-2) are portable, 
rugged, and relatively insensitive to wide 
fluctuations in temperature and humidity.  At the 
same time, they are sensitive enough to discriminate 
between variable levels of background radiation 
from naturally occurring radionuclides and excess 
radiation due to radioactive waste. Because of the 
harsh conditions in which they are sometimes 
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RADIONUCLIDE M EASUREMENT

PROCEDURES


Environmental Radiation Measurements 
(NCRP 1976) 

Instrumentation and Monitoring Methods for 
Radiation Protection (NCRP 1978) 

Radiochemical Analytical Procedures for 
Analysis of Environmental Samples (EPA 
1979a) 

Eastern Environmental Radiation Facility 
Radiochemistry Procedures Manual (EPA 
1984a) 

A Handbook of Radioactivity Measurement 
Procedures (NCRP 1985a) 

operated, and because their detection efficiency 
varies with photon energy, all field instruments 
should be properly calibrated in the laboratory 
against National Bureau of Standards (NBS) 
radionuclide sources prior to use in the field. 
Detector response should also be tested periodically 
in the field against NBS check-sources of known 
activity. 

Commonly used gamma-ray survey meters 
include Geiger-Muller (G-M) probes, sodium iodide 
(NaI(Tl)) crystals, and solid-state germanium diodes 
(Ge(Li)) coupled to ratemeters, scalers, or 
multichannel analyzers (MCAs).  These instruments 
provide measurements of overall exposure rates in 
counts per minute, or microRoentgens or microrem 
per hour.  However, only NaI and Ge(Li) detectors 
with MCAs provide energy spectra of the gamma 
rays detected and can therefore verify the identity of 
specific radionuclides.  Thin window G-M detectors 
and Pancake (ionization) probes are used to detect 
beta particles. Alpha-particle surface monitors 
include portable air proportional, gas proportional, 
and zinc sulfide (ZnS) scintillation detectors, which 
all have very thin and fragile windows.  The 
references in the box on this page provide additional 
information on several other survey techniques and 
instruments, such as aerial gamma surveillance used 

to map gamma exposure rate contours over large 
areas. 

Laboratory methods involve both chemical and 
instrumental techniques to quantify low-levels of 
radionuclides in sample media.  The preparation of 
samples prior to counting is an important 
consideration, especially for samples containing 
alpha- and beta-emitting radionuclides that either do 
not emit gamma rays or emit gamma rays of low 
abundance.  Sample preparation is a multistep 
process that achieves the following three objectives: 
(1) the destruction of the sample matrix (primarily 
organic material) to reduce alpha- and beta-particle 
self-absorption; (2) the separation and concentration 
of radionuclides of interest to increase resolution and 
sensitivity; and (3) the preparation of the sample in 
a suitable form for counting. Appropriate radioactive 
tracers (i.e., isotopes of the radionuclides of interest 
that are not present in the sample initially, but are 
added to the sample to serve as yield determinants) 
must be selected and added to the sample before a 
radiochemical procedure is initiated. 

For alpha counting, samples are prepared as 
thin-layer (low mass) sources on membrane filters by 
coprecipitation with stable carriers or on metal discs 
by electrodeposition. These sample filters and discs 
are then loaded into gas proportional counters, 
scintillation detectors, or alpha spectrometry systems 
for measurement (see Exhibit 10-3).  In a 
proportional counter, the sample is immersed in a 
counting gas, usually methane and argon, and 
subjected to a high voltage field: alpha emissions 
dissociate the counting gas creating an ionization 
current proportional to the source strength, which is 
then measured by the system electronics.  In a 
scintillation detector, the sample is placed in contact 
with a ZnS phosphor against the window of a 
photomultiplier (PM) tube: alpha particles induce 
flashes of light in the phosphor that are converted to 
an electrical current in the PM tube and measured. 
Using alpha spectrometry, the sample is placed in a 
holder in an evacuated chamber facing a solid-state, 
surface-barrier detector: alpha particles strike the 
detector and cause electrical impulses, which are 
sorted by strength into electronic bins and counted. 
All three systems yield results in counts per minute, 
which are then converted into activity units using 
detector-and radionuclide-specific  calibration 
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values.  Alpha spectrometry is the only system, 
however, that can be used to identify specific alpha-
emitting radionuclides. 

For beta counting, samples are prepared both as 
thin-sources and as solutions mixed with scintillation 
fluid, similar in function to a phosphor. Beta-
emitting sources are counted in gas proportional 
counters at higher voltages than those applied for 
alpha counting or in scintillation detectors using 
phosphors specifically constructed for beta-particle 
detection. Beta-emitters mixed with scintillation fluid 
are counted in 20 ml vials in beta-scintillation 
counters: beta-particle interactions with the fluid 
produce detectable light flashes.  Like alpha 
detectors, beta detectors provide measurements in 
counts per minute, which are converted to activity 
units using calibration factors.  It should be noted, 
however, that few detection systems are available for 
determining the identity of individual beta-emitting 
radionuclides, because beta particles are emitted as 
a continuous spectrum of energy that is difficult to 
characterize and ascribe to any specific nuclide. 

It is advisable to count all samples intact in a 
known geometry on a NaI or Ge(Li) detector system 
prior to radiochemical analysis, because many 
radionuclides that emit gamma rays in sufficient 
abundance and energy can be detected and measured 
by this process.  Even complex gamma-ray spectra 
emitted by multiple radionuclide sources can be 
resolved using Ge(Li) detectors, MCAs, and 
software packages, and specific radionuclide 
concentrations can be determined.  If the sample 
activity is low or if gamma rays are feeble, then more 
rigorous alpha or beta analyses are advised. 

10.3.2	 REVIEWING AVAILABLE SITE 
INFORMATION 

In Chapter 4, reference is made to reviewing the 
site data for chemical contaminants in accordance 
with Stage 1 of the Data Quality Objectives (DQO) 
process (see box on Page 4-4).  This process also 
applies to radionuclides.  For further guidance on the 
applicability of DQOs to radioactively contaminated 
sites, consult EPA's Office of Radiation Programs. 

10.3.3	 ADDRESSING MODELING 
PARAMETER NEEDS 

Exhibits 4-1 and 4-2 describe the elements of a 
conceptual model and the types of information that 
may be obtained during a site sampling investigation. 
These exhibits apply to radioactively contaminated 
sites with only minor modifications. For example, 
additional exposure pathways for direct external 
exposure from immersion in contaminated air or 
water or from contaminated ground surfaces may 
need to be addressed for certain radionuclides; these 
exposure pathways are discussed further in 
subsequent sections.  In addition, several of the 
parameters identified in these exhibits are not as 
important or necessary for radiological surveys. For 
example, the parameters that are related primarily to 
the modeling of organic contaminants, such as the 
lipid content of organisms, are typically not needed 
for radiological assessments. 

10.3.4	 DEFINING BACKGROUND 
RADIATION S AMPLING NEEDS 

As is the case with a chemically contaminated 
site, the background characteristics of a radioactively 
contaminated site must be defined reliably in order 
to distinguish natural background radiation and 
fallout from the onsite sources of radioactive waste. 
With the possible exception of indoor sources of 
Rn-222, it is often possible to make these 
distinctions because the radiation detection 
equipment and analytical techniques used are very 
precise and sensitive. At a chemically contaminated 
site, there can be many potential and 
difficult-to-pinpoint offsite sources for the 
contamination found onsite, confounding the 
interpretation of field measurements.  With a 
radioactively contaminated site, however, this is not 
usually a problem because sources of radionuclides 
are, in general,  easier to isolate and identify.  In fact, 
some radionuclides are so specifically associated 
with particular industries that the presence of a 
certain radioactive contaminant sometimes acts as a 
"fingerprint" to identify its source. Additional 
information on the sources of natural background 
and man-made radiation in the environment may be 
found in the references listed in the box on the next 
page. 
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NATURAL B ACKG ROUND RADIATION 

Tritium in the Environment (NCRP 1979) 

Ionizing Radiation: Sources and Effects 
(UNSCEAR 1982) 

Exposure from the Uranium Series with 
Emphasis on Radon and its Daughters (NCRP 
1984b) 

Carbon-14 in the Environment (NCRP 1985c) 

Environmental Radioactivity (Eisenbud 1987) 

Population Exposure to External Natural 
Radiation Background in the United States 
(EPA 1987a) 

Ionizing Radiation Exposure of the Population 
of the United States (NCRP 1987a) 

Exposure of the Population of the United 
States and Canada from Natural Background 
Radiation (NCRP 1987b) 

10.3.5	 PRELIMINARY IDENTIFICATION 
OF POTENTIAL EXPOSURE 

Identification of environmental media of 
concern, the types of radionuclides expected at a site, 
areas of concern (sampling locations), and potential 
routes of radionuclide transport through the 
environment is an important part of the radiological 
risk assessment process.  Potential media of concern 
include soil, ground water, surface water, air, and 
biota, as discussed in Chapter 4.  Additional 
considerations for radioactively contaminated sites 
are listed below. 

�	 Usually a very limited number of 
radionuclides at a site contribute 
signif icantly to the risk.  During the site 
scoping meeting, it is appropriate to 
consult with a health physicist not only to 
develop a conceptual model of the facility , 
but also to identify the anticipated critical 
radionuclides and pathways. 

�	 In addition to the environmental media 
identified for chemically contaminated 
sites, radioactively contaminated sites 
should be examined for the potential 
presence of external radiation fields. 
Many radionuclides emit both beta and 
gamma radiation, which can create 
significant external exposures. 

�	 There are other components in the 
environment that may or may not be 
critical exposure pathways for the public, 
but that are very useful indicators of the 
extent and type of contamination at a site. 
These components include sediment, 
aquatic plants, and fish, which may 
concentrate and integrate the radionuclide 
contaminants that may be (or have been) 
present in the aquatic environment at a 
site.  Accordingly, though some 
components of the environment may or 
may not be important direct routes of 
exposure to man, they can serve as 
indicators of contamination. 

10.3.6	 DEVELOPING A STRATEGY FOR 
SAMPLE COLLECTION 

The discussions in Chapter 4 regarding sample 
location, size, type, and frequency apply as well to 
radioactively contaminated sites with the following 
additions and qualific ations.  First, the resolution and 
sensitivity of radioanalytical techniques permit 
detection in the environment of most radionuclides 
at levels that are well below those that are considered 
potentially harmful.  Analytical techniques for 
nonradioactive chemicals are usually not this 
sensitive. 

For radionuclides, continuous monitoring of the 
site environment is important, in addition to the 
sampling and monitoring programs described in 
Chapter 4.  Many field devices that measure external 
gamma radiation, such as continuous radon monitors 
and high pressure ionization chambers, provide a real 
time continuous record of radiation exposure levels 
and radionuclide concentrations.  Such devices are 
useful for determining the temporal variation of 
radiation levels at a contaminated site and for 
comparing these results to the variability  observed at 
background locations.  Continuous measure-ments 
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provide an added level of resolution for quantifying 
and characterizing radiological risk. 

Additional factors that affect the frequency of 
sampling for radionuclides, besides those discussed 
in Chapter 4, include the half-lives and the decay 
products of the radionuclides. Radionuclides with 
short half-lives, such as Fe-59 (half-life = 44.5 days), 
have to be sampled more frequently because 
relatively high levels of contamination can be missed 
between longer sampling intervals. The decay 
products of the radionuclides must also be 
considered, because their presence can interfere with 
the detection of the parent nuclides of interest, and 
because they also may be important contributors to 
risks. 

10.3.7	 QUALITY AS SURANCE AND 
QUALITY CONTROL (QA/QC) 
MEASURES 

The QA/QC concepts described in Chapter 4 
also apply to sampling and analysis programs for 
radionuclides, although the procedures differ. 
Guidance regarding sampling and measurement of 
radionuclides and QA/QC protocols for their 
analyses are provided in the publications listed in the 
box on this page. 

The QA/QC protocols used for radionuclide 
analysis were not developed to meet the evidential 
needs of the Superfund program; however, it is likely 
that many of the current radiological QA/QC 
guidance would meet the intent of Superfund 
requirements.  Some areas where radiological 
QA/QC guidance may not meet the intent of 
Superfund are listed below. 

�	 The degree of standardization for 
radiochemical procedures may be less 
rigorous in the QA/QC protocols than that 
required for chemical labs under the 
Contract Laboratory Program (CLP).  In 
radiochemical laboratories, several 
different techniques may be used to 
analyze for a specific radionuclide in a 
given matrix with comparable results.  The 
CLP requires all participating chemical 
laboratories to use standardized 
techniques. 

�	 The required number and type of QC 
blanks are fewer for radionuclide samples. 
For example, a "trip" blank is not 
generally used because radionuclide 
samples are less likely to be contaminated 
from direct exposure to air than are 
samples of volatile organics. 

Limited guidance is available that specifies field 
QA/QC procedures (see the box on this page). These 
and other issues related to QA/QC guidance for 
radiological analyses are discussed further in the 
Section 10.4. 

RADIONUCLIDE M EASUREMENT

QA/QC PROCEDURES


Quality Control for Environmental 
Measurements Using Gamma-Ray 
Spectrometry (EPA 1977b) 

Quality Assurance Monitoring Programs 
(Normal Operation) - Effluent Streams and the 
Environment (NRC 1979) 

Upgrading Environmental Radiation Data 
(EPA 1980) 

Handbook of Analytical Quality Control in 
Radioanalytical Laboratories (EPA 1987b) 

QA Procedures for Health Labs 
Radiochemistry (American Public Health 
Association 1987) 

10.4	 DATA EVALUATION 

Chapter 5 describes the procedures for 
organizing and evaluating data collected during a site 
sampling investigation for use in risk assessment. 
The ten-step process outlined for chemical data 
evaluation is generally applicable to the evaluation of 
radioactive contaminants, although many of the 
details must be modified to accommodate differences 
in sampling and analytical methods. 
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10.4.1	 COMBINING DATA FROM by the DOE Environmental Measurements 
AVAILABLE SITE Laboratory (EML) and the DOE Radiological and 
INVESTIGATIONS Environmental Services Laboratory (RESL). 

Al l available data for the site should be gathered In both cases, these intercomparison programs 
for evaluation and sorted by environmental medium are less comprehensive than the CLP in terms of 
sampled, analytical methods, and sampling periods. facility requirements other than analysis of 
Decisions should be made, using the process performance evaluation samples, such as laboratory 
described in Section 5.1, to combine, evaluate space and procedural requirements, instrumentation, 
individually, or eliminate specific data for use in the training, and quality control.  However, until such 
quantitative risk assessment. time as radiation measurements become fully 

incorporated in the CLP, use of laboratories that 
10.4.2 EVALUATING ANALYTICAL successfully participate in these intercomparison 

METHODS studies may be the best available alternative for 
ensuring high-quality analytical data.  Regardless of 

As with chemical data, radiological data should laboratory accreditation, all analytical results should 
be grouped according to the types of analyses be carefully scrutinized and not accepted at face 
performed to determine which data are appropriate value. 
for use in quantitative risk assessment. Analytical 
methods for measuring radioactive contaminants As discussed in Chapter 5 for chemical 
differ from those for measuring organic and analyses, radioanalytical results that are not specific 
inorganic chemicals. Standard laboratory procedures for a particular radionuclide (e.g., gross alpha, gross 
for radionuclide analyses are presented in references, beta) may have limited usefulness for quantitative 
such as those listed in the box on page 10-12. risk assessment.  They can be useful as a screening 
Analytical methods include alpha, beta, and gamma tool, however.  External gamma exposure rate data, 
spectrometry, liquid scintillation counting, although thought of as a screening measurement, can 
proportional counting, and chemical separation be directly applied as input data for a quantitative 
followed by spectrometry, depending on the specific risk assessment. 
radionuclides of interest. 

10.4.3	 EVALUATING QUANTITATION 
Laboratory accreditation procedures for the LIMITS 

analysis of radionuclides also differ.  Radionuclide 
analyses are not currently conducted as part of the Lower limits of detection (LLDs), or 
Routine Analytical Services (RAS) under the quantitation limits, for standard techniques for most 
Superfund CLP.  However, these analyses may be radionuclide analyses are sufficiently low  to ensure 
included under Special Analytical Services (SAS). the detection of nuclides at activity concentrations 
The EPA Environmental Radioactivity well below levels of concern. There are exceptions, 
Intercomparison Program, coordinated by the however:  some radionuclides with very low specif ic 
Nuclear Radiation Assessment Division of the activities, long half- lives, and/or low-energy decay 
Environmental Monitoring Systems Laboratory in emissions (e.g., I-129, C-14) are difficult to detect 
Las Vegas (EMSL-LV), provides quality assurance precisely using standard techniques. To achieve 
oversight for participating radiation measurement lower LLDs, a laboratory may:  (1) use more 
laboratories (EPA 1989b).  Over 300 federal, state, sensitive measurement techniques and/or chemical 
and private laboratories participate in some phase of extraction procedures;  (2) analyze larger sample 
the program, which includes analyses for a variety of sizes; or (3) increase the counting time of the sample. 
radionuclides in media (e.g., water, air, milk, and A laboratory may also choose to apply all three 
food) with activity concentrations that approximate options to increase detection capabilities.  Exhibit 
levels that may be encountered in the environment. 10-4 presents examples of typical LLDs using 
Similar intercomparison programs for analysis of standard analytical techniques.  The same special 

thermoluminescent dosimeters (TLDs) for external considerations noted for chemical    analyses  
radiation exposure rate measurements are conducted 
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EXHIBIT 10-4 

EXAMPLES OF LOWER LIMITS OF DETECTION (LLD)

FOR SELECTED RADIONUCLIDES USING STANDARD ANALYTIC AL METHODSa


                                                  LLD 
Isotope  Sample Mediab                pCi            Bq                          Methodology 

Co-60 -Water 
-Soil (dry wt.) 
-Biota (wet wt.) c 

-Air d 

10 
0.1 
0.1 
25 

0.4 
0.004 
0.004 
0.9 

Gamma Spectrometry 
Gamma Spectrometry 
Gamma Spectrometry 
Gamma Spectrometry 

Sr-90 -Water 1 0.04 Radiochemistry 

Cs-137 -Water 10 
0.3  

0.4 
0.01  

Gamma Spectrometry 
R  a d i  o  c h e m  i  s  t  r  y  

-Soil (dry wt.) 

-Biota (wet wt.) 

-Air

1 
0.3 
1 
0.3 

 30 

0.04 
0.01 
0.04 
0.01 
1 

Gamma Spectrometry 
Radiochemistry 
Gamma Spectrometry 
Radiochemistry 
Gamma Spectrometry 

Pb-210 -Water 
-Soil (dry wt.) 
-Biota (wet wt.) 
-Air

0.2 
0.2 
0.2 
5 

0.007 
0.007 
0.007 
0.2 

Radiochemistry 
Radiochemistry 
Radiochemistry 
Radiochemistry 

Ra-226 -Water 

-Soil (dry wt.) 
-Biota (wet wt.) 
-Air 

100 
0.1 
0.1 
0.1 
0.1 
1 

4 
0.004 
0.004 
0.004 
0.004 
0.04 

Gamma Spectrometry 
Radiochemistry 
Radon Daughter Emanation 
Radon Daughter Emanation 
Radon Daughter Emanation 
Alpha Spectrometry 

Th-232 -Water 
-Soil (dry wt.) 
-Biota (wet wt.) 
-Air 

0.02 
0.2 
0.02 
0.3 

0.0007 
0.007 
0.0007 
0.01 

Alpha Spectrometry 
Radiochemistry 
Alpha Spectrometry 
Alpha Proportional Counter 

U-234 
U-235 
U-238 

-Water 
-Soil (dry wt.) 
-Biota (wet wt.) 
-Air 

0.02 
0.1 
0.01 
0.2 

0.0007 
0.004 
0.0004 
0.007 

Alpha Spectrometry 
Alpha Spectrometry 
Alpha Spectrometry 
Alpha Spectrometry 

(continued) 
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EXHIBIT 10-4 (continued) 

EXAMPLES OF LOWER LIMITS OF DETECTION (LLD)

FOR SELECTED RADIONUCLIDES USING STANDARD ANALYTIC AL METHODSa


                                                  LLD 
Isotope  Sample Mediab                pCi            Bq                          Methodology 

Pu-238 -Water 0.02 0.0007 Alpha Spectrometry 
Pu-239 -Soil (dry wt.) 0.1 0.004 Alpha Spectrometry 
Pu-240 -Biota (wet wt.) 0.01 0.0004 Alpha Spectrometry 

-Air 0.2 0.007 Alpha Spectrometry 

a Source:  U.S. Environmental Protection Agency Eastern Environmental Radiation Facility (EPA-EERF), Department of Energy Environmental 
Measurements Laboratory (DOE-EML), and commercial laboratories.  Note that LLDs are radionuclide-, media-, sample size-, and laboratory-
specific: higher and lower LLDs than those reported above are possible.  The risk assessor should request and report the LLDs supplied by 
the laboratory performing the analyses. 

b Nominal sample sizes:  water (1 liter), soil  (1 kg dry wt.), biota (1 kg wet wt.), and air (1 filter sample). 

Biota includes vegetation, fish, and meat. 

d 3Air refers to a sample of 300 m of air collected on a filter, which is analyzed for the radionuclide of interest. 
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would   also  apply   for  radionuclides that are not laboratory conducting the analysis and data 
detected in any samples from a particular medium, validation qualifiers assigned by personnel involved 
but are suspected to be present at a site. In these in data validation. These qualifie rs pertain to 
cases, three options may be applied: (1) re-analyze QA/QC problems and generally indicate questions 
the sample using more sensitive methods; (2) use the concerning chemical identity, chemical 
LLD value as a "proxy" concentration to evaluate the concentration, or both. No corresponding system of 
potential risks at the detection limit; or (3) evaluate qualifie rs has been developed for radioanalytical 
the possible risk implication of the radionuclide data, although certain of the CLP data qualifiers 
qualitatively. An experienced health physicist might be adopted for use in reporting radioanalytical 
should decide which of these three options would be data. The health physicist should define and 
most appropriate. evaluate any qualifie rs attached to data for 

radionuclide analyses. Based on the discussions in 
When multiple radionuclides are present in a Chapter 5, the references on methods listed above, 

sample, various interferences can occur that may and professional judgment, the health physicist 
reduce the analytical sensitivity for a particular should eliminate inappropriate data from use in the 
radionuclide.  Also, in some areas of high risk assessment. 
background radioactivity from naturally occurring 
radionuclides, it may be difficult to differentiate 10.4.5 COMPARING CONCENTRATIONS 
background contributions from incremental site DETECTED IN BLANKS WITH 
contamination. It may be possible to eliminate such CONCENTRATIONS DETECTED 
interferences by radiochemical separation or special IN SAMPLES 
instrumental techniques. 

The analysis of blank samples (e.g., laboratory 
A sample with activity that is nondetectable or reagent blanks, field blanks, calibration blanks) is 

should be reported as less than the appropriate an important component of a proper radioanalytical 
sample and radionuclide-specific LLD value. program.  Analysis of blanks provides a measure of 
However, particular caution should be exercised contamination introduced into a sample during 
when applying this approach to radionuclides that sampling or analysis activities. 
are difficult to measure and possess unusually high 
detection limits, as discussed previously.  In most The CLP provides guidance for inorganic and 
cases where a potentially important radionuclide organic chemicals that are not common laboratory 
contaminant is suspected, but not detected, in a contaminants.  According to this guidance, if a blank 
sample, the sample should be reanalyzed using more contains detectable levels of any uncommon 
rigorous radiochemical procedures and more laboratory chemical, site sample results should be 
sophisticated detection techniques. considered positive only if the measured 

concentration in the sample exceeds five times the 
If radionuclide sample data for a site are maximum amount detected in any blank.  Samples 

reported without sample-specific radionuclide containing less than five times the blank 
quantitation limits, the laboratory conducting the concentration should be classified as nondetects, and 
analyses should be contacted to determine the the maximum blank-related concentration should be 
appropriate LLD values for the analytical techniques specified as the quantitation limit  for that chemical 
and sample media. in the sample.  Though they are not considered to be 

common laboratory contaminants,  radionuclides 
10.4.4 EVALUATING QUALIFIED AND should not be classified as nondetects using  the 

CODED DATA above CLP guidance.  Instead, the health physicist 
should evaluate all active sample preparation and 

Various data qualifiers and codes may be analytical procedures for possible sources of 
attached to problem data from inorganic and organic contamination. 
chemical analyses conducted under the CLP as 
shown in Exhibits 5-4 and 5-5.  These include 
laboratory  qualifiers  assigned  by  the 
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10.4.6	 EVALUATING TENTATIVELY 10.4.8 DEVELOPING A SET OF 
IDENTIFIED RADIONUCLIDES RADIONUCLIDE DATA AND 

INFORMATION FOR US E IN A 
Because radionuclides are not included on the RISK ASSESSMENT 

Target Compound List (TCL), they may be classified 
as tentatively identified compounds (TICs) under The process described in Section 5.8 for 
CLP protocols. In reality, however, radioanalytical selection of chemical data for inclusion in the 
techniques are sufficiently sensitive that the identity quantitative risk assessment generally applies for 
and quantity of radionuclides of potential concern at radionuclides as well.  One exception is the lack of 
a site can be determined with a high degree of CLP qualifiers for radionuclides, as discussed 
confidence.  In some cases, spectral or matrix previously. Radionuclides of concern should include 
interferences may introduce uncertainties, but these those that are positively detected in at least one 
problems usually can be overcome using special sample in a given medium, at levels significantly 
radiochemical and/or instrumental methods. In cases above levels detected in blank samples and 
where a radionuclide's identity is not sufficiently significantly above local background levels. As 
well-defined by the available data set:  (1) further discussed previously, the decision to include 
analyses may be performed using more sensitive radionuclides not detected in samples from any 
methods, or (2) the tentatively identified medium but suspected at the site based on historical 
radionuclide may be included in the risk assessment information should be made by a qualified health 
as a contaminant of potential concern with notation physicist. 
of the uncertainty in its identity and concentration. 

10.4.9	 GROUPING RADIONUCLIDES  BY 
10.4.7	 COMPARING SAMPLES WITH CLASS 

BACKGROUND 
Grouping radionuclides for consideration in the 

It is imperative to select, collect, and analyze an quantitative risk assessment is generally unnecessary 
appropriate number of background samples to be and inappropriate. Radiation dose and resulting 
able to  distinguish between onsite sources of health risk is highly dependent on the specific 
radionuclide contaminants from radionuclides properties of each radionuclide.  In some cases, 
expected normally in the environment. Background however, it may be acceptable to group different 
measurements of direct radiation and radionuclide radioisotopes of the same element that have similar 
concentrations in all media of concern should be radiological characteristics (e.g., Pu-238/239/240, 
determined at sampling locations geologically U-235/238) or belong to the same decay series. Such 
similar to the site, but beyond the influence of the groupings should be determined very selectively and 
site. Screening measurements (e.g., gross alpha, seldom offer any significant advantage. 
beta, and gamma) should be used to determine 
whether more sensitive radionuclide-specific 10.4.10 FURTHER REDUCTION IN THE 
analyses are warranted. Professional judgment NUMBER OF RADIONUCLIDES 
should be used by the health physicist to select 
appropriate background sampling locations and For sites with a large number of radionuclides 
analytical techniques. The health physicist should detected in samples from one or more media, the risk 
also determine which naturally occurring assessment should focus on a select group of 
radionuclides (e.g., uranium, radium, or thorium) radionuclides that dominate the radiation dose and 
detected onsite should be eliminated from the health risk to the critical receptors.  For example, 
quantitative risk assessment.  All man-made when considering transport through ground water to 
radionuclides detected in samples collected should, distant receptors, transit times may be very long; 
however, be retained for further consideration. consequently, only radionuclides with long half-lives 

or radioactive progeny that are formed during 
transport	 may be of concern for that exposure 
pathway.	  For direct external exposures, high-energy 
gamma emitters are of principal concern, whereas 
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alpha-emitters may dominate doses from the 
inhalation and ingestion pathways. The important 
radionuclides may differ for each exposure pathway 
and must be determined on their relative 
concentrations, half-lives, environmental mobility, 
and dose conversion factors (see Section 10.5 for 
discussion of dose conversion factors) for each 
exposure pathway of interest. 

The total activity inventory and individual 
concentrations of radionuclides at a Superfund site 
will change with time as some nuclides decay away 
and others "grow in" as a result of radioactive decay 
processes. Consequently, it may be important to 
evaluate different time scales in the risk assessment. 
For example, at a site where Ra-226 (half-life = 1600 
years) is the only contaminant of concern in soil at 
some initial time, the Pb-210 (half-life = 22.3 years) 
and Po-210 (half-life = 138 days) progeny will also 
become dominant contributors to the activity onsite 
over a period of several hundred years. 

10.4.11	 SUMMARIZ ING AND 
PRESENTING DATA 

Presentation of results of the data collection and 
evaluation process will be generally the same for 
radionuclides and chemical contaminants. The 
sample table formats presented in Exhibits 5-6 and 
5-7 are equally applicable to radionuclide data, 
except that direct radiation measurement data should 
be added, if appropriate for the radionuclides and 
exposure pathways identif ied at the site. 

10.5	 EXPOSURE AND DOSE 
ASSESSMENT 

This section describes a methodology for 
estimating the radiation dose equivalent to humans 
from potential exposures to radionuclides through all 
pertinent exposure pathways at a remedial site. 
These estimates of dose equivalent may be used for 
comparison with radiation protection standards and 
criteria.  However, this methodology has been 
developed for regulation of occupational radiation 
exposures for adults and is not completely applicable 
for estimating health risk to the general population. 
Section 10.7.2, therefore, describes a separate 
methodology for estimating health risk. 

Chapter 6 describes the procedures for 
conducting an exposure assessment for chemical 
contaminants as part of the baseline risk assessment 
for Superfund sites.  Though many aspects of the 
discussion apply to radionuclides, the term 
"exposure" is used in a fundamentally different way 
for radionuclides as compared to chemicals. For 
chemicals, exposure generally refers to the intake 
(e.g., inhalation, ingestion, dermal exposure) of the 
toxic chemical, expressed in units of mg/kg-day. 
These units are convenient because the toxicity 
values for chemicals are generally expressed in these 
terms.  For example, the toxicity value used to assess 
carcinogenic effects is the slope factor, expressed in 
units of risk of lifetime excess cancers per 
mg/kg-day. As a result, the product of the intake 
estimate with the slope factor yields the risk of 
cancer (with proper adjustments made for 
absorption, if necessary). 

Intakes by inhalation, ingestion, and absorption 
are also potentially important exposure pathways for 
radionuclides, although radionuclide intake is 
typically expressed in units of activity (i.e., Bq or Ci) 
rather than mass.  Radionuclides that enter through 
these internal exposure pathways may become 
systemically incorporated and emit alpha, beta, or 
gamma radiation within tissues or organs.  Unlike 
chemical assessments, an exposure assessment for 
radioactive contaminants can include an explicit 
estimation of the radiation dose equivalent.  As 
discussed previously in Section 10.1, the dose 
equivalent is an expression that takes into 
consideration both the amount of energy deposited in 
a unit mass of a specific organ or tissue as a result of 
the radioactive decay of a specific radionuclide, as 
well as the relative biological effectiveness of the 
radiations emitted by that nuclide.  (Note that the 
term dose has a different meaning for radionuclides 
[dose = energy imparted to a unit mass of tissue] 
than that used in Chapter 6 for chemicals [dose, or 
absorbed dose = mass penetrating into an organism].) 

Unlike chemicals, radionuclides can have 
deleterious effects on humans without being taken 
into or brought in contact with the body.  This is 
because high energy beta particles and photons from 
radionuclides in contaminated air, water, or soil can 
travel long distances with only minimum attenuation 
in these media before depositing their energy in 
human tissues.  External radiation exposures can 



Page 10-23 

result from either exposure to radionuclides at the 
site area or to radionuclides that have been 
transported from the site to other locations in the 
environment. Gamma and x-rays are the most 
penetrating of the emitted radiations, and comprise 
the primary contribution to the radiation dose from 
external exposures.  Alpha particles are not 
suffi ciently energetic to penetrate the outer layer of 
skin and do not contribute significantly to the 
external dose.  External exposure to beta particles 
primarily imparts a dose to the outer layer skin cells, 
although high-energy beta radiation can penetrate 
into the human body. 

The quantification of  the amount of energy 
deposited in living tissue due to internal and external 
exposures to radiation is termed radiation dosimetry. 
The amount of energy deposited in living tissue is of 
concern because the potential adverse effects of 
radiation are proportional to energy deposition. The 
energy deposited in tissues is proportional to the 
decay rate of a radionuclide, and not its mass. 
Therefore, radionuclide quantities and 
concentrations are expressed in units of activity (e.g., 
Bq or Ci), rather than in units of mass. 

Despite the fundamental difference between the 
way exposures are expressed for radionuclides and 
chemicals, the approach to exposure assessment 
presented in Chapter 6 for chemical contaminants 
largely applies to radionuclide contaminants. 
Specifically, the three steps of an exposure 
assessment for chemicals also apply to radionuclides: 
(1) characterization of the exposure setting; (2) 
identification of the exposure pathways; and (3) 
quantification of exposure.  However, some of the 
methods by which these three steps are carried out 
are different for radionuclides. 

10.5.1	 CHARACTERIZ ING THE 
EXPOSURE SETTING 

Initial characterization of the exposure setting 
for radioactively contaminated sites is virtually 
identical to that described in Chapter 6. One 
additional consideration is that, at sites suspected of 
having radionuclide contamination, a survey should 
be conducted to determine external radiation fields 
using any one of a number of field survey 
instruments (preferably, G-M tubes and NaI(Tl) field 
detectors) (see Exhibit 10-2).  Health and safety 

plans should be implemented to reduce the 
possibility of radiation exposures that are in excess 
of allowable limits. 

REFERENCES ON EXPOSURE 
ASSESSMENT FOR RADIONUCLIDES 

Calculation of Annual Doses to Man from 
Routine Releases of Reactor Effluents (NRC 
1977) 

Radiological Assessment: A Textbook on 
Environmental Dose Analysis (Till and Meyer 
1983) 

Models and Parameters for Environmental 
Radiological Assessments (Miller 1984) 

Radiological Assessment: Predicting the 
Transport, Bioaccumulation, and Uptake by 
Man of Radionuclides Released to the 
Environment (NCRP 1984a) 

Background Information Document, Draft EIS 
for Proposed NESHAPS for Radionuclides, 
Volume I, Risk Assessment Methodology (EPA 
1989a) 

Screening Techniques for Determining 
Compliance with Environmental Standards 
(NCRP 1989) 

10.5.2	 IDENTIFYING EXPOS URE 
PATHWAYS 

The identification of exposure pathways for 
radioactively contaminated sites is very similar to 
that described in Chapter 6 for chemically 
contaminated sites, with the following additional 
guidance. 

�	 In addition to the various ingestion, 
inhalation, and direct contact pathways 
described in Chapter 6, external exposure 
to penetrating radiation should also be 
considered. Potential external exposure 
pathways to be considered include 
immersion in contaminated air, immersion 
in contaminated water, and radiation 
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exposure from ground surfaces models have been developed specifically 
contaminated with beta- and photon- for evaluating the transport of 
emitting radionuclides. radionuclides in the environment and 

predicting the doses and risks to exposed 
� As with nonradioactive chemicals, individuals.  In general, models developed 

environmentally dispersed radionuclides specifically for radiological assessments 
are subject to the same chemical processes should be used. Such models include, for 
that may accelerate or retard their transfer example, explicit consideration of 
rates and may increase or decrease their radioactive decay and ingrowth of 
bioaccumulation potentials. These radioactive decay products.  (Contact ORP 
transformation processes must be taken for additional guidance on the fate and 
into consideration during the exposure transport models recommended by EPA.) 
assessment. 

10.5.3 QUANTIFYING EXPOS URE: 
� Radionuclides undergo radioactive decay GENERAL CONSIDERATIONS 

that, in some respects, is similar to the 
chemical or biological degradation of One of the primary objectives of an exposure 
organic compounds. Both processes assessment is to make a reasonable estimate of the 
reduce the quantity of the hazardous maximum exposure to individuals and critical 
substance in the environment and produce population groups.  The equation presented in 
other substances. (Note, however, that Exhibit 6-9 to calculate intake for chemicals  may be 
biological and chemical transformations considered to be applicable to exposure assessment 
can never alter, i.e., either increase or for radionuclides, except that the body weight and 
decrease, the radioactivity of a averaging time terms in the denominator should be 
radionuclide.) Radioactive decay products omitted.  However, as discussed previously, 
can also contribute signif icantly to the exposures to radionuclides include both internal and 
radiation exposure and must be considered external exposure pathways.  In addition, radiation 
in the assessment. exposure assessments do not end with the calculation 

of intake,  but take the calculation an additional step 
� Chapter 6 presents a series of equations in order to estimate radiation dose equivalent. 

(Exhibits 6-11 through 6-19) for 
quantification of chemical exposures. The radiation dose equivalent to specified 
These equations and suggested default organs and the effective dose equivalent due to 
variable values may be used to estimate intakes of  radionuclides by inhalation or ingestion 
radionuclide intakes as a first are estimated by multiplying the amount of each 
approximation, if the equations are radionuclide inhaled or ingested times appropriate 
modified by deleting the body weight and dose conversion factors (DCFs), which represent the 
averaging time from the denominator. dose equivalent per unit intake.  As noted previously, 
However, depending upon the the effective dose equivalent is a weighted sum of 
characteristics of the radionuclides of the dose equivalents to all irradiated organs and 
concern, consideration of radioactive tissues, and represents a measure of the overall 
decay and ingrowth of radioactive decay detriment. Federal Guidance Report No. 11 (EPA 
products may be important additions, as 1988) provides DCFs for each of over 700 
well as the external exposure pathways. radionuclides for both inhalation and ingestion 

exposures.  It is important to note, however, that 
� Chapter 6 also refers to a number of these DCFs were developed for regulation of 

computer models that are used to predict occupational exposures to radiation and may not be 
the behavior and fate of chemicals in the appropriate for the general population. 
environment.  While those models may be 
suitable for evaluations of radioactive Radionuclide intake by inhalation and ingestion 
contaminants in some cases, numerous is calculated in the same manner as chemical intake 
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except that it is not divided  by body weight or detonations. Consequently, the exposure and risk 
averaging time. For radionuclides, a reference body assessment guidance for radionuclides presented in 
weight is  already incorporated into the DCFs, and this chapter is limited to situations causing chronic 
the dose is an expression of energy deposited per exposures to low levels of radioactive contaminants. 
gram of tissue. 

10.5.4 QUANTIFYING EXPOS URE: 
If intake of a radionuclide is defined for a DETERMINING EXPOSURE POINT 

specific time period (e.g., Bq/year), the dose CONCENTRATIONS 
equivalent will be expressed in corresponding terms 
(e.g., Sv/year). Because systemically incorporated The preferred method for estimating the 
radionuclides can remain within the body for long concentration of chemical or radioactive 
periods of time, internal dose is best expressed in contaminants at those places where members of the 
terms of the committed effective dose equivalent, public may come into contact with them is by direct 
which is equal to the effective dose equivalent over measurement. However, this will not be possible in 
the 50-year period following intake. many circumstances and it may be necessary, 

therefore, to use environmental fate and transport 
External exposures may be determined by models to predict contaminant concentrations. Such 

monitoring and sampling of the radionuclide modeling would be necessary, for example:  (1) 
concentrations in environmental media, direct when it is not possible to obtain representative 
measurement of radiation fields using portable samples for all radionuclides of concern;  (2) when 
instrumentation, or by mathematical modeling. the  contaminant has not yet reached the potential 
Portable survey instruments that have been properly exposure points; and (3) when the contaminants are 
calibrated can display dose rates (e.g., Sv/hr), and below the limits of detection but, if present, can still 
dose equivalents can be estimated by multiplying by represent a significant risk to the public. 
the duration of exposure to the radiation field. 
Alternatively, measured or predicted concentrations Numerous fate and transport models have been 
in environmental media may be multiplied by DCFs, developed to estimate contaminant concentrations in 
which relate radionuclide concentrations on the ground water, soil, air, surface water, sediments, and 
ground, in air, or in water to external dose rates (e.g., food chains.  Models developed for chemical 
Sv/hr per Bq/m2  for ground contamination or Sv/hr contaminants, such as those discussed in Chapter 6, 

3per Bq/m  for air or water immersion). may also be applied to radionuclides with allowance 
for radioactive decay and ingrowth of decay 

The dose equivalents associated with external products.  There are also a number of models that 
and internal exposures are expressed in identical have been developed specifically for radionuclides. 
units (e.g., Sv), so that contributions from all These models are similar to the models used for 
pathways can be summed to estimate the total toxic chemicals but have features that make them 
effective dose equivalent value and prioritize risk convenient to use for radionuclide pathway analysis, 
from different sources. such as explicit consideration of radioactive decay 

and daughter ingrowth.  Available models for use in 
In general, radiation exposure assessments need radiation risk assessments range in complexity from 

not consider acute toxicity effects. Acute exposures a series of hand calculations to major computer 
are of less concern for radionuclides than for codes.  For example, NRC Regulatory Guide 1.109 
chemicals because the quantities of radionuclides presents a methodology that may be used to 
required to cause adverse effects from acute manually estimate dose equivalents from a variety of 
exposure are extremely large and such levels are not exposure pathways (NRC 1977).  Examples of 
normally encountered at Superfund sites.  Toxic computerized radiological assessment models 
effects from acute radiation exposures are possible include the AIRDOS-EPA code and the 
when  humans are exposed to the radiation from EPA-PRESTO family of codes, which are used 
large amounts of radioactive materials released extensively by EPA to estimate exposures and doses 
during a major nuclear plant accident, such as to populations following atmospheric releases of 
Chernobyl, or during above-ground weapons radionuclides and releases from a low-level waste 
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disposal facility , respectively.  Guidance on selection 
and use of the various models can be obtained from 
the EPA Office of Radiation Programs. 

Exhibit 6-10, Example of Table Format for 
Summarizing Exposure Concentrations, may be used 
for radionuclide contaminants, except that 
radionuclide concentrations are expressed in terms of 
activity per unit mass or volume of the 
environmental medium (e.g., Bq/kg, Bq/L) rather 
than mass. 

10.5.5	 QUANTIFYING EXPOS URE: 
ESTIMATING INTAKE AND DOS E 
EQUIVALENT 

Section 6.6 presents a description of the 
methods used to estimate intake rates of 
contaminants from the various exposure pathways. 
Exhibits 6-11 to 6-19 present the equations and input 
assumptions recommended for use in intake 
calculations. In concept, those equations and 
assumptions also apply generally to radionuclides, 
except that the body weight and averaging time terms 
in the denominators should be omitted.  However, as 
discussed previously, the product of these 
calculations for radionuclides is an estimate of the 
radionuclide intake, expressed in units of activity 
(e.g., Bq), as opposed to mg/kg-day.  In addition, the 
endpoint of a radiation exposure assessment is 
radiation dose, which is calculated using DCFs as 
explained below.  As explained previously, dose 
equivalents calculated in the following manner 
should be used to compare with radiation protection 
standards and criteria, not to estimate risk. 

Internal Exposure. Exhibits 6-11, 6-12, 6-14, 
6-17, 6-18, and 6-19 present simplified models for 
the ingestion of water, food, and  soil as pathways 
for the intake of environmental contaminants.  The 
recommended assumptions for ingestion rates and 
exposure durations are applicable to radionuclide 
exposures and may be used to estimate the intake 
rates of radionuclides by these pathways. As noted 
previously, however, these intake estimates for 
radionuclides should not be divided by the body 
weight or averaging time.  These intake rates must be 
multiplied by appropriate DCF values in order to 
obtain committed effective dose equivalent values. 
The more rigorous and complex radionuclide 
pathway models noted previously typically require 

much more extensive input data and may include 
default parameter values that differ somewhat from 
the values recommended in these exhibits. 

Exhibit 6-16 presents the equation and 
assumptions used to estimate the contaminant intake 
from air.  For radionuclides, the dose from inhalation 
of contaminated air is determined as the product of 

3the radionuclide concentration in air (Bq/m ), the 
breathing rate (m3 per day or year), exposure 
duration (day or year), and the inhalation DCF (Sv 
per Bq inhaled). The result of this calculation is the 
committed effective dose equivalent, in units of Sv. 

Chapter 6 points out that dermal absorption of 
airborne chemicals is not an important route of 
uptake. This point is also true for most 
radionuclides, except airborne tritiated water vapor, 
which is efficiently taken into the body through 
dermal absorption.  In order to account for this route 
of uptake, the inhalation DCF for tritium includes an 
adjustment factor to account for dermal absorption. 

External Exposure.  Immersion in air 
containing certain beta-emitting and/or 
photon-emitting radioactive contaminants can also 
result in external exposures.  Effective dose 
equivalents from external exposure are calculated as 
the product of the airborne radionuclide 

3concentration (Bq/m ), the external DCF for air
3immersion (Sv/hr per Bq/m ), and the duration of

exposure (hours). 

Exhibits 6-13 and 6-15 illustrate the dermal 
uptake of contaminants resulting from immersion in 
water or contact with soil.  This route of uptake can 
be important for many organic chemicals; however, 
dermal uptake is generally not an important route of 
uptake for radionuclides, which have small dermal 
permeability constants. External radiation exposure 
due to submersion in water contaminated with 
radionuclides is possible and is similar to external 
exposure due to immersion in air. However, because 
of the  shielding effects of water and the generally 
short durations of such exposures, immersion in 
water is typically of lesser significance.  The product 

3of the radionuclide concentration in water (Bq/m ), 
3the relevant DCF (Sv/hr per Bq/m ), and the duration 

of exposure (hours) yields effective dose equivalent. 
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The third external exposure pathway of 
potential significance is irradiation from 
radionuclides deposited on the ground surface. 
Effective dose equivalents resulting from this 
pathway may be estimated as the product of the soil 

2surface concentration (Bq/m ) of photon-emitting 
radionuclides of concern, the external DCF for 

2ground surface exposure (Sv/hr per Bq/m ), and the 
duration of exposure (hours). 

10.5.6	 COMBINING INTAKES  AND 
DOSES ACROSS PATHWAYS 

The calculations described previously result in 
estimates of committed effective dose equivalents 
(Sv) from individual radionuclides via a large 
number of possible exposure pathways.  Because a 
given population may be subject to multiple 
exposure pathways, the results of the exposure 
assessment should be organized by grouping all 
applicable exposure pathways for each exposed 
population.  Risks from various exposure pathways 
and contaminants then can be integrated during the 
risk characterization step (see Section 10.7). 

10.5.7	 EVALUATING UNCERTAINTY 

The radiation exposure assessment should 
include a discussion of uncertainty, that, at a 
minimum, should include:  (1) a tabular summary of 
the values used to estimate exposures and doses and 
the range of these values; and (2) a summary of the 
major assumptions of the exposure assessment, 
including the uncertainty associated with each 
assumption and how it might affect the exposure and 
dose estimates.  Sources of uncertainty that must be 
addressed include:  (1) how well the monitoring data 
represent actual site conditions; (2) the exposure 
models, assumptions, and input variables used to 
estimate exposure point concentrations; and (3) the 
values of the variables used to estimate intakes and 
external exposures. More comprehensive 
discussions of uncertainty associated with 
radiological risk assessment are provided in the 
Background Information Document for the Draft EIS 
for Proposed NESHAPS for Radionuclides (EPA 
1989a), Radiological Assessment (Till and Meyer 
1983), and NCRP Report No. 76 (NCRP 1984a). 

10.5.8	 SUMMARIZ ING AND 
PRESENTING EXPOSURE 
ASSESSMENT RESULTS 

Exhibit 6-22 presents a sample format for 
summarizing the results of the exposure assessment. 
The format may also  be used for radionuclide 
contaminants except that the entries should be 
specified as committed effective dose equivalents 
(Sv) and the annual estimated intakes (Bq) for each 
radionuclide of concern.  The intakes and dose 
estimates should be tabulated for each exposure 
pathway so that the most important radionuclides 
and pathways contributing to the total health risk 
may be identified. 

The information should be organized by 
exposure pathway, population exposed, and current 
and future use assumptions. For radionuclides, 
however, it may not be necessary to summarize 
short-term and long-term exposures separately as 
specified for chemical contaminants. 

10.6	 TOXICITY ASSESSMENT 

Chapter 7 describes the two-step process 
employed to assess the potential toxicity of a given 
chemical contaminant.  The first step, hazard 
identification, is used to determine whether 
exposure to a contaminant can increase the incidence 
of an adverse health effect.  The second step, 
dose-response assessment, is used to quantitatively 
evaluate the toxicity information and characterize the 
relationship between the dose of the contaminant 
administered or received and the incidence of 
adverse health effects in the exposed population. 

There are certain fundamental differences 
between radionuclides and chemicals that somewhat 
simplify toxicity assessment for radionuclides. As 
discussed in the previous sections, the adverse 
effects of exposure to radiation are due to the energy 
deposited in sensitive tissue, which is referred to as 
the radiation dose.  In theory, any dose of radiation 
has the potential to produce an adverse effect. 
Accordingly, exposure to any radioactive substances 
is, by definition, hazardous. 

Dose-response assessment for radionuclides is 
also more straightforward.  The type of effects and 



Page 10-28 

the likelihood of occurrence of any one of a number 
of possible adverse effects from radiation exposure 
depends on the radiation dose.  The relationship 
between dose and effect is relatively well 
characterized (at high doses) for most  types of 
radiations.  As a result, the toxicity assessment, 
within the context that it is used in this manual,  need 
not be explicitly addressed in detail for individual 
radionuclides at each contaminated site. 

The sections that follow provide a brief 
summary  of the human and experimental animal 
studies that establish the hazard and dose-response 
relationship for radiation exposure.  More detailed 
discussions of radiation toxicity are provided in 
publications of the National Academy of Sciences 
Committee on Biological Effects of Ionizing 
Radiation (BEIR), the United Nations Scientific 
Committee on Effects of Atomic Radiation 
(UNSCEAR), NRC, NCRP, and ICRP listed in the 
box on this page. 

10.6.1 HAZARD IDENTIFICATION 

The principal adverse biological effects 
associated with ionizing radiation exposures from 
radioactive substances in the environment are 
carcinogenicity, mutagenicity, and teratogenicity. 
Carcinogenicity is the ability to produce cancer. 
Mutagenicity is the property of being able to induce 
genetic mutation, which may be in the nucleus of 
either somatic (body) or germ (reproductive) cells. 
Mutations in germ cells lead to genetic or inherited 
defects.  Teratogenicity refers to the ability  of an 
agent to induce or increase the incidence of 
congenital malformations as a result of permanent 
structural or functional deviations produced during 
the growth and development of an embryo (more 
commonly referred to as birth defects). Radiation 
may induce other deleterious effects at acute doses 
above about 1 Sv, but doses of this magnitude are 
not normally associated with radioactive 
contamination in the environment. 

As discussed in Section 10.1, ionizing radiation 
causes injury by breaking molecules into electrically 
charged fragments (i.e., free radicals), thereby 
producing chemical rearrangements that may lead to 
permanent cellular damage.  The degree of biolog-
-ical damage caused by various types of radiation 
varies according to how spatially close together the
 ionizations occur.  Some ionizing radiations (e.g. 

REFERENCES ON HEALTH EFFECTS

OF RADIATION EXPOSURE


Recommendations of the ICRP (ICRP 1977) 

Limits for Intake of Radionuclides by Workers 
(ICRP 1979) 

Influence of Dose and Its Distribution in Time 
on Dose-Response Relationships for Low-LET 
Radiations (NCRP 1980) 

The Effects on Populations of Exposure to Low 
Levels of Ionizing Radiation (NAS 1980) 

Induction of Thyroid Cancer by Ionizing 
Radiation (NCRP 1985b) 

Lung Cancer Risk from Indoor Exposures to 
Radon Daughters (ICRP 1987) 

Health Risks of Radon and Other Internally 
Deposited Alpha-Emitters (National Academy 
of Sciences 1988) 

Ionizing Radiation:  Sources, Effects, and 
Risks (UNSCEAR 1988) 

, alpha particles) produce high density regions of Health Effects Models for Nuclear Power 
Plant Accident Consequence Analysis:  Low-ionization. For this reason, they are called high-LET 
LET Radiation (NRC 1989) (linear energy transfer) particles.  Other types of 

radiation (e.g., x-rays, gamma rays, and beta 

particles) are called low-LET radiations because of 
the low density pattern of ionization they produce. 
In equal doses, the carcinogenicity and mutagenicity 
of high-LET radiations may be an order of 
magnitude or more greater than those of low-LET 
radiations, depending on the endpoint being 
evaluated. The variability  in biological effectiveness 
is accounted for by the quality factor used to 
calculate the dose equivalent (see Section 10.1). 

Carcinogenesis. An extensive body of 
literature exists on radiation carcinogenesis in man 
and animals.  This literature has been reviewed most 
recently by the United Nations Scientific Committee 
on the Effects of Atomic Radiation (UNSCEAR) and 
the National Academy of Sciences Advisory 
Committee on the Biological Effects of Ionizing 
Radiations (NAS-BEIR Committee) (UNSCEAR 
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1977, 1982, 1988; NAS 1972, 1980, 1988). 
Estimates of the average risk of fatal cancer from 
low-LET radiation from these studies range from 
approximately 0.007 to 0.07 fatal cancers per sievert. 

An increase in cancer incidence or mortality 
with increasing radiation dose has been 
demonstrated for many types of cancer in both 
human populations and laboratory animals 
(UNSCEAR 1982, 1988; NAS 1980, 1988).  Studies 
of humans exposed to internal or external sources of 
ionizing radiation have shown that the incidence of 
cancer increases with increased radiation exposure. 
This increased incidence, however, is usually 
associated with appreciably greater doses and 
exposure frequencies than those encountered in the 
environment.  Therefore, risk estimates from small 
doses obtained over long periods of time are 
determined by extrapolating the effects observed at 
high, acute doses.  Malignant tumors in various 
organs most often appear long after the radiation 
exposure, usually 10 to 35 years later (NAS 1980, 
1988; UNSCEAR 1982, 1988).  Radionuclide 
metabolism can result in the selective deposition of 
certain radionuclides in specific organs or tissues, 
which, in turn, can result in larger radiation doses 
and higher-than-normal cancer risk in these organs. 

Ionizing radiation can be considered 
pancarcinogenic, i.e., it acts as a complete 
carcinogen in that it serves as both initiator and 
promoter, and it can induce cancers in nearly any 
tissue or organ.  Radiation-induced cancers in 
humans have been reported in the thyroid, female 
breast, lung, bone marrow (leukemia), stomach, 
liver, large intestine, brain, salivary glands, bone, 
esophagus, small intestine, urinary bladder, pancreas, 
rectum, lymphatic tissues, skin, pharynx, uterus, 
ovary, mucosa of cranial sinuses, and kidney 
(UNSCEAR 1977, 1982, 1988; NAS 1972, 1980, 
1988).  These data are taken primarily from studies 
of human populations exposed to high levels of 
radiation, including atomic bomb survivors, 
underground miners, radium dial painters, patients 
injected with thorotrast or radium, and patients who 
received high x-ray doses during various treatment 
programs. Extrapolation of these data to much lower 
doses is the major source of uncertainty in 
determining low-level radiation risks (see EPA 
1989a). It is assumed that no lower threshold exists 
for radiation carcinogenesis. 

On average, approximately 50 percent of all of 
the cancers induced by radiation are lethal. The 
fraction of fatal cancers is different for each type of 
cancer, ranging from about 10 percent in the case of 
thyroid cancer to 100 percent in the case of liver 
cancer (NAS 1980, 1988). Females have 
approximately 2 times as many total cancers as fatal 
cancers following radiation exposure, and males 
have approximately 1.5 times as many (NAS 1980). 

Mutagenesis.  Very few quantitative data are 
available on radiogenic mutations in humans, 
particularly from low-dose exposures.  Some 
mutations are so mild they are not noticeable, while 
other mutagenic effects that do occur are similar to 
nonmutagenic effects and are therefore not 
necessarily recorded as mutations.  The bulk of data 
supporting the mutagenic character of ionizing 
radiation comes from extensive studies of 
experimental animals (UNSCEAR 1977, 1982, 1988; 
NAS 1972, 1980, 1988).  These studies have 
demonstrated all forms of radiation mutagenesis, 
including lethal mutations, translocations, inversions, 
nondisjunction, and point mutations. Mutation rates 
calculated from these studies are extrapolated to 
humans and form the basis for estimating the genetic 
impact of ionizing radiation on humans (NAS 1980, 
1988; UNSCEAR 1982, 1988).  The vast majority of 
the demonstrated mutations in human germ cells 
contribute to both increased mortality and illness 
(NAS 1980; UNSCEAR 1982).  Moreover, the 
radiation protection community is generally in 
agreement that the probability of inducing genetic 
changes increases linearly with dose and that no 
"threshold" dose is required to initiate heritable 
damage to germ cells. 

The incidence of serious genetic disease due to 
mutations and chromosome aberrations induced by 
radiation is referred to as genetic detriment. Serious 
genetic disease includes inherited ill health, 
handicaps, or disabilities.  Genetic disease may be 
manifest at birth or may not become evident until 
some time in adulthood.  Radiation-induced genetic 
detriment includes impairment of life, shortened life 
span, and increased hospitalization.  The frequency 
of radiation-induced genetic impairment is relatively 
small in comparison with the magnitude of detriment 
associated with spontaneously arising genetic 
diseases (UNSCEAR 1982, 1988). 
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Teratogenesis. Radiation is a well-known 
teratogenic agent.  The developing fetus is much 
more sensitive to radiation than the mother. The age 
of the fetus at the time of exposure is the most 
important factor in determining the extent and type 
of damage from radiation.  The malformations 
produced in the embryo depend on which cells, 
tissues, or organs in the fetus are most actively 
differentiating at the time of radiation exposure. 
Embryos are relatively resistant to radiation-induced 
teratogenic effects during the later stages of their 
development and are most sensitive from just after 
implantation until the end of organogenesis (about 
two weeks to eight weeks after conception) 
(UNSCEAR 1986; Brent 1980).  Effects on nervous 
system, skeletal system, eyes, genitalia, and skin 
have been noted (Brent 1980).  The brain appears to 
be most sensitive during development of the 
neuroblast (these cells eventually become the nerve 
cells).  The greatest risk of brain damage for the 
human fetus occurs at 8 to 15 weeks, which is the 
time the nervous system is undergoing the most rapid 
differentiation and proliferation of cells (Otake 
1984). 

10.6.2	 DOSE-RESPONSE 
RELATIONSHIPS 

This section describes the relationship of the 
risk of fatal cancer, serious genetic effects, and other 
detrimental health effects to exposure to low levels 
of ionizing radiation.  Most important from the 
standpoint of the total societal risk from exposures to 
low-level ionizing radiation are the risks of cancer 
and genetic mutations.  Consistent with our current 
understanding of their origins in terms of DNA 
damage, these effects are believed to be stochastic; 
that is, the probability  (risk) of these effects 
increases with the dose of radiation, but the severity 
of the effects is independent of dose.  For neither 
induction of cancer nor genetic effects, moreover, is 
there any convincing evidence for a "threshold" (i.e., 
some dose level below which the risk is zero). 
Hence, so far as is known, any dose of ionizing 
radiation, no matter how small, might give rise to a 
cancer or to a genetic effect in future generations. 
Conversely, there is no way to be certain that a given 
dose of radiation, no matter how large, has caused an 
observed cancer in an individual or will cause one in 
the future. 

Exhibit 10-5 summarizes EPA's current 
estimates of the risk of adverse effects associated 
with human exposure to ionizing radiation (EPA 
1989a).  Important points from this summary table 
are provided below. 

� Very large doses (>1 Sv) of radiation are 
required to induce acute and irreversible 
adverse effects.  It is unlikely that such 
exposures would occur in the 
environmental setting associated with a 
potential Superfund site. 

�	 The risks of serious noncarcinogenic 
effects associated with chronic exposure to 
radiation include genetic and teratogenic 
effects.  Radiation-induced genetic effects 
have not been observed in human 
populations, and extrapolation from 
animal data reveals risks per unit exposure 
that are smaller than, or comparable to, the 
risk of cancer.  In addition, the genetic 
risks are spread over several generations. 
The risks per unit exposure of serious 
teratogenic effects are greater than the 
risks of cancer. However, there is a 
possibility  of a threshold, and the 
exposures must occur over a specific 
period of time during gestation to cause 
the effect.  Teratogenic effects can be 
induced only during the nine months of 
pregnancy.  Genetic effects are induced 
during the 30-year reproductive generation 
and cancer can be induced  at  any  point 
during the lifetime.  If a radiation source is 
not controlled, therefore, the cumulative 
risk of cancer may be many times greater 
than the risk of genetic or teratogenic 
effects due to the potentially longer period 
of exposure. 
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EXHIBIT 10-5


SUMMARY OF EPA'S RADIATION RISK FACTORSa


 Risk                              Significant Exposure Period  Risk Factor Range 

Low LET (Gy )-1 

Teratogenic:b 

Severe mental retardation Weeks 8 to 15 of gestation 0.25-0.55 

Genetic: 
Severe hereditary defects, 
all generations 

30-year reproductive generation 0.006-0.11 

Somatic: 
Fatal cancers 

Al l cancers 

Lifetime 
In utero 
Lifetime 

0.012-0.12 
0.029-0.10 
0.019-0.19 

High LET (Gy )-1 

Genetic: 
Severe hereditary defects, 
all generations 

30-year reproductive generation 0.016-0.29 

Somatic: 
Fatal cancers 
All cancers 

Lifetime 
Lifetime 

0.096-0.96 
0.15-1.5 

Radon Decay Products (10-6 WLM )-1 

Fatal lung cancer Lifetime 140-720 

a In addition to the stochastic risks indicated, acute toxicity may occur at a mean lethal dose of 3-5 Sv with a 
threshold in excess of 1 Sv. 

b The range assumes a linear, non-threshold dose-response.  However, it is plausible that a threshold may exist 
for this effect. 
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Based on these observations, it appears that the 
risk of cancer is limiting and may be used as the sole 
basis for assessing the radiation-related human health 
risks of a site contaminated with radionuclides. 

For situations where the risk of cancer induction 
in a specific target organ is of primary interest, the 
committed dose equivalent to that organ may be 
multiplied by an organ-specific risk factor. The 
relative radiosensitivity of various organs (i.e., the 
cancer induction rate per unit  dose) differs markedly 
for different organs and varies as a function of the 
age and sex of the exposed individual. Tabulations 
of such risk factors as a function of age and sex are 
provided in the Background Information Document 
for the Draft Environmental Impact Statement for 
Proposed NESHAPS for Radionuclides (EPA 1989a) 
for cancer mortality and cancer incidence. 

10.7	 RISK CHARACTERIZ ATION 

The final step in the risk assessment process is 
risk characterization.  This is an integration step in 
which the risks from individual radionuclides and 
pathways are quantified and combined where 
appropriate.  Uncertainties also are examined and 
discussed in this step. 

10.7.1	 REVIEWING OUTPUTS  FROM 
THE TOXICITY AND EXPOS URE 
ASSESSMENTS 

The exposure assessment results should be 
expressed as estimates of radionuclide intakes by 
inhalation and ingestion, exposure rates and duration 
for external exposure pathways, and committed 
effective dose equivalents to individuals from all 
relevant radionuclides and pathways.  The risk 
assessor should compile the supporting 
documentation to ensure that it is suffic ient to 
support the analysis and to allow an independent 
duplication of the results.  The review should also 
confirm that the analysis is reasonably complete in 
terms of the radionuclides and pathways addressed. 

In addition, the review should evaluate the 
degree to which the assumptions inherent in the 
analysis apply to the site and conditions being 
addressed.  The mathematical models used to 
calculate dose use a large number of environmental 

transfer factors and dose conversion factors that may 
not always be entirely applicable to the conditions 
being analyzed.  For example, the standard dose 
conversion factors are based on certain generic 
assumptions regarding the characteristics of the 
exposed individual and the chemical and physical 
properties of the radionuclides. Also, as is the case 
for chemical contaminants, the environmental 
transfer factors used in the models may not apply to 
all settings. 

Though the risk assessment models may include 
a large number of radionuclides and pathways, the 
important radionuclides and pathways are usually 
few in number.  As a result, it is often feasible to 
check the computer output using hand calculations. 
This type of review can be performed by health 
physicists  familiar with the models and their 
limi tations. Guidance on conducting such 
calculations is provided in numerous references, 
including Till and Meyer (1983) and NCRP Report 
No. 76 (NCRP 1984a). 

10.7.2	 QUANTIFYING RIS KS 

Given that the results of the exposure 
assessment are virtually complete, correct, and 
applicable to the conditions being considered, the 
next step in the process is to calculate and combine 
risks.  As discussed previously, the risk assessment 
for radionuclides is somewhat simplified because 
only radiation carcinogenesis needs to be considered. 

Section 10.5 presents a methodology for 
estimating committed effective dose equivalents that 
may be compared with radiation protection standards 
and criteria.  Al though the product of these dose 
equivalents (Sv) and an appropriate risk factor (risk 
per Sv) yields an estimate of risk, the health risk 
estimate derived in such a manner is not completely 
applicable for members of the general public.  A 
better  estimate of risk may be computed using age-
and sex-specific coefficients for individual organs 
receiving significant radiation doses. This 
information may be used along with organ-specific 
dose conversion factors to derive slope factors that 
represent the age-averaged lifetime excess cancer 
incidence per unit intake for the radionuclides of 
concern.  The Integrated Risk Information System 
(IRIS) contains slope factor values for radionuclides 
of concern at remedial sites for each of the four 
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major exposure pathways (inhalation, ingestion, air transport processes and routes of exposure are the 
immersion, and ground-surface irradiation), along same for radionuclides and chemicals. 
with supporting documentation for the derivation of 
these values (see Chapter 7 for more detail on IRIS). In cases where different environmental fate and 

transport models have been used to predict chemical 
The slope factors from the IRIS data base for and radionuclide exposure, the mathematical models 

the inhalation pathway should be multiplied by the may incorporate somewhat different assumptions. 
estimated inhaled activity (derived using the methods These differences can result in incompatibilities in 
presented in Section 6.6.3 and Exhibit 6-16, the two estimates of risk.  One important difference 
without division of the body weight and averaging of this nature is how the cancer toxicity values (i.e., 
time) for each radionuclide of concern to estimate slope factors) were developed. For both 
risks from the inhalation pathway.  Similarly, risks radionuclides and chemicals, cancer toxicity values 
from the ingestion pathway should be estimated by are obtained by extrapolation from experimental and 
multiplying the ingestion slope factors by the activity epidemiological data.  For radionuclides, however, 
ingested for each radionuclide of concern (derived human epidemiological data form the basis of the 
using the methods presented in Exhibits 6-11, 6-12, extrapolation, while for many chemical carcinogens, 
6-14, 6-17, 6-18, and 6-19, without division by the laboratory experiments are the primary basis for the 
body weight and averaging time).  Estimates of the extrapolation. Another even more fundamental 
risk from the air immersion pathway should be difference between the two is that slope factors for 
computed by multiplying the appropriate slope chemical carcinogens generally represent an upper 
factors by the airborne radionuclide concentration bound or 95th percent confidence limit value, while 

3(Bq/m ) and the duration of exposure.  Risk from the radionuclide slope factors are best estimate values. 
ground surface pathway should be computed as the 
product of the slope factor, the soil concentration In light of these limitations, the two sets of risk 

2(Bq/m ), and the duration of exposure for each estimates should be tabulated separately in the final 
radionuclide of concern. baseline risk assessment. 

The sum of the risks from all radionuclides and 10.7.4 ASSESSING AND PRESENTING 
pathways yields the lifetime risk from the overall UNCERTAINTIES 
exposure.  As discussed in Chapter 8, professional 
judgment must be used in combining the risks from Uncertainties in the risk assessment must be 
various pathways, as it may not be physically evaluated and discussed, including uncertainties in 
possible for one person to be exposed to the the physical setting definition for the site, in the 
maximum radionuclide concentrations for all models used, in the exposure parameters, and in the 
pathways. toxicity assessment.  Monte Carlo uncertainty 

analyses are frequently performed as part of the 
10.7.3 COMBINING RADIONUCLIDE uncertainty and sensitivity  analysis for radiological 

AND CHEMICAL CANCER RIS KS risk assessments.  A summary of the use of 
uncertainty analyses in support of radiological risk 

Estimates of the lifetime risk of cancer to assessments is provided in NCRP Report No. 76 
exposed individuals resulting from radiological and (NCRP 1984a), Radiological Assessment (Till and 
chemical risk assessments may be summed in order Meyer 1983), and in the Background Information 
to determine the overall potential human health Document for the Draft EIS for Proposed NESHAPs 
hazard associated with a site.  Certain precautions for Radionuclides (EPA 1989a). 
should be taken, however,  before summing these 
risks.  First, the risk assessor should evaluate 
whether it is reasonable to assume that the same 
individual can receive the maximum radiological and 
chemical dose.  It is possible for this to occur in 
some cases because many of the environmental 
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10.7.5	 SUMMARIZ ING AND 
PRESENTING THE BASELINE 
RISK CHARACTERIZ ATION 
RESULTS 

The results of the baseline risk characterization 
should be summarized and presented in an effective 
manner to assist in decision-making.  The estimates 
of risk should be summarized in the context of the 
specific site conditions.  Information should include 
the identity and concentrations of radionuclides, 
types and magnitudes of health risks predicted, 
uncertainties in the exposure estimates and toxicity 
information, and characteristics of the site and 
potentially exposed populations.  A summary table 
should be provided in a format similar to that shown 
in Exhibit 6-22, as well as graphical presentations of 
the predicted health risks (see Exhibit 8-7). 

10.8	 DOCUMENTATION, 
REVIEW, AND 
MANAGEMENT TOOLS FOR 
THE RISK ASSESSOR, 
REVIEWER, AND MANAGER 

The discussion provided in Chapter 9 also 
applies to radioactively contaminated sites.  The 
suggested outline provided in Exhibit 9-1 may also 
be used for radioactively contaminated sites with 
only minor modifications.  For example, the portions 
that uniquely pertain to the CLP program and 
noncarcinogenic risks are not needed.  In addition, 
because radionuclide hazard and toxicity have been 
addressed adequately on a generic basis, there is no 
need for an extensive discussion of toxicity in the 
report. 
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APPENDIX A


ADJUSTMENTS FOR 

ABSORPTION EFFICIENCY


This appendix contains example calculations 
for absorption efficiency adjustments that might 
be needed for Superfund site risk assessments. 
Absorption adjustments might be necessary in the 
risk characterization step to ensure that the site 
exposure estimate and the toxicity value for 
comparison are both expressed as absorbed doses 
or both expressed as intakes. 

Information concerning absorption effi-
ciencies might be found in the sections describing 
absorption toxicokinetics in HEAs, HEEDs, 
HEEPs, HADs, EPA drinking water quality 
criteria or ambient water quality criteria 
documents, or in ATSDR toxicological profiles. 
If  there is no information on absorption efficiency 
by the oral/inhalation routes, one can attempt to 
find absorption efficiencies for chemically related 
substances. If no information is available, 
conservative default assumptions might be used. 
Contact ECAO for further guidance. 

Adjustments may be necessary to match the 
exposure estimate with the toxicity value if one is 
based on an absorbed dose and the other is based 
on an intake (i.e., administered dose). 
Adjustments may also be necessary for different 
vehicles of exposure (e.g., water, food, or soil). 

For the dermal route of exposure, the 
procedures outlined in Chapter 6 result in an 
estimate of the absorbed dose.  Toxicity values 
that are expressed as administered doses will need 
to be adjusted to absorbed doses for comparison. 
This adjustment is discussed in Section A.1. 

For the other routes of exposure (i.e., oral 
and inhalation), the procedures outlined in 
Chapter 6 result in an estimate of daily intakes. If 
the toxicity value for comparison is expressed as 

an administered dose, no adjustment may be 
necessary (except, perhaps, for vehicle of 
exposure). If the toxicity value is expressed as an 
absorbed dose, however, adjustment of the 
exposure estimate (i.e., intake) to an absorbed dose 
is needed for comparison with the toxicity value. 
This adjustment is discussed in Section A.2. 

Adjustments also may be necessary for different 
absorption efficiencies depending on the medium 
of exposure (e.g., contaminants ingested with food 
or soil might be less completely absorbed than 
contaminants ingested with water). This 
adjustment is discussed in Section A.3. 

A.1 ADJUSTMENTS OF TOXICITY 
VALUE FROM 
ADMINISTERED TO 
ABSORBED DOSE 

Because there are few, if any, toxicity reference 

ACRONYMS FOR APPENDIX A 

ATSDR = Agency for Toxic Substances and 
Disease Registry 

ECAO = Environmental Criteria and Assessment
 Office 

HAD = Health Assessment Document 
HEA = Health Effects Assessment 
HEED = Health and Environmental Effects

 Document 
HEEP = Health and Environmental Effects

 Profile 
RfD = Reference Dose 
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DEFINITIONS FOR APPENDIX A


Absorbed Dose. The amount of a substance penetrating the exchange boundaries of an organism after contact.  Absorbed 
dose is calculated from the intake and the absorption efficiency, and it usually is expressed as mass of a substance 
absorbed into the body per unit body weight per unit time (e.g., mg/kg-day). 

Administered Dose. The mass of substance administered to an organism and in contact with an exchange boundary (e.g., 
gastrointestinal tract) per unit body weight per unit time (e.g., mg/kg-day). 

Exposure Route. The way a chemical or physical agent comes in contact with an organism (i.e., by ingestion, inhalation, 
or dermal contact). 

Intake. A measure of exposure expressed as the mass of substance in contact with the exchange boundary per unit body 
weight per unit time (e.g., mg/kg-day).  Also termed the normalized exposure rate, equivalent to administered 
dose. 

Reference Dose (RfD). The Agency's preferred toxicity value for evaluating noncarcinogenic effects resulting from 
exposures at Superfund sites.  See specific entries for chronic RfD, subchronic RfD, and developmental RfD. 
The acronym RfD, when used without other modifiers, either refers generically to all types of RfDs or specifically 
to chronic RfDs; it never refers specifically to subchronic or developmental RfDs. 

Slope Factor. A plausible upper-bound estimate of the probability of a response per unit intake of a chemical over a lifetime. 
The slope factor is used to estimate an upper-bound probability of an individual developing cancer as a result of 

values for dermal exposure, oral values are 
frequently used to assess risks from dermal 
exposure. Most RfDs and some slope factors are 
expressed as the amount of substance 
administered per unit time and unit body weight, 
whereas  exposure estimates for the dermal route 
of exposure are eventually expressed as absorbed 
doses.  Thus, for dermal exposure to contaminants 
in water or in soil, it may be necessary to adjust an 
oral toxicity value from an administered to an 
absorbed dose.  In the boxes to the right and on 
the next page are samples of adjustments for an 
oral RfD and an oral slope factor, respectively. If 
the oral toxicity value is already expressed as an 
absorbed dose (e.g., trichloroethylene), it is not 
necessary to adjust the toxicity value. 

In the absence of any information on 
absorption for the substance or chemically related 
substances, one must assume an oral absorption 
efficiency.  Assuming 100 percent absorption in 
an oral administration study that serves as the 
basis for an RfD or slope factor would be a non-
conservative approach for estimating the dermal 
RfD or slope factor (i.e., depending on the type of 
chemical, the true absorbed dose might have been 
much lower than 100 percent, and hence an 

EXAMPLE: ADJUSTMENT OF AN

ADMINISTERED TO AN ABSORBED


DOSE RfD


An oral RfD, unadjusted for absorption, equals 
10 mg/kg-day. 

Other information (or an assumption) indicates 
a 20% oral absorption effi ciency in the species 
on which the RfD is based. 

The adjusted RfD that would correspond to the 
absorbed dose would be:

 10 mg/kg-day x 0.20 = 2 mg/kg-day. 

The adjusted RfD of 2 mg/kg-day would be 
compared with the amount estimated to be 
absorbed dermally each day. 
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absorbed-dose RfD should similarly be much 
lower or the slope factor should be much higher). 
For example, some metals tend to be poorly 
absorbed (less than 5 percent) by the 
gastrointestinal tract.  A relatively conservative 
assumption for oral absorption in the absence of 
appropriate information would be 5 percent. 

EXAMPLE: ADJUSTMENT OF AN

ADMINISTERED TO AN


ABSORBED DOSE SLOPE FACTOR


An oral slope factor, unadjusted for 
absorption equals 1.6 (mg/kg-day)-1. 

Other information (or an assumption) 
indicates a 20% absorption efficiency in the 
species on which the slope factor is based. 

The adjusted slope factor that would 
correspond to the absorbed dose would be:

-1	 -1   1.6(mg/kg-day) /0.20 = 8 (mg/kg-day) . 

The adjusted slope factor of 8 (mg/kg-
day)-1 would be used to estimate the cancer 
risk associated with the estimated absorbed 

A.2	 ADJUSTMENT OF 
EXPOSURE ESTIMATE TO 
AN ABSORBED DOSE 

If the toxicity value is expressed as an 
absorbed rather than an administered dose, it may 
be necessary to convert the exposure estimate 
from an intake into an absorbed dose for 
comparison.  An example of estimating an 
absorbed dose from an intake using an absorption 
efficiency factor is provided in the box in the top 
right corner.  Do not adjust exposure estimates for 
absorption efficiency if the toxicity values are 
based on administered doses. 

A.3	 ADJUSTMENT FOR 
MEDIUM OF EXPOSURE 

EXAMPLE: ADJUSTMENT OF

EXPOSURE ESTIMATE TO


AN ABSORBED DOSE


The exposure assessment indicates that an 
individual ingests 40 mg/kg-day of the 
chemical from locally grown vegetables. 

The oral RfD (or slope factor) for the chemical 
is based on an absorbed, not administered, 
dose. 

The human oral absorption efficiency for the 
contaminant from food is known or assumed 
to be 10 percent. 

The adjusted exposure, expressed as an 
absorbed dose for comparison with the RfD 
(or slope factor), would be:

 40 mg/kg-day x 0.10 = 4 mg/kg-day. 

If the medium of exposure in the site exposure 
assessment differs from the medium of exposure 
assumed by the toxicity value (e.g., RfD values 
usually are based on or have been adjusted to 
reflect exposure via drinking water, while the site 
medium of concern may be soil), an absorption 
adjustment may, on occasion, be appropriate.  For 
example, a substance might be more completely 
absorbed following exposure to contaminated 
drinking water than following exposure to 
contaminated food or soil (e.g., if the substance 
does not desorb from soil in the gastrointestinal 
tract).  Similarly, a substance might be more 
completely absorbed following inhalation of 
vapors than following inhalation of particulates. 
The selection of adjustment method will depend 
upon the absorption efficiency inherent in the RfD 
or slope factor used for comparison.  To adjust a 
food or soil ingestion exposure estimate to match 
an RfD or slope factor based on the assumption of 
drinking water ingestion, an estimate of the relative 
absorption of the substance from food or soil and 
from water is needed.  A sample calculation is 
provided in the box on the next page. 

In the absence of a strong argument for 
making this adjustment or reliable information on 
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EXAMPLE: ADJUSTMENT FOR

MEDIUM OF EXPOSURE


The expected human daily intake of the 
substance in food or soil is estimated to be 10 
mg/kg-day. 

Absorption of the substance from drinking 
water is known or assumed to be 90%, and 
absorption of the substance from food or soil 
is known or assumed to be 30%. 

The relative absorption of the substance in 
food or soil/drinking water is 0.33 (i.e., 
30/90). 

The oral intake of the substance, adjusted to 
be comparable with the oral RfD (based on an 
administered dose in drinking water), would 
be: 

relative absorption efficiencies, assume that the 
relative absorption efficiency between food or soil 
and water is 1.0. 

If the RfD or slope factor is expressed as an 
absorbed dose rather than an administered dose, it 
is only necessary to identify an absorption 
efficiency associated with the medium of concern 
in the site exposure estimate. In the example 
above, this situation would translate into a relative 
absorption of 0.3 (i.e., 30/100). 
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A 
Absorbed dose


calculation 6-34, 6-39, 7-8, 7-10, 7-12

definition 6-2, 6-4, 6-32, 6-34, 7-10, 10-2

following dermal contact with soil, sediment,


or dust 6-39, 6-41 to 6-43, 7-16

following dermal contact with water 6-34, 6


39, 7-16

radiation 10-1, 10-2, 10-6

toxicity value 7-10, 7-16, 8-5, A-1, A-2


Absorption adjustment

dermal exposures 8-5, A-1, A-2

medium of exposure 8-5, A-3, A-4


Absorption efficiency

default assumptions 6-34, 6-39, A-2 to A-4

dermal 6-34, 6-39

general 6-2, 7-10, 7-20, 8-5, 8-10


Acceptable daily intakes 7-1, 7-2, 7-6


Activity at time t 10-1


Activity patterns 6-2, 6-6, 6-7, 6-24, 7-3


Acute exposures. See Exposure -- short-term 

Acute toxicants 6-23, 6-28


ADIs. See Acceptable daily intakes 

Administered dose 6-2, 6-4, 7-1, 7-2, 7-10, 8-2, 8-5,

A-1 to A-4


Agency for Toxic Substances and Disease Registry

1-8, 2-1, 2-3, 2-4, 2-8 to 2-11, 6-1, 6-17, 7-14, 8

1, 8-15, 8-24


Air data collection

and soil 4-10

background sampling 4-9

concentration variability 4-9


emission sources 4-15

flow 4-8

meteorological conditions 4-15, 4-20

monitoring 4-8, 4-9, 4-14

radionuclides 10-11

sample type 4-19

sampling locations 4-19

short-term 4-15

spatial considerations 4-15

temporal considerations 4-15, 4-20

time and cost 4-21


Air exposure

dispersion models 6-29

indoor modeling 6-29

outdoor modeling 6-29

volatilization 6-29


Analytes 4-2, 5-2, 5-5, 5-7, 5-10, 5-27


Analytical methods

evaluation 5-5 to 5-7

radionuclides 10-12, 10-13

routine analytical services 4-22

special analytical services 4-3, 4-22


Animal studies 7-12, 10-28, 10-29, 10-33


Applicable or relevant and appropriate requirement

2-2, 2-7, 2-8, 8-1, 10-8 to 10-10


Applied dose 6-2, 6-4


ARAR. See Applicable or relevant and appropriate 
requirement 

A(t). See Activity at time t 

ATSDR. See Agency for Toxic Substances and 
Disease Registry 

Averaging time 6-23




Page B-2 

B 
Background


anthropogenic 4-2, 4-5

comparison to site related contamination 4-9,


4-10, 4-18

defining needs 4-5 to 4-10, 6-29, 6-30

information useful for data collection 4-1

localized 4-5

naturally occurring 4-2, 4-5, 8-25, 10-14

sampling 4-5 to 4-10, 10-14

ubiquitous 4-5


BCF. See Bioconcentration factor 

Bench scale tests 4-3


Benthic oxygen conditions 4-7


Bioconcentration 4-11, 6-31, 6-32


Bioconcentration factor 6-1, 6-12, 6-31, 6-32


Biota sampling 4-7, 4-10, 4-16


Blanks

evaluation 5-17

field 4-22, 4-23, 5-17, 10-20

laboratory 4-22, 5-13, 5-17

laboratory calibration 5-17

laboratory reagent or method 5-17

trip 4-22, 5-17


Body weight as an intake variable 6-22, 6-23, 6-39,

7-8, 7-12, 10-26, 10-33


Bulk density 4-7, 4-12


C 
Cancer risks


extrapolating to lower doses 7-11, 7-12

linear low-dose equation 8-6

multiple pathways 8-16

multiple substances 8-12

one-hit equation 8-11

radiation 10-28 to 10-32

summation of 8-12, 8-16


Carcinogenesis 7-10, 10-28 to 10-32


Carcinogen Risk Assessment Verification Endeavor

7-1, 7-13


Carcinogens 5-8, 5-21, 6-23, 7-10, 8-6, 10-30, 10-33


CDI. See Chronic daily intake


CEAM. See Center for Exposure Assessment

Modeling 


Center for Exposure Assessment Modeling 6-1, 6

25, 6-31


CERCLA. See Comprehensive Environmental

Response, Compensation, and Liability Act of

1980


CERCLA Information System 2-4


CERCLIS. See CERCLA Information System


Checklist for manager involvement 9-14 to 9-17


Chemicals of potential concern

definition 5-2

listing 5-20

preliminary assessment 5-8

radionuclides 10-21

reducing 5-20 to 5-24

summary 5-24 to 5-27


Chronic daily intake 6-1, 6-2, 6-23, 7-1, 8-1, 8-6 to

8-11


CLP. See Contract Laboratory Program


Combustible gas indicator 5-6


Common laboratory contaminants 5-2, 5-3, 5-13, 5

16, 5-17


Comprehensive Environmental Response,

Compensation, and Liability Act of 1980 1-1, 1-3,

2-1 to 2-4


Concentration-toxicity screen 5-20, 5-23


Conceptual model 4-5, 4-10


Contact rate 6-2, 6-22


Contract Laboratory Program

applicability to radionuclides 10-16, 10-17, 10


20, 10-21
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definition 4-2

routine analytical services 4-22, 5-5, 5-7, 5-15,


5-18, 5-20

special analytical services 4-3, 4-22, 5-5, 5-7 to


5-10, 5-18 to 5-20

statements of work 5-5


Contract-required detection limit. See Detection

limit


Contract-required quantitation limit. See

Quantitation limit 


CRAVE. See Carcinogen Risk Assessment

Verification Endeavor


CRDL. See Contract-required detection limit


Critical study. See Reference dose


Critical toxicity effect. See Reference dose


CRQL. See Contract-required quantitation limit


Curie 10-2, 10-4, 10-6


D

D. See Absorbed dose -- radiation 

Data

codes 5-11 to 5-16

positive 5-2

qualifiers 5-11 to 5-16


Data quality objectives 3-4, 4-1 to 4-5, 4-19, 4-24,

10-14


DCF. See Dose conversion factor 

Decay products 10-2, 10-7, 10-21, 10-24


Decision Summary 9-3


Declaration 9-3


Dermal

absorption efficiency 6-34, 6-39

contact with soil, sediment, or dust 6-39, 6-41


to 6-43, A-2

contact with water 6-34, 6-37 to 6-39, A-2


exposure 4-10, 4-11, 4-14, 6-34, 6-37 to 6-39,

6-43, 8-5, A-2


external radiation exposure 10-22, 10-23, 10

25, 10-26


toxicity values 7-16


Detection frequency 5-20, 5-22


Detection limits

contract-required 5-1, 5-2, 5-8

definition 5-1, 5-2, 5-8

evaluation 4-3 to 4-5, 5-7 to 5-11, 5-20, 6-31

instrument 4-1, 5-1, 5-7

limitations to 4-15, 4-22, 5-8

method 4-22, 5-1, 5-7

radionuclides 10-17 to 10-20


Diffusivity 6-12


Dissolved oxygen 4-7


DL. See Detection limit 

Documentation. See Preparing and reviewing the 
baseline risk assessment 

Dose

absorbed vs administered 6-4, 7-10, 8-2, A-1 to


A-3

absorption efficiency A-1 to A-3

response curve 7-12

response evaluation 7-1, 7-2, 7-11, 7-12


Dose conversion factor 10-1, 10-2, 10-24, 10-25, 10

26


Dose equivalent

committed 10-1, 10-2, 10-7, 10-24, 10-25, 10


26

effective 10-1, 10-2, 10-7, 10-24, 10-25, 10-26


DQO. See Data quality objectives 

Dry weight 4-7


Dust

exposure 6-39, 6-43

fugitive dust generation 4-3, 4-5, 4-15, 6-29

transport indoors 6-29
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E 
E. See Exposure level 

ECAO. See Environmental Criteria and Assessment 
Office 

Emission sampling

rate 4-5, 4-7, 4-14

strength 4-7


Endangerment Assessment Handbook 1-1, 2-9


Endangerment assessments 2-1, 2-8


Environmental Criteria and Assessment Office 7-1,

7-15, 7-16, 7-19, 8-1, 8-5, A-1


Environmental Evaluation Manual 1-1, 1-11, 2-9, 4

16


Environmental Photographic Interpretation Center 4

4


EPIC. See Environmental Photographic 
Interpretation Center 

Epidemiology

site-specific studies 2-10, 8-22, 8-24

toxicity assessment 7-3, 7-5


Essential nutrients 5-23


Estuary sampling 4-7, 4-13, 4-14


Exposure

averaging time 6-23

characterization of setting 6-2, 6-5 to 6-8

definition 6-2, 8-2

event 6-2

expressed as absorbed doses 6-34, 6-39, A-1

for dermal route 6-34, 6-39, 6-41 to 6-43

frequency/duration 6-22

general considerations 6-19 to 6-24

level 8-1

long-term 6-23

parameter estimation 6-19 to 6-23

pathway-specific exposures 6-32 to 6-47

point 6-2, 6-11

potentially exposed populations 6-6 to 6-8

radionuclides vs chemicals 10-22

route 6-2, 6-11, 6-17, 6-18, 8-2, A-1

short-term 6-23, 8-11, 10-25, 10-28, 10-30


Exposure assessment 

definition 1-6, 1-7, 6-1, 6-2, 8-2

intake calculations 6-32 to 6-47

objective 6-1

output for dermal contact with contaminated


soil 6-39

output for dermal exposure to contaminated


water 6-34

preliminary 4-3, 4-10 to 4-16

radiation 10-22 to 10-27

spatial considerations 6-24 to 6-26


Exposure concentrations

and the reasonable maximum exposure 6-19

in air 6-28, 6-29

in food 6-31, 6-32

in ground water 6-26, 6-27

in sediment 6-30

in soil 6-27, 6-28

in surface water 6-29, 6-30

summarizing 6-32, 6-33, 6-50, 6-52


Exposure pathways

components 6-8, 6-9

definition 6-2, 8-2

external radiation exposure 10-22, 10-23, 10


25, 10-26

identification 6-8 to 6-19

multiple 6-47

summarizing 6-17, 6-20


F

Fate and transport assessment 6-11, 6-14 to 6-16. 


See also Exposure assessment


Field blanks. See Blanks 

Field investigation team 4-1, 4-16, 4-20, 4-24, 5-1,

5-2


Field sampling plan 4-1, 4-2, 4-23, 4-24, 10-15


Field screen 4-11, 4-20, 4-21, 5-5, 5-6, 5-24


First-order analysis 8-20


FIT. See Field investigation team 

Five-year review 2-3, 2-5


Food chain 2-3, 4-7, 4-10, 4-16, 6-31, 6-32


Fraction organic content of soil 4-7
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Frequency of detection. See Detection frequency 

FS. See Remedial investigation/feasibility study 

FSP. See Field sampling plan 

G 

Ground-water data collection

and air 4-13

and soil 4-12

filtered vs unfiltered samples 4-12, 6-27

hydrogeologic properties 4-12

sample type 4-19

transport route 4-11

well location and depth 4-12


Grouping chemicals by class 5-21, 10-21


H 

HADs. See Health Assessment Documents 

HAs. See Health Advisories 

Half-life 6-12, 10-2


Hazard identification 1-6, 7-1, 7-2, 10-28 to 10-30


Hazard index

chronic 8-13

definition 8-1, 8-2

multiple pathways 8-16, 8-17

multiple substances 8-12, 8-13

noncancer 8-12, 8-13

segregation 8-14, 8-15

short-term 8-13, 8-14

subchronic 8-13, 8-14


Hazard quotient 8-2, 8-11


Hazard Ranking System 2-5, 2-6, 4-1, 4-4


H .  See Dose equivalentE 

HE,50. See Dose equivalent 

Head measurements 4-7


Health Advisories 2-10, 7-9, 7-10, 8-13


Health and Environmental Effects Documents 7-1,

7-14, A-1


Health and Environmental Effects Profiles 7-1, 7-14,


Health Assessment Documents 7-1, 7-14, A-1


Health Effects Assessments 7-1, 7-14, A-1


Health Effects Assessment Summary Tables 7-1, 7

14


Health physicist 10-3, 10-21


HEAs. See Health Effects Assessments 

HEAST. See Health Effects Assessment Summary 
Tables 

HEEDs. See Health and Environmental Effects 
Documents 

HEEPs. See Health and Environmental Effects 
Profiles 

Henry's law constant 6-12


HI. See Hazard index 

HNu organic vapor detector 5-6


Hot spots 4-10 to 4-12, 4-17, 4-19, 5-27, 6-24, 6-28


HQ. See Hazard quotient 

HRS. See Hazard Ranking System 

H .  See Dose equivalentT 

HT,50. See Dose equivalent 

Hydraulic gradient 4-7


I

IARC. See International Agency for Research on


Cancer


IDL. See Instrument detection limit 

Ingestion 

of dairy products 4-16, 6-47, 6-48

of fish and shellfish 4-3, 4-11, 4-14, 4-15, 4-16,


6-43, 6-45

of ground water 6-34, 6-35

of meat 4-15, 4-16, 6-47, 6-48

of produce 4-16, 6-43, 6-46, 6-47

of soil, sediment, or dust 6-39, 6-40

of surface water 4-14, 6-34, 6-35

while swimming 4-14, 6-34, 6-36


Instrument detection limit. See Detection limit 

A-1 
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Inhalation 6-43, 6-44


Intake 6-2, 6-4, 6-19, 6-21, 8-2, 10-26


Integrated Risk Information System 7-1, 7-2, 7-6, 7

12 to 7-15, 8-1, 8-2, 8-7, 8-8, 10-33


International Agency for Research on Cancer 7-11


International System of Units 10-1


Ionizing radiation. See Radionuclides, radiation


IRIS. See Integrated Risk Information System


K 
K  6-12
d 

Koc 6-12


Kow 6-12, 6-31


Kriging 6-19


L

Land use


and risk characterization 8-10, 8-20, 8-26

current 6-6

future 6-7


Lentic waters 4-14


LET. See Linear energy transfer


Level of effort 1-6 to 1-8, 3-3


Life history stage 4-7


Lifetime average daily intake 6-2, 6-23, 8-4


Linear energy transfer 10-1, 10-2, 10-28, 10-29, 10


Linearized multistage model 7-12, 8-6


Lipid content 4-7, 10-14


LLD. See Lower limit of detection


LOAEL. See Lowest-observed-adverse-effect- level


Lotic waters 4-13, 4-14


Lower limit of detection 10-1


Lowest-observed-adverse-effect-level 7-1, 7-2, 7-7,

8-1


M

Management tools 9-1, 9-14, 10-1, 10-34


Maximum contaminant levels 1-8, 5-8


MCLs. See Maximum contaminant levels


MDL. See Method detection limit


Media of concern

air 4-14

biota 4-15

ground water 4-12

sampling 4-2, 4-3, 4-10 to 4-16

soil 4-11

surface water/sediments 4-13


Metals

absorption by gastrointestinal tract A-2, A-3

default assumptions for A-2


Method detection limit. See Detection limit


MeV. See Million electron volts


MF. See Modifying factor


Million electron volts 10-1, 10-5


Modeling 4-3 to 4-8, 5-8, 5-22, 5-27, 6-25, 6-26, 8

18 to 8-20


Modifying factor 7-7, 7-21, 8-4, 8-8, 10-1, 10-2, 10

6


Monte Carlo simulation 8-19, 8-20


Multistage model. See Linearized multistage model


N 
N. See Dose equivalent 

National Oceanographic and Atmospheric

Administration 6-1, 6-6


National Oil and Hazardous Substances Pollution

Contingency Plan 1-1, 2-2, 2-4, 2-5


31 
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National Priorities List 2-3, 2-5, 2-6, 10-1


National Response Center 2-4


National Technical Guidance Studies 6-1


NCP. See National Oil and Hazardous Substances

Pollution Contingency Plan 

ND. See Non-detect 

NOAA. See National Oceanographic and 
Atmospheric Administration


NOAEL. See No-observed-adverse-effect-level


Noncancer hazard indices. See Hazard index


Noncancer hazard quotient. See Hazard quotient


Noncarcinogenic threshold toxicants 7-6


Non-detects 5-1, 5-2, 5-7, 5-10, 5-11, 5-15, 5-16


No-observed-adverse-effect-level 7-1, 7-2, 7-7, 8-1


Normalized exposure rate 6-4, 8-2, A-2


NPL. See National Priorities List


NRC. See Nuclear Regulatory Commission


NTGS. See National Technical Guidance Studies


Nuclear Regulatory Commission 8-1, 10-8


Nuclear transformation 10-2


O

OAQPS. See Office of Air Quality Planning and


Standards


OERR. See Office of Emergency and Remedial

Response


Office of Air Quality Planning and Standards 6-1


Office of Emergency and Remedial Response 1-1


Office of Radiation Programs 10-3, 10-10, 10-14,

10-24 to 10-26


Operable units 1-8, 1-9, 3-1, 3-2, 5-24


Oral absorption A-2, A-3


Oral cancer potency factor adjustment A-3


Oral reference dose adjustment A-2


Organic carbon content 4-7, 4-12, 5-5


Organic vapor analyzer 5-6


OVA. See Oxygen vapor analyzer


Oxygen-deficient atmosphere 5-6


P

PA. See Preliminary assessment/site inspection


Partition coefficient 4-7, 6-31, 6-32


PA/SI. See Preliminary assessment/site inspection


PC. See Permeability constant


PE. See Performance evaluation


Performance evaluation 5-1, 5-5


Permeability constant 6-34, 10-26


Persistence 4-2, 5-21, 6-4, 6-23, 6-24


pH 4-7


PHE. See Public health evaluation


Porosity 4-7, 4-12


PQL. See Practical quantitation limit


Practical quantitation limit 5-1


Preliminary assessment/site inspection 2-4, 2-5, 2-6,

4-2, 4-4, 6-5


Preliminary remediation goals 1-3 to 1-5, 1-8, 8-1


Preparing and reviewing the baseline risk

assessment


addressing the objectives 9-1, 9-2

communicating the results 9-1, 9-2
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documentation tools 9-1 to 9-8

other key reports 9-3

review tools 9-3, 9-9 to 9-14

scope 9-2, 9-3


PRGs. See Preliminary remediation goals 

Primary balancing criteria 1-9


Proxy concentration 5-10


Public health evaluation 1-11


Q 
Q. See Dose equivalent 

QAPjP. See Quality assurance project plan 

QA/QC. See Quality Assurance/Quality Control 

QL. See Quantitation limit 

Qualifiers. See Data 

Quality assurance project plan 4-1, 4-2, 4-23


Quality assurance/quality control 3-4, 4-1, 4-3, 5-1,

5-29


Quality factor 10-2, 10-6


Quantitation limit

compared to health-based concentrations 5-2,


5-5, 5-7, 5-8, 5-11

contract-required 5-1, 5-2, 5-8

definitions 5-2, 5-5, 5-8

evaluation 5-1 to 5-9, 10-20

high 5-10

radionuclides 10-17 to 10-20

sample 5-8

strategy 4-21

unavailability 4-3, 5-10


R 
RA. See Remedial action 

Radiation. See Radionuclides, radiation 

Radiation advisory groups

International Commission on Radiation


Protection 10-3, 10-9, 10-28

National Academy of Sciences 10-28, 10-29


National Council on Radiation Protection and

Measurements 10-9, 10-28


United Nations Scientific Committee on the

Effects of Atomic Radiation 10-28, 10-29,

10-30


Radiation detection instruments

gas proportional counters 10-12, 10-13

Geiger-Mueller (G-M) counters 10-11, 10-12

ionization chambers 10-11 to 10-13

scintillation detectors 10-11 to 10-13

solid-state detectors 10-12, 10-13


Radiation units

becquerel 10-1, 10-2, 10-4, 10-6

curie 10-1, 10-2, 10-4, 10-6

picocurie 10-1

rad 10-2, 10-6

rem 10-2

roentgen 10-2, 10-6

sievert 10-1, 10-2, 10-6

working level 10-7

working level month 10-7
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Radionuclides, radiation developmental 7-1, 7-6, 7-9, 8-2 
alpha particles 10-4, 10-5, 10-28 inhalation 7-8 
beta particles 10-4, 10-5, 10-28 oral 7-6, 7-7 
decay products 10-2, 10-7, 10-21, 10-24 
definition 10-2 subchronic 7-1, 7-2, 7-6, 7-8, 7-9, 8-2, 8-9, 8-14 
external 10-2 verified 7-10 
half-life 10-2 
internal 10-2 Regional Radiation Program Managers 10-3, 10-10 
ionizing 10-2 
linear energy transfer 10-2, 10-28, 10-29, 10- Relative biological effectiveness 10-1, 10-6, 10-29 

31 
lower limit of detection 10-17, 10-20 Release sources 6-10 
neutrons 10-4 
photons 10-4, 10-5, 10-28 Remedial action 1-3, 1-8 to 1-10, 2-5, 2-7, 2-9, 3-1, 
positrons 10-4 3-2, 6-8, 10-8 
quality factors 10-2, 10-6, 10-29 
radioactive decay 10-2, 10-2 Remedial action objectives 1-3, 1-8, 2-7 
radon decay products 10-7 
regulatory agencies 10-8, 10-9 Remedial design 2-5, 2-6, 2-9 
relative biological effectiveness 10-1, 10-6, 10

29 Remedial investigation/feasibility study 1-1 to 1-5, 
risk characterization 10-32 to 10-34 1-8 to 1-10, 2-5 to 2-7, 3-1 to 3-3, 4-1 to 4-5, 4
toxicity assessment 10-27 to 10-32 23, 8-1 

RAS. See Routine analytical services Remedial project manager 
and background sampling 4-8 

RBE. See Relative biological effectiveness and elimination of data 5-2, 5-17, 5-20, 5-21 
and ground-water sampling 4-13 

RCRA. See Resource Conservation and Recovery and radiation 10-3 
Act and reasonable maximum exposure 6-5 

and scoping meeting 4-3 
RD. See Remedial design definition 1-2 

management tools for 9-14 to 9-17 
Reasonable maximum exposure 

and body weight 6-22, 6-23 Remedy selection 1-9, 2-5 
and contact rate 6-22 
and exposure concentration 6-19 Resource Conservation and Recovery Act 2-7, 10-8 
and exposure frequency and duration 6-22 
and risk characterization 8-1, 8-15, 8-16, 8-26 Responsiveness Summary 9-3 
definition 6-1, 6-4, 6-5 
estimation of 6-19 to 6-23, 8-15, 8-16 Reviewing the risk assessment. See Preparing and 

reviewing the baseline risk assessment 
Record of Decision 2-5, 9-3 

RfD. See Reference dose 
Redox potential 4-7 

RfDdt. See Reference dose 
Reference dose 

chronic 7-1, 7-2, 7-5, 8-1, 8-2, 8-8, 8-10, 8-13, RfD .  s See Reference dose 
A-1, A-2 

critical toxic effect 7-7, 8-4, 8-10, 8-15 RI. See Remedial investigation/feasibility studies 
critical study 7-7 
definition 7-1, 7-2, 8-2, A-2 RI/FS. See Remedial investigation/feasibility study 
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Risk assessment reviewer 1-2, 9-1, 9-3, 9-9 to 9-14


Risk assessor 
definition 1-2

tools for documentation 9-1 to 9-8


Risk characterization 1-6, 1-7, 8-1


Risk information in the RI/FS process 1-3 to 1-10


Risk manager 1-2


RME. See Reasonable maximum exposure 

ROD. See Record of Decision 

Route-to-route extrapolation 7-16


Routine analytical services. See Contract Laboratory 
Program 

RPM. See Remedial project manager 

S 
Salinity 4-7, 4-14, 6-5


Saltwater incursion extent 4-7


Sample Management Office 4-1, 4-2, 5-1, 5-5


Sample quantitation limit 5-1. See also Quantitation 
limit 

Samples. See Sampling 

Sampling 
annual/seasonal cycle 4-20

composite 4-11, 4-14, 4-19

cost 4-10, 4-17, 4-18, 4-20, 4-21

depth 4-7, 4-11, 4-12, 4-19

devices 4-21

grab 4-19

purposive 4-9, 4-10, 4-12, 4-18, 4-19

radionuclides 10-10 to 10-16

random 4-9, 4-12, 4-18 to 4-20

routes of contaminant transport 4-10 to 4-16

strategy 4-16

systematic 4-18, 4-19


Sampling and analysis plan 1-4, 4-1, 4-2, 4-3, 4-22

to 4-24


SAP. See Sampling and analysis plan 

SARA. See Superfund Amendments and 
Reauthorization Act of 1986


SAS. See Special analytical services


Scoping

meeting 4-3, 4-18, 4-22, 4-23, 9-15, 10-15

of project 1-3 to 1-5, 1-8, 2-7, 3-2, 3-3


SDI. See Subchronic daily intake


SEAM. See Superfund Exposure Assessment

Manual


Segregation of hazard indices 8-14, 8-15


Selection of remedy. See Remedy selection


Semi-volatile organic chemical 5-1


SI. See International System of Units, Preliminary

assessment/site inspection


Site discovery or notification 2-4


Site inspection. See Preliminary assessment/site

inspection


Skin 5-29, 7-16, 10-4, 10-6, 10-22, 10-29. See also

Dermal


Slope factor 5-9, 5-21, 7-3, 7-11 to 7-13, 7-16, 8-1,

8-2 to 8-7, 8-10 to 8-12, 10-2, 10-33, A-1 to A-4


SMO. See Sample management office


Soil data collection 4-11

and ground water 4-12

depth of samples 4-12

heterogeneity 4-11

hot spots 4-11


Solubility 6-12


Sorption 6-27


SOW. See Statements of work


Special analytical services. See Contract Laboratory

Program 
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Specific organ 4-7, 10-7, 10-22


SPHEM. See Superfund Public Health Evaluation 
Manual 

SQL. See Sample quantitation limit 

Stability class 4-7


Statements of work. See Contract Laboratory 
Program 

Statistics 

and background 4-8 to 4-10, 5-18

certainty 4-8, 4-17, 4-18

methods 4-8, 4-18

power 4-9, 4-18

sampling strategy 4-16 to 4-20

variability 4-9, 4-18


Structure-activity studies 7-5


Subchronic daily intake 6-1, 6-2, 6-23, 7-1, 8-1


Superfund. See Comprehensive Environmental

Response, Compensation, and Liability Act of

1980


Superfund Amendments and Reauthorization Act of

1986 1-11, 2-1 to 2-4


Superfund Exposure Assessment Manual 2-1, 2-8, 6

1


Superfund Public Health Evaluation Manual 1-1, 2

8


SVOC. See Semi-volatile organic chemical 

T 
T. See Tissue


TAL. See Target analyte list


Target analyte list 4-1, 4-2, 5-5, 5-8, 5-17


Target compound list 4-1, 4-2, 4-22, 5-1, 5-5, 5-8, 5

17, 5-21, 10-20


TCL. See Target compound list


Tentatively identified compound 4-1, 5-1, 5-13, 5


17, 5-18


Thermocline 4-7


TIC. See Tentatively identified compound


Tidal cycle 4-7, 4-14


Tissue 10-1


TOC. See Total organic carbon


Tools

documentation 9-1 to 9-8

management 9-13 to 9-17

review 9-3, 9-9 to 9-14


Topography 4-7


Total organic carbon 5-1


Total organic halogens 5-1


TOX. See Total organic halogens


Toxicity assessment 1-6, 1-7, 7-1, 7-4, 10-27 to 10

32


Toxicity values

absorbed vs administered dose 7-10, A-1

definition 7-3

generation of 7-16

hierarchy of information 7-15

oral 7-16, 10-33, A-2

radiation 10-22, 10-32

reducing number of chemicals 5-21, 5-23


Transfer coefficients 6-32


Transformation 5-20, 6-27, 7-5, 10-2, 10-3, 10-5


Treatability 5-21


Trip blanks. See Blanks
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U 
UFs. See Uncertainty factors 

Uncertainty analysis

exposure 6-17, 6-34, 6-47, 6-49 to 6-51, 8-18,


8-22

factors 7-7 to 7-10, 8-4, 8-8, 8-9, 8-17, 8-18, 8


20, 8-22

first-order analysis 8-20

model applicability and assumptions 6-50, 8-18


to 8-22

Monte Carlo simulation 8-20

multiple substance exposure 8-22

parameter value 8-19

qualitative 8-20, 8-21

quantitative 8-19, 8-20

radiation 10-27, 10-33

risk 8-17

semi-quantitative 8-20

toxicity 7-19, 7-20, 8-22


Uncertainty factors. See Uncertainty analysis -
factors 

Unit risk 7-13


U.S. Geological Survey 6-1, 6-6


USGS. See U.S. Geological Survey 

V

Vapor pressure 6-12


VOC. See Volatile organic chemical


Volatile organic chemical 4-2, 5-1, 5-17, 6-31


W 
Water hardness 4-7


Weighting factor 10-1, 10-2, 10-7


Weight-of-evidence classification 5-20, 7-3, 7-9, 

7-11, 8-2, 8-4, 8-7, 8-10


Whole body 4-7, 4-16, 6-31, 10-6, 10-7


Workplan 4-1, 4-4, 4-22 to 4-24, 9-15


W .  See Weighting factorxT 
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Notice 
 

The United States Environmental Protection Agency (EPA) through its Office of Research and 
Development (ORD) funded and managed the research described here. It has been peer reviewed by the 
EPA and approved for publication. Mention of trade names and commercial products does not constitute 
endorsement or recommendation by the EPA for use. 
 
ProUCL software was developed by Lockheed Martin under a contract with the EPA and is made 
available through the EPA Technical Support Center in Las Vegas, Nevada. Use of any portion of 
ProUCL that does not comply with the ProUCL User Guide is not recommended. 
 
ProUCL contains embedded licensed software. Any modification of the ProUCL source code may violate 
the embedded licensed software agreements and is expressly forbidden.  
 
ProUCL software provided by the EPA was scanned with McAfee VirusScan and is certified free of 
viruses. 
 
With respect to ProUCL distributed software and documentation, neither the EPA nor any of their 
employees, assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed. Furthermore, software and documentation are 
supplied “as-is” without guarantee or warranty, expressed or implied, including without limitation, any 
warranty of merchantability or fitness for a specific purpose.   
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Changes from ProUCL 4.0 (version 4.00.00) to ProUCL 4.00.002 
 
Although extensive changes were made in the code for ProUCL 4.0 (version 4.00.00) to produce ProUCL 
4.00.02, those changes are transparent to the users.  Most of those changes were made so that 
ProUCL 4.00.02 is compatible with our developing statistical software, Scout (e.g., both programs share 
the same statistical libraries).  ProUCL will also reside as a separate module in Scout as a research tool. 
 
There is a very minor correction of a displayed value in one of the hypothesis tests, the two sample t-test.  
The p-value associated with the t-test was computed in two different ways: one way is correct and the 
other way, although it produced subtle differences, is incorrect.  The incorrect method has been removed 
from ProUCL 4.00.02. 
 
Several extra warning messages have been added to ProUCL 4.00.02, mainly in regard to attempting tests 
when a data set is very small (n < 5), when the number of detected values is small (e.g., only zero, one, or 
two), or when all of the values are non-detected values. For an example, some screens depicting those 
warning messages are included in the newly added Section 2.11 (page 40) of this ProUCL 4.00.02 User 
Guide. 
 
The only software files that were changed from ProUCL version 4.0 (4.00.00) to version 4.0.02 were 
updates in the ProUCL.exe file, and updates to the StatsLib.dll file to produce a more advanced 
ScoutLib.dll file.  Very minor changes were made to this ProUCL 4.00.02 User Guide, including: changes 
to avoid inappropriate user inputs (warnings), changes to the title page, the inclusion of an 
acknowledgement page, and the inclusion of a contact information page. 
 
No changes were made to the ProUCL 4.0 Technical Guide; that is, the ProUCL 4.0 Technical Guide is 
still applicable to the ProUCL 4.00.02 software and User Guide. 
 
 

Contact Information for ProUCL 4.00.002 
 
The ProUCL software is developed under the direction of the Technical Support Center (TSC).  As of 
November 2007, the direction of the TSC is transferred from Brian Schumacher to Felicia Barnett.  
Therefore, any comments or questions concerning ProUCL should be addressed to: 
 
Felicia Barnett, (HSTL)   
US EPA, Region 4 
61 Forsyth Street, S.W. 
Atlanta, GA  30303-8960 
barnett.felicia@epa.gov 
(404) 562-8659 
Fax: (404) 562-8439 
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Executive Summary 
 

Statistical inference, including both estimation and hypotheses testing approaches, is routinely used to:  
 

1. Estimate environmental parameters of interest, such as exposure point concentration 
(EPC) terms, not-to-exceed values, and background level threshold values (BTVs) for 
contaminants of potential concern (COPC),  

2. Identify areas of concern (AOC) at a contaminated site, 
3. Compare contaminant concentrations found at two or more AOCs of a contaminated site,  
4. Compare contaminant concentrations found at an AOC with background or reference 

area contaminant concentrations, and 
5. Compare site concentrations with a cleanup standard to verify the attainment of cleanup 

standards. 
 
Several exposure and risk management and cleanup decisions in support of United States Environmental 
Protection Agency (EPA) projects are often made based upon the mean concentrations of the COPCs. A 
95% upper confidence limit (UCL95) of the unknown population (e.g., an AOC) arithmetic mean (AM), 
μ1, can be used to: 

 
• Estimate the EPC term of the AOC under investigation,  
• Determine the attainment of cleanup standards,  
• Compare site mean concentrations with reference area mean concentrations, and 
• Estimate background level mean contaminant concentrations. The background mean 

contaminant concentration level may be used to compare the mean of an area of concern. 
It should be noted that it is not appropriate to compare individual point-by-point site 
observations with the background mean concentration level. 

 
It is important to compute a reliable and stable UCL95 of the population mean using the available data. 
The UCL95 should approximately provide the 95% coverage for the unknown population mean, μ1. Based 
upon the available background data, it is equally important to compute reliable and stable upper 
percentiles, upper prediction limits (UPLs), or upper tolerance limits (UTLs). These upper limits based 
upon background (or reference) data are used as estimates of BTVs, compliance limits (CL), or not-to-
exceed values. These upper limits are often used in site (point-by-point) versus background comparison 
evaluations.  
 
Environmental scientists often encounter trace level concentrations of COPCs when evaluating sample 
analytical results. Those low level analytical results cannot be measured accurately and, therefore, are 
typically reported as less than one or more detection limit (DL) values (also called nondetects). However, 
practitioners need to obtain reliable estimates of the population mean, µ1, and the population standard 
deviation, σ1, and upper limits including the UCL of the population mass or mean, the UPL, and the UTL 
based upon data sets with nondetect (ND) observations. Additionally, they may have to use hypotheses 
testing approaches to verify the attainment of cleanup standards, and compare site and background 
concentrations of COPCs as mentioned above.  
 
Background evaluation studies, BTVs, and not-to-exceed values should be estimated based upon 
defensible background data sets. The estimated BTVs or not-to-exceed values are then used to identify the 
COPCs, to identify the site AOCs or hot spots, and to compare the contaminant concentrations at a site 
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with background concentrations. The use of appropriate statistical methods and limits for site versus 
background comparisons is based upon the following factors:  

 
o Objective of the study, 
o Environmental medium (e.g., soil, groundwater, sediment, air) of concern, 
o Quantity and quality of the available data, 
o Estimation of a not-to-exceed value or of a mean contaminant concentration, 
o Pre-established or unknown cleanup standards and BTVs, and 
6. Sampling distributions (parametric or nonparametric) of the concentration data sets 

collected from the site and background areas under investigation.  
 
In background versus site comparison evaluations, the environmental population parameters of interest 
may include:  
 

• Preliminary remediation goals (PRGs), 
• Soil screening levels (SSLs), 
• RBC standards, 
• BTVs, not-to-exceed values, and  
• Compliance limit, maximum concentration limit (MCL), or alternative concentration 

limit (ACL), frequently used in groundwater applications. 
 
When the environmental parameters listed above are not known or pre-established, appropriate upper 
statistical limits are used to estimate those parameters. The UPL, UTL, and upper percentiles are used to 
estimate the BTVs and not-to-exceed values. Depending upon the site data availability, point-by-point site 
observations are compared with the estimated (or pre-established) BTVs and not-to-exceed values. If 
enough site and background data are available, two-sample hypotheses testing approaches are used to 
compare site concentrations with background concentrations levels. These statistical methods can also be 
used to compare contaminant concentrations of two site AOCs, surface and subsurface contaminant 
concentrations, or upgradient versus monitoring well contaminant concentrations.  
 
The ProUCL Version 4.0 (ProUCL 4.0) is an upgrade of ProUCL Version 3.0 (EPA, 2004). ProUCL 4.0 
contains statistical methods to address various environmental issues for both full data sets without 
nondetects and for data sets with NDs (also known as left-censored data sets).  
 
ProUCL 4.0 contains: 

 
o Rigorous parametric and nonparametric (including bootstrap methods) statistical methods 

(instead of simple ad hoc or substitution methods) that can be used on full data sets 
without nondetects and on data sets with below detection limit (BDL) or ND 
observations.  

 
2. State-of-the-art parametric and nonparametric UCL, UPL, and UTL computation 

methods. These methods can be used on full-uncensored data sets without nondetects and 
also on data sets with BDL observations. Some of the methods (e.g., Kaplan-Meier 
method, ROS methods) are applicable on left-censored data sets having multiple 
detection limits. The UCL and other upper limit computation methods cover a wide range 
of skewed data sets with and without the BDLs.  
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3. Single sample (e.g., Student’s t-test, sign test, Proportion test, Wilcoxon Singed Rank 
test) and two-sample (Student’s t-test, Wilcoxon-Mann-Whitney test, Gehan test, quantile 
test) parametric and nonparametric hypotheses testing approaches for data sets with and 
without ND observations. These hypothesis testing approaches can be used to: verify the 
attainment of cleanup standards, perform site versus background comparisons, and 
compare two or more AOCs, monitoring wells (MWs).  

 
4. The single sample hypotheses testing approaches are used to compare site mean, site 

median, site proportion, or a site percentile (e.g., 95th) to a compliance limit (action level, 
regularity limit). The hypotheses testing approaches can handle both full-uncensored data 
sets without nondetects, and left-censored data sets with nondetects. Simple two-sample 
hypotheses testing methods to compare two populations are available in ProUCL 4.0, 
such as two-sample t-tests, Wilcoxon-Mann-Whitney (WMW) Rank Sum test, quantile 
test, Gehan’s test, and dispersion test. Variations of hypothesis testing methods (e.g., 
Levene’s method to compare dispersions, generalized WRS test) are easily available in 
most commercial and freely available software packages (e.g., MINITAB, R).  

 
5. ProUCL 4.0 also includes graphical methods (e.g., box plots, multiple Q-Q plots, 

histogram) to compare two or more populations. ProUCL 4.0 can also be used to display 
a box plot of one population (e.g., site data) with compliance limits or upper limits (e.g., 
UPL) of other population (background area) superimposed on the same graph. This kind 
of graph provides a useful visual comparison of site data with a compliance limit or 
BTVs. Graphical displays of a data set (e.g., Q-Q plot) should be used to gain insight 
knowledge contained in a data set that may not otherwise be clear by looking at simple 
test statistics such as t-test, Dixon test statistic, or Shapiro-Wilk (S-W) test statistic. 

 
6. ProUCL 4.0 can process multiple contaminants (variables) simultaneously and has the 

capability of processing data by groups. A valid group column should be included in the 
data file. 

 
7. ProUCL 4.0 provides GOF test for data sets with nondetects. The user can create 

additional columns to store extrapolated (estimated) values for nondetects based upon 
normal ROS, gamma ROS, and lognormal ROS (robust ROS) methods. 

 
ProUCL 4.0 retains all of the capabilities of ProUCL 3.0, including goodness-of-fit (GOF) tests for a 
normal, lognormal, and a gamma distribution and computation of UCLs based upon full data sets without 
nondetects. Graphical displays and GOF tests for data sets with BDL observations have also been 
included in ProUCL 4.0. It is re-emphasized that the computation of appropriate UCLs, UPLs, and other 
limits is based upon the assumption that the data set under study represents a single a single population. 
This means that the data set used to compute the limits should represent a single statistical population. For 
example, a background data set should represent a defensible background data set free of outlying 
observations. ProUCL 4.0 includes simple and commonly used classical outlier identification procedures, 
such as the Dixon test and the Rosner test. These procedures are included as an aid to identify outliers. 
These simple classical outlier tests often suffer from masking effects in the presence of multiple outliers. 
Description and use of robust and resistant outlier procedures is beyond the scope of ProUCL 4.0.  
 
It is suggested that the classical outlier procedures should always be accompanied by graphical displays 
including box plots and Q-Q plots. The use of a Q-Q plot is useful to identify multiple or mixture samples 
that might be present in a data set. However, the decision regarding the proper disposition of outliers (e.g., 
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to include or not to include outliers in statistical analyses; or to collect additional verification samples) 
should be made by members of the project team and experts familiar with site and background conditions. 
Guidance on the disposition of outliers and their accommodation in a data set by using a transformation 
(e.g., lognormal distribution) is discussed in Chapter 1 of this User Guide.  
 
ProUCL 4.0 has improved graphical methods, which may be used to compare the concentrations of two or 
more populations such as:  

 
o Site versus background populations,  
o Surface versus subsurface concentrations,  
o Concentrations of two or more AOCs, and 
o Identification of mixture samples and/or potential outliers 

 
These graphical methods include multiple quantile-quantile (Q-Q) plots, side-by-side box plots, and 
histograms. Whenever possible, it is desirable to supplement statistical results with useful visual displays 
of data sets. There is no substitute for graphical displays of a data set. For example, in addition to 
providing information about the data distribution, a normal Q-Q plot can also help identify outliers and 
multiple populations that may be present in a data set. On a Q-Q plot, observations well separated from 
the majority of the data may represent potential outliers, and jumps and breaks of significant magnitude 
may suggest the presence of observations from multiple populations in the data set. It is suggested that 
analytical outlier tests (e.g., Rosner test) and goodness-of-fit (G.O.F.) tests (e.g., SW test) should always 
be supplemented with the graphical displays such as Q-Q plot and box plot. 
 
ProUCL 4.0 serves as a companion software package for Calculating Upper Confidence Limits for 
Exposure Point Concentrations at Hazardous Waste Sites (EPA, 2002a) and Guidance for Comparing 
Background and Chemical Concentrations in Soil for CERCLA Sites (EPA, 2002b). ProUCL 4.0 is also 
useful to verify the attainment of cleanup standards (EPA, 1989). ProUCL 4.0 can also be used 
to perform two-sample hypotheses tests and to compute various upper limits often needed in 
groundwater monitoring applications (EPA, 1992 and EPA, 2004). 
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Acronyms and Abbreviations 
 

% NDs  Percentage of Nondetect observations 
  
ACL alternative concentration limit  
A-D, AD Anderson-Darling test 
AM arithmetic mean  
AOC area(s) of concern  
  
BC Box-Cox-type transformation 
BCA bias-corrected accelerated bootstrap method  
BDL below detection limit  
BTV background threshold value 
BW Black and White (for printing) 
  
CERCLA Comprehensive Environmental Response, Compensation, and 

Liability Act 
CL compliance limit 
CLT central limit theorem  
CMLE Cohen’s maximum likelihood estimate 
COPC contaminant(s) of potential concern  
CV Coefficient of Variation 
  
DL detection limit  
DL/2 (t) UCL based upon DL/2 method using Student’s t-distribution 

cutoff value 
DL/2 Estimates estimates based upon data set with nondetects replaced by half 

of the respective detection limits 
DQO data quality objective 
  
EA exposure area 
EDF empirical distribution function  
EM expectation maximization  
EPA Environmental Protection Agency  
EPC exposure point concentration 
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FP-ROS (Land) UCL based upon fully parametric ROS method using Land’s H-
statistic  

  
Gamma ROS (Approx.) UCL based upon Gamma ROS method using the gamma 

approximate-UCL method 
Gamma ROS (BCA) UCL based upon Gamma ROS method using the bias-corrected   

accelerated bootstrap method 
GOF, G.O.F. goodness-of-fit  
  
H-UCL UCL based upon Land’s H-statistic 
  
ID identification code 
IQR interquartile range  
  
K Next K, Other K, Future K 
KM (%) UCL based upon Kaplan-Meier estimates using the percentile 

bootstrap method 
KM (Chebyshev) UCL based upon Kaplan-Meier estimates using the Chebyshev 

inequality 
KM (t) UCL based upon Kaplan-Meier estimates using the Student’s t-

distribution cutoff value 
KM (z) UCL based upon Kaplan-Meier estimates using standard normal 

distribution cutoff value 
K-M, KM Kaplan-Meier 
K-S, KS Kolmogorov-Smirnov  
  
LN lognormal distribution 
Log-ROS Estimates estimates based upon data set with extrapolated nondetect values 

obtained using robust ROS method 
  
MAD  Median Absolute Deviation 
Maximum Maximum value 
MCL maximum concentration limit  
Mean classical average value 
Median Median value 
Minimum Minimum value 
MLE maximum likelihood estimate 
MLE (t) UCL based upon maximum likelihood estimates using Student’s 

t-distribution cutoff value 
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MLE (Tiku) UCL based upon maximum likelihood estimates using the 
Tiku’s method 

Multi Q-Q multiple quantile-quantile plot 
MVUE minimum variance unbiased estimate 
ND nondetect or nondetects 
NERL National Exposure Research Laboratory 
NumNDs Number of Nondetects 
NumObs Number of Observations 
  

ORD Office of Research and Development 
  

PRG preliminary remediation goals 
  

Q-Q quantile-quantile  
  

RBC risk-based cleanup  
RCRA Resource Conservation and Recovery Act 
ROS regression on order statistics 
RU remediation unit 
  

S substantial difference 
SD, Sd, sd standard deviation 
SSL soil screening levels 
S-W, SW Shapiro-Wilk  
  

UCL upper confidence limit  
UCL95, 95% UCL 95% upper confidence limit 
UPL upper prediction limit 
UPL95, 95% UPL 95% upper prediction limit 
USEPA United States Environmental Protection Agency  
UTL upper tolerance limit 
  

Variance classical variance  
  

WMW Wilcoxon-Mann-Whitney  
WRS Wilcoxon Rank Sum  
WSR Wilcoxon Signed Rank 
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Introduction 
The Need for ProUCL Software 

Statistical inferences about the sampled populations and their parameters are made based upon defensible 
and representative data sets of appropriate sizes collected from the populations under investigation. 
Statistical inference, including both estimation and hypotheses testing approaches, is routinely used to:  

  
1. Estimate environmental parameters of interest such as exposure point concentration 

(EPC) terms, not-to-exceed values, and background level threshold values (BTVs) for 
contaminants of potential concern (COPC),  

2. Identify areas of concern (AOC) at a contaminated site, 
3. Compare contaminant concentrations found at two or more AOCs of a contaminated site,   
4. Compare contaminant concentrations found at an AOC with background or reference 

area contaminant concentrations,   
5. Compare site concentrations with a cleanup standard to verify the attainment of cleanup 

standards. 
 

Statistical inference about the sampled populations and their parameters are made based upon defensible 
and representative data sets of appropriate sizes collected from the populations under investigation. 
Environmental data sets originated from the Superfund and RCRA sites often consist of observations 
below one or more detection limits (DLs). In order to address the statistical issues arising in: exposure and 
risk assessment applications; background versus site comparison and evaluation studies; and various other 
environmental applications, several graphical, parametric, and nonparametric statistical methods for data 
sets with nondetects and without nondetects have been incorporated in ProUCL 4.0. 
 
Exposure and risk management and cleanup decisions in support of United States Environmental 
Protection Agency (EPA) projects are often made based upon the mean concentrations of the COPCs. A 
95% upper confidence limit (UCL95) of the unknown population (e.g., an AOC) arithmetic mean (AM), 
μ1, can be used to: 
 

• Estimate the EPC term of the AOC under investigation,  
• Determine the attainment of cleanup standards,  
• Compare site mean concentrations with reference area mean concentrations, and 
• Estimate background level mean contaminant concentrations. The background mean contaminant 

concentration level may be used to compare the mean of an AOC. It should be noted that it is not 
appropriate to compare individual point-by-point site observations with the background mean 
concentration level. 

 
It is important to compute a reliable and stable UCL95 of the population mean using the available data. 
The UCL95 should approximately provide the 95% coverage for the unknown population mean, μ1. Based 
upon the available background data, it is equally important to compute reliable and stable upper 
percentiles, upper prediction limits (UPLs), or upper tolerance limits (UTLs). These upper limits based 
upon background (or reference) data are used as estimates of BTVs, compliance limits (CL), or not-to-
exceed values. These upper limits are often used in site (point-by-point) versus background comparison 
evaluations.  
 
Environmental scientists often encounter trace level concentrations of COPCs when evaluating sample 
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analytical results. Those low level analytical results cannot be measured accurately, and therefore are 
typically reported as less than one or more detection limit (DL) values (also called nondetects). However, 
practitioners often need to obtain reliable estimates of the population mean, µ1, the population standard 
deviation, σ1, and upper limits, including the upper confidence limit (UCL) of the population mass or 
mean, the UPL, and the UTL based upon data sets with nondetect (ND) observations. Hypotheses testing 
approaches are often used to verify the attainment of cleanup standards, and compare site and background 
concentrations of COPCs.  

 
Background evaluation studies, BTVs, and not-to-exceed values should be estimated based upon 
defensible background data sets. The estimated BTVs or not-to-exceed values are then used to identify the 
COPCs, to identify the site AOCs or hot spots, and to compare the contaminant concentrations at a site 
with background concentrations. The use of appropriate statistical methods and limits for site versus 
background comparisons is based upon the following factors:  

 
1. Objective of the study, 
2. Environmental medium (e.g., soil, groundwater, sediment, air) of concern, 
3. Quantity and quality of the available data, 
4. Estimation of a not-to-exceed value or of a mean contaminant concentration, 
5. Pre-established or unknown cleanup standards and BTVs, and 
6. Sampling distributions (parametric or nonparametric) of the concentration data sets collected 

from the site and background areas under investigation.  
 

In background versus site comparison evaluations, the environmental population parameters of interest 
may include:  
 

• Preliminary remediation goals (PRGs), 
• Soil screening levels (SSLs), 
• Risk-based cleanup (RBC) standards, 
• BTVs, not-to-exceed values, and  
• Compliance limit, maximum concentration limit (MCL), or alternative concentration limit (ACL), 

frequently used in groundwater applications. 
 
When the environmental parameters listed above are not known or have not been pre-established, 
appropriate upper statistical limits are used to estimate the parameters. The UPL, UTL, and upper 
percentiles are used to estimate the BTVs and not-to-exceed values. Depending upon the site data 
availability, point-by-point site observations are compared with the estimated (or pre-established) BTVs 
and not-to-exceed values. If enough site and background data are available, two-sample hypotheses 
testing approaches are used to compare site concentrations with background concentrations levels. These 
statistical methods can also be used to compare contaminant concentrations of two site AOCs, surface and 
subsurface contaminant concentrations, or upgradient versus monitoring well contaminant concentrations.  

ProUCL 4.0 Capabilities 

ProUCL Version 4.0 (ProUCL 4.0) is an upgrade of ProUCL Version 3.0 (EPA, 2004). ProUCL 4.0 
contains statistical methods to address various environmental issues for both full data sets without 
nondetects and for data sets with NDs (also known as left-censored data sets).  
 
ProUCL 4.0 contains: 
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o Rigorous parametric and nonparametric (including bootstrap methods) statistical methods 
(instead of simple ad hoc or substitution methods) that can be used on full data sets 
without nondetects and on data sets with below detection limit (BDL) or nondetect (ND) 
observations.  

 
o State-of-the-art parametric and nonparametric UCL, UPL, and UTL computation 

methods. These methods can be used on full-uncensored data sets without nondetects and 
also on data sets with BDL observations. Some of the methods (e.g., Kaplan-Meier 
method, ROS methods) are applicable on left-censored data sets having multiple 
detection limits. The UCL and other upper limit computation methods cover a wide range 
of skewed data sets with and without the BDLs.  

 
o Single sample (e.g., Student’s t-test, sign test, proportion test, Wilcoxon Singed Rank 

test) and two-sample (Student’s t-test, Wilcoxon-Mann-Whitney test, Gehan test, quantile 
test) parametric and nonparametric hypotheses testing approaches for data sets with and 
without ND observations. These hypothesis testing approaches can be used to: verify the 
attainment of cleanup standards, perform site versus background comparisons, and 
compare two or more AOCs, monitoring wells (MWs).  

 
o The single sample hypotheses testing approaches are used to compare site mean, site 

median, site proportion, or a site percentile (e.g., 95th) to a compliance limit (action level, 
regularity limit). The hypotheses testing approaches can handle both full-uncensored data 
sets without nondetects, and left-censored data sets with nondetects. Simple two-sample 
hypotheses testing methods to compare two populations are available in ProUCL 4.0, 
such as two-sample t-tests, Wilcoxon-Mann-Whitney (WMW) Rank Sum test, quantile 
test, Gehan’s test, and dispersion test. Variations of hypothesis testing methods (e.g., 
Levene’s method to compare dispersions, generalized WRS test) are easily available in 
most commercial and freely available software packages (e.g., MINITAB, R).  

 
o ProUCL 4.0 includes graphical methods (e.g., box plots, multiple Q-Q plots, histogram) 

to compare two or more populations. Additionally, ProUCL 4.0 can also be used to 
display a box plot of one population (e.g., site data) with compliance limits or upper 
limits (e.g., UPL) of other population (background area) superimposed on the same 
graph. This kind of graph provides a useful visual comparison of site data with a 
compliance limit or BTVs. Graphical displays of a data set (e.g., Q-Q plot) should be 
used to gain insight knowledge contained in a data set that may not otherwise be clear by 
looking at simple test statistics such as t-test, Dixon test statistic, or Shapiro-Wilk (S-W) 
test statistic. 

 
6. ProUCL 4.0 can process multiple contaminants (variables) simultaneously and has the 

capability of processing data by groups. A valid group column should be included in the 
data file. 

 
7. ProUCL 4.0 provides a GOF test for data sets with nondetects. The user can create 

additional columns to store extrapolated (estimated) values for nondetects based upon 
normal ROS, gamma ROS, and lognormal ROS (robust ROS) methods. 
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ProUCL Applications 

The methods incorporated in ProUCL 4.0 can be used on data sets with and without BDL and ND 
observations. Methods and recommendations as incorporated in ProUCL 4.0 are based upon the results 
and findings of the extensive simulation studies as summarized in Singh and Singh (2003), and Singh, 
Maichle, and Lee (EPA, 2006). It is anticipated that ProUCL 4.0 will serve as a companion software 
package for the following EPA documents: 

 
• Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous 

Waste Sites (EPA, 2002a), and  
• The revised Guidance for Comparing Background and Chemical Concentrations in Soil 

for CERCLA Sites (EPA, 2002b). 
 

Methods included in ProUCL 4.0 can be used in various other environmental applications including the 
verification of cleanup standards (EPA, 1989), and computation of upper limits needed in groundwater 
monitoring applications (EPA, 1992 and EPA, 2004). 
 
In 2002, EPA issued guidance for calculating the UCLs of the unknown population means for 
contaminant concentrations at hazardous waste sites. The ProUCL 3.0 software package (EPA, 2004) has 
served as a companion software package for the EPA (2002a) guidance document for calculating UCLs of 
mean contaminant concentrations at hazardous waste sites. ProUCL 3.0 has several parametric and 
nonparametric statistical methods that can be used to compute appropriate UCLs based upon full-
uncensored data sets without any ND observations. ProUCL 4.0 retains the capabilities of ProUCL 3.0, 
including goodness-of-fit (GOF) and the UCL computation methods for data sets without any BDL 
observations. However, ProUCL 4.0 has the additional capability to perform GOF tests and computing 
UCLs and other upper limits based upon data sets with BDL observations. 
 
ProUCL 4.0 defines log-transform (log) as the natural logarithm (ln) to the base e. ProUCL 4.0 also 
computes the maximum likelihood estimates (MLEs) and the minimum variance unbiased estimates 
(MVUEs) of unknown population parameters of normal, lognormal, and gamma distributions. This, of 
course, depends upon the underlying data distribution. ProUCL 4.0 computes the (1 – α)100% UCLs of 
the unknown population mean, μ1, using 5 parametric and 10 nonparametric methods. It should be pointed 
out that ProUCL 4.0 computes the simple summary statistics for detected raw and log-transformed data 
for full data sets without NDs, as well as for data sets with BDL observations. It is noted that estimates of 
mean and sd for data sets with NDs based upon rigorous statistical methods (e.g., MLE, ROS, K-M 
methods) are note provided in the summary statistics. Those estimates and the associated upper limits for 
data sets with NDs are provided under the menu options: Background and UCL.   
 
It is emphasized that throughout this User Guide, and in the ProUCL 4.0 software, it is assumed that one 
is dealing with a single population. If multiple populations (e.g., background and site data mixed together) 
are present, it is recommended to first separate them out (e.g., using appropriate statistical population 
partitioning techniques), and then compute appropriate respective 95% UCLs separately for each of the 
identified populations. Outliers, if any, should be identified and thoroughly investigated. ProUCL 4.0 
provides two commonly used simple classical outlier identification procedures: 1) the Dixon test and 2) 
the Rosner test. Outliers distort most parametric statistics (e.g., mean, UCLs, upper prediction limits 
(UPLs), test statistics) of interest. Moreover, it should be noted that even though outliers might have 
minimal influence on hypotheses testing statistics based upon ranks (e.g., WMW test), outliers do distort 
those nonparametric statistics (including bootstrap methods), which are based upon higher order statistics 
such as UPLs and UTLs. Decisions about the disposition (exclusion or inclusion) of outliers in a data set 
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used to estimate the EPC terms or BTVs should be made by all parties involved (e.g., project team, EPA, 
local agency, potentially responsible party, etc.) in the decision making process.  
 
The presence of outlying observations also distorts statistics based upon bootstrap re-samples. The use of 
higher order values (quantiles) of the distorted statistics for the computation of the UCLs or UPLs based 
upon bootstrap t and Hall’s bootstrap methods may yield unstable and erratic UCL values. This is 
especially true for the upper limits providing higher confidence coefficients such as 95%, 97.5%, or 99%. 
Similar behavior of the bootstrap t UCL is observed for data sets having BDL observations. Therefore, the 
bootstrap t and Hall’s bootstrap methods should be used with caution. It is suggested that the user should 
examine various other UCL results and determine if the UCLs based upon the bootstrap t and Hall’s 
bootstrap methods represent reasonable and reliable UCL values of practical merit. If the results based 
upon these two bootstrap methods are much higher than the rest of methods, then this could be an 
indication of erratic behavior of those bootstrap UCL values, perhaps distorted by outlying observations. 
In case these two bootstrap methods yield erratic and inflated UCLs, the UCL of the mean should be 
computed using the adjusted or the approximate gamma UCL computation method for highly skewed 
gamma distributed data sets of small sizes. Alternatively, one may use a 97.5% or 99% Chebyshev UCL 
to estimate the mean of a highly skewed population. It should be noted that typically, a Chebyshev UCL 
may yield conservative and higher values of the UCLs than other methods available in ProUCL 4.0 This 
is especially true when data are moderately skewed and sample size is large. In such cases, when the 
sample size is large, one may want to use a 95% Chebyshev UCL or a Chebyshev UCL with lower 
confidence coefficient such as 92.5% or 90% as estimate of the population mean.  

ProUCL Methods 

ProUCL 4.0 provides 15 UCL computation methods for full data sets without any BDL observations; 5 
are parametric and 10 are nonparametric methods. The nonparametric methods do not depend upon any 
assumptions about the data distributions. The five parametric UCL computation methods are:  

 
o Student’s t-UCL,  
o Approximate gamma UCL using chi-square approximation, 
o Adjusted gamma UCL (adjusted for level significance),  
o Land’s H-UCL, and  
o Chebyshev inequality-based UCL (using MVUEs of parameters of a lognormal       

distribution).  
 
The 10 nonparametric methods are: 
 

1. The central limit theorem (CLT)-based UCL,  
2. Modified-t statistic (adjusted for skewness)-based UCL,  
3. Adjusted-CLT (adjusted for skewness)-based UCL,  
4. Chebyshev inequality-based UCL (using sample mean and sample standard deviation), 
5. Jackknife method-based UCL,  
6. UCL based upon standard bootstrap,  
7. UCL based upon percentile bootstrap,  
8. UCL based upon bias-corrected accelerated (BCA) bootstrap,  
9. UCL based upon bootstrap t, and  
10. UCL based upon Hall’s bootstrap.  
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Environmental scientists often encounter trace level concentrations of COPCs when evaluating sample 
analytical results. Those low level analytical results cannot be measured accurately, and therefore are 
typically reported as less than one or more DL values. However, the practitioners need to obtain reliable 
estimates of the population mean, µ1, and the population standard deviation, σ1, and upper limits including 
the UCL of the population mass (measure of central tendency) or mean, UPL, and UTL. Several methods 
are available and cited in the environmental literature (Helsel (2005), Singh and Nocerino (2002), Millard 
and Neerchal (2001)) that can be used to estimate the population mean and variance. However, till to date, 
no specific recommendations are available for the use of appropriate methods that can be used to compute 
upper limits (e.g., UCLs, UPLs) based upon data sets with BDL observations. Singh, Maichle, and Lee 
(EPA, 2006) extensively studied the performance of several parametric and nonparametric UCL 
computation methods for data sets with BDL observations. Based upon their results and findings, several 
methods to compute upper limits (UCLs, UPLs, and UTLs) needed to estimate the EPC terms and BTVs 
have been incorporated in ProUCL 4.0. 
 
In 2002, EPA issued another Guidance for Comparing Background and Chemical Concentrations in Soil 
for CERCLA Sites (EPA, 2002b). This EPA (2002b) background guidance document is currently being 
revised to include statistical methods that can be used to estimate the BTVs and not-to-exceed values 
based upon data sets with and without the BDL observations. In background evaluation studies, BTVs, 
compliance limits, or not-to-exceed values often need to be estimated based upon defensible background 
data sets. The estimated BTVs or not-to-exceed values are then used for screening the COPCs, to identify 
the site AOCs or hot spots, and also to determine if the site concentrations (perhaps after a remediation 
activity) are comparable to background concentrations, or are approaching the background level 
concentrations. Individual point-by-point site observations (composite samples preferred) are sometimes 
compared with those not-to-exceed values or BTVs. It should be pointed out that in practice, it is 
preferred to use hypotheses testing approaches to compare site versus background concentrations 
provided enough (e.g., at least 8-10 detected observations from each of the two populations) site and 
background data are available. Chapter 1 provides practical guidance on the minimum sample size 
requirements to estimate and use the BTVs, single and two-sample hypotheses testing approaches to 
perform background evaluations and background versus site comparisons. Chapter 1 also briefly 
discusses the differences in the definitions and uses of the various upper limits as incorporated in ProUCL 
4.0. Detailed discussion of the various methods to estimate the BTVs and other not-to-exceed values for 
full-uncensored data sets (Chapter 5) without any nondetect values and for left-censored data sets 
(Chapter 6) with nondetect values are given in the revised background guidance document. 
 
ProUCL 4.0 includes statistical methods to compute UCLs of the mean, upper limits to estimate the 
BTVs, other not-to-exceed values, and compliance limits based upon data sets with one or more detection 
limits. The use of appropriate statistical methods and limits for exposure and risk assessment, and site 
versus background comparisons, is based upon several factors:  

 
1. Objective of the study;  
2. Environmental medium (e.g., soil, groundwater, sediment, air) of concern;  
3. Quantity and quality of the available data;  
4. Estimation of a not-to-exceed value or of a mean contaminant concentration;  
5. Pre-established or unknown cleanup standards and BTVs; and  
6. Sampling distributions (parametric or nonparametric) of the concentration data sets 

collected from the site and background areas under investigation.  
 

In background versus site comparison studies, the population parameters of interest are typically 
represented by upper threshold limits (e.g., upper percentiles, upper confidence limits of an upper 
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percentile, upper prediction limit) of the background data distribution. It should be noted that the upper 
threshold values are estimated and represented by upper percentiles and other values from the upper tail 
of the background data distribution. These background upper threshold values do not represent measures 
of central tendency such as the mean, the median, or their upper confidence limits. These environmental 
parameters may include:  
 

• Preliminary remediation goals (PRGs), Compliance Limits, 
• Soil screening levels (SSLs), 
• Risk-based cleanup (RBC) standards, 
• BTVs, compliance limits, or not-to-exceed values, and 
• Maximum concentration limit (MCL) or alternative concentration limit (ACL) used in 

Groundwater applications. 
 
When the environmental parameters listed above are not known or pre-established, appropriate upper 
statistical limits are used to estimate those parameters. The UPL, UTL, and upper percentiles are typically 
used to estimate the BTVs, not-to-exceed values, and other parameters listed above. Depending upon the 
availability of site data, point-by-point site observations are compared with the estimated (or pre-
established) BTVs and not-to-exceed values. If enough site and background data are available, two-
sample hypotheses testing approaches (preferred method to compare two populations) are used to 
compare site concentrations with background concentrations levels. The hypotheses testing methods can 
also be used to compare contaminant concentrations of two site AOCs, surface and subsurface 
contaminant concentrations, or upgradient versus monitoring well contaminant concentrations.  

Background versus Site Comparison Evaluations 

The following statistical limits have been incorporated in ProUCL 4.0 to assist in background versus site 
comparison evaluations: 
 
Parametric Limits for Full-Uncensored Data Sets without Nondetect Observations 
 

• UPL for a single observation (Normal, Lognormal) not belonging to the original data set 
• UPL for next k (k is user specified) or k future observations (Normal, Lognormal) 
• UTL, an upper confidence limit of a percentile (Normal, Lognormal) 
• Upper percentiles (Normal, Lognormal, and Gamma) 

 
Nonparametric Limits for Full-Uncensored Data Sets without Nondetect Observations 
 
Nonparametric limits are typically based upon order statistics of a data set such as a background or a 
reference data set. Depending upon the size of the data set, higher order statistics (maximum, second 
largest, third largest, and so on) are used as these upper limits (e.g., UPLs, UTLs). The details of these 
methods with sample size requirements can be found in Chapter 5 of the revised Guidance for Comparing 
Background and Chemical Concentrations in Soil for CERCLA Sites (EPA, 2002b). It should be, noted 
that the following statistics might get distorted by the presence of outliers (if any) in the data set under 
study. 
 

• UPL for a single observation not belonging to the original data set 
• UTL, an upper confidence limit of a percentile 
• Upper percentiles  
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• Upper limit based upon interquartile range (IQR) 
• Upper limits based upon bootstrap methods 

 
For data sets with BDL observations, the following parametric and nonparametric methods to compute 
the upper limits were studied and evaluated by Singh, Maichle, and Lee (EPA, 2006) via Monte Carlo 
Simulation Experiments. Depending upon the performances of those methods, only some of the methods 
have been incorporated in ProUCL 4.0. Methods (e.g., Delta method, DL method, uniform (0, DL) 
generation method) not included in ProUCL 4.0 do not perform well in comparison with other methods.  
 
Note: When the percentage of NDs in a data set is high (e.g., > 40%-50%), especially when multiple 
detection limits might be present, it is hard to reliably perform GOF tests (to determine data distribution) 
on those data sets with many NDs. The uncertainty associated with those GOF tests will be high, 
especially when the data sets are of small sizes (< 10-20). It should also be noted that the parametric 
MLE methods (e.g., for normal and lognormal distributions) often yield unstable estimates of mean and 
sd. This is especially true when the number of nondetects exceeds 40%-50%. In such situations, it is 
preferable to use nonparametric (e.g., KM method) methods to compute statistics of interest such as 
UCLs, UPLs, and UTLs. Nonparametric methods do not require any distributional assumptions about the 
data sets under investigation. Singh, Maichle, and Lee (EPA, 2006) also concluded that the performance 
of the KM estimation method is better (in terms of coverage probabilities) than various other parametric 
estimation (e.g., MLE, EM, ROS) methods.  
 
Parametric Methods to Compute Upper Limits for Data Sets with Nondetect Observations 
 

• Simple substitution (proxy) methods (0, DL/2, DL) 
• MLE method, often known as Cohen’s MLE method – single detection limit 
• Restricted MLE method – single detection limit – not in ProUCL 4.0 
• Expectation maximization (EM) method – single detection limit – not in ProUCL 4.0 
• EPA Delta log method – single detection limit  – not in ProUCL 4.0 
• Regression method on detected data and using slope and intercept of the OLS regression 

line as estimates of standard deviation, sd, and mean (not a recommended method)  
• Robust ROS (regression on order statistics) on log-transformed data – nondetects 

extrapolated (estimated) using robust ROS; mean, sd, UCLs, and other statistics 
computed using the detected and extrapolated data in original scale – multiple detection 
limits 

• Normal ROS – nondetects extrapolated (estimated) using normal distribution, mean, sd, 
UCLs, and other statistics computed using the detected and extrapolated data – multiple 
detection limits.  

• It is noted that the estimated NDs often become negative and even larger than the 
detection limits (not a recommended method) 

• Gamma ROS – nondetects extrapolated (estimated) using gamma distribution, mean, sd, 
UCLs, and other statistics computed using the detected and extrapolated data – multiple 
detection limits 

 
Nonparametric Methods to Compute Upper Limits for Data Sets with Nondetect Observations 
 

• Bootstrap Methods  
o Percentile Bootstrap on robust ROS 
o Percentile Bootstrap 
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o BCA Bootstrap 
o Bootstrap t 

 
• Jackknife Method  

o Jackknife on robust ROS 
 
• Kaplan-Meier (KM) Method 

o Bootstrap (percentile, BCA) using KM estimates 
o Jackknife using KM estimates 
o Chebyshev Method using KM estimates 

 
• Winsorization Method 

 
For uncensored full data sets without any NDs, the performance (in terms of coverage for the mean) of 
the various UCL computation methods was evaluated by Singh and Singh (2003). The performance of the 
parametric and nonparametric UCL methods based upon data sets with nondetect observations was 
studied by Singh, Maichle, and Lee (EPA, 2006). Several of the methods listed above have been 
incorporated in ProUCL 4.0 to compute the estimates of EPC terms (95% UCL), and of BTVs (UPLs, 
UTLs, upper percentiles). Methods that did not perform well (e.g., poor coverage or unrealistically large 
values, infeasible and biased estimates) are not included in ProUCL 4.0. Methods not incorporated in 
ProUCL 4.0 are: EPA Delta Log method, Restricted MLE method, and EM method, substitution method 
(0, and DL), and Regression method.  
 
Note: It should be noted that for data sets with NDs, the DL/2 substitution method has been incorporated 
in ProUCL 4.0 only for historical reasons and also for its current default use. It is well known that the 
DL/2 method (with NDs replaced by DL/2) does not perform well (e.g., Singh, Maichle, and Lee (EPA, 
2006)) even when the percentage of NDs is only 5%-10%. It is strongly suggested to avoid the use of 
DL/2 method for estimation and hypothesis testing approaches used in various environmental 
applications. Also, when the % of NDs becomes high (e.g., > 40%-50%), it is suggested to avoid the use 
of parametric MLE methods. For data sets with high percentage of NDs (e.g., > 40%), the distributional 
assumptions needed to use parametric methods are hard to verify; and those parametric MLE methods 
may yield unstable results. 
 
It should also be noted that even though the lognormal distribution and some statistics based upon 
lognormal assumption (e.g., Robust ROS, DL/2 method) are available in ProUCL 4.0, ProUCL 4.0 does 
not compute MLEs of mean and sd based upon a lognormal distribution. The main reason is that the 
estimates need to be computed in the original scale via back-transformation (Shaarawi, 1989, and Singh, 
Maichle, and Lee (EPA, 2006)). Those back-transformed estimates often suffer from an unknown amount 
of significant bias. Hence, it is also suggested to avoid the use of a lognormal distribution to compute 
MLEs of mean and sd, and associated upper limits, especially UCLs based upon those MLEs obtained 
using a lognormal distribution. 

 
ProUCL 4.0 recommends the use of an appropriate UCL to estimate the EPC terms. It is desirable that the 
user consults with the project team and experts familiar with the site before using those recommendations. 
Furthermore, there does not seem to be a general agreement about the use of an upper limit (e.g., UPL, 
percentile, or UTL) to estimate not-to-exceed values or BTVs to be used for screening of the COPCs and 
in site versus background comparison studies. ProUCL 4.0 can compute both parametric and 
nonparametric upper percentiles, UPLs, and UTLs for uncensored and censored data sets. However, no 
specific recommendations have been made regarding the use of UPLs, UTLs, or upper percentiles to 
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estimate the BTVs, compliance limits, and other related background or reference parameters. However, 
the developers of ProUCL 4.0 prefer the use of UPLs or upper percentiles to estimate the background 
population parameters (e.g., BTVs, not-to-exceed values) that may be needed to perform point-by-point 
site versus background comparisons. 
 
The standard bootstrap and the percentile bootstrap UCL computation methods do not perform well (do 
not provide adequate coverage to population mean) for skewed data sets. For skewed distributions, the 
bootstrap t and Hall’s bootstrap (meant to adjust for skewness) methods do perform better (in terms of 
coverage for the population mean) than the other bootstrap methods. However, it has been noted (e.g., 
Efron and Tibshirani (1993), and Singh, Singh, and Iaci (2002b)) that these two bootstrap methods 
sometimes yield erratic and inflated UCL values (orders of magnitude higher than the other UCLs). This 
may occur when outliers are present in a data set. Similar behavior of the bootstrap t UCL is observed 
based upon data sets with NDs. Therefore, whenever applicable, ProUCL 4.0 provides cautionary 
statements regarding the use of bootstrap methods.  
 
ProUCL 4.0 provides several state-of-the-art parametric and nonparametric UCL, UPL, and UTL 
computation methods that can be used on uncensored data sets (full data sets) and on data sets with BDL 
observations. Some of the methods (e.g., Kaplan-Meier method, ROS methods) incorporated in ProUCL 
4.0 are applicable on left-censored data sets having multiple detection limits. The UCLs and other upper 
limits computation methods in ProUCL 4.0 cover a wide range of skewed data distributions with and 
without the BDLs arising from the environmental applications.  
 
ProUCL 4.0 also has parametric and nonparametric single and two-sample hypotheses testing approaches 
required to: compare site location (e.g., mean, median) to a specified cleanup standard; perform site 
versus background comparisons; or compare of two or more AOCs. These hypotheses testing methods 
can handle both full (uncensored data sets without NDs) and left-censored (with nondetects) data sets. 
Specifically, two-sample tests such as t-test, Wilcoxon Mann-Whitney (WMW) Rank Sum test, quantile 
test, and Gehan’s test are available in ProUCL 4.0 to compare concentrations of two populations. 
 
Single sample parametric (Student’s t-test) and nonparametric (sign test, Wilcoxon Signed Rank (WSR) 
test, tests for proportions and percentiles) hypotheses testing approaches are also available in ProUCL 4.0. 
The single sample hypotheses tests are useful when the environmental parameters such as the clean 
standard, action level, or compliance limits are known, and the objective is to compare site concentrations 
with those known threshold values. Specifically, a t-test (or a sign test) may be used to verify the 
attainment of cleanup levels at an AOC after a remediation activity; and a test for proportion may be used 
to verify if the proportion of exceedances of an action level (or a compliance limit) by sample 
concentrations collected from the AOC (or a MW) exceeds a certain specified proportion (e.g., 1%, 5%, 
10%). As mentioned before, ProUCL 4.0 can perform these hypotheses on data sets with and without 
nondetect observations.  
 
Note: It should be noted that as cited in the literature, some of the hypotheses testing approaches (e.g., 
nonparametric two-sample WMW) deal with the single detection limit scenario. If multiple detection 
limits are present, all NDs below the largest detection limit need to be considered as NDs (Gilbert, 1987, 
and Helsel, 2005). This in turn may reduce the power and increase uncertainty associated with test. As 
mentioned before, it is always desirable to supplement the test statistics and test conclusions with 
graphical displays such as the multiple Q-Q plots and side-by-side box plots. ProUCL 4.0 can graph box 
plots and Q-Q plots for data sets with nondetect observations. Gehan test as available in ProUCL 4.0 
should be used in case multiple detection limits are present. ProUCL 4.0 can draw Q-Q plots and box 
plots for data sets with and without nondetect observations. 
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It should be pointed out that when using two-sample hypotheses approaches (WMW test, Gehan test, and 
quantile test) on data sets with NDs, both samples and variables (e.g., site-As, Back-As) should be 
specified as having nondetects. This means, a ND column (0 = ND, and 1 = detect) should be provided 
for each variable (here D_site-As, and D_Back-As) to be used in this comparison. If a variable (e.g., site-
As) does not have any nondetects, still a column with label D_site-As should be included in the data set 
with all entries = 1 (detected values). 
 
Moreover, in single sample hypotheses tests (e.g., sign test, proportion test) used to compare site 
mean/median concentration level with a cleanup standard, Cs, or compliance limit (e.g., proportion test), 
all NDs (if any) should lie below the cleanup standard, Cs. 

 
The differences between these tests should be noted and understood. Specifically, a t-test or a Wilcoxon 
Signed Rank (WSR) test are used to compare the measures of location and central tendencies (e.g., mean, 
median) of a site area (e.g., AOC) to a cleanup standard, Cs, or action level also representing a measure of 
central tendency (e.g., mean, median); whereas, a proportion test compares if the proportion of site 
observations from an AOC exceeding a compliance limit  (CL) exceeds a specified proportion, P0 (e.g., 
5%, 10%).  The percentile test compares a specified percentile (e.g., 95th) of the site data to a pre-
specified upper threshold (e.g., reporting limit, action level). All of these tests have been incorporated in 
ProUCL 4.0. Most of the single sample and two-sample hypotheses tests also report associated p-values. 
For some of the hypotheses tests (e.g., WMW test, WSR test, proportion test), large sample approximate 
p-values are computed using continuity correction factors.  

Graphical Capabilities 

ProUCL 4.0 has useful exploratory graphical methods that may be used to visually compare the 
concentrations of:  

 
1. A site area of concern (AOC) with an action level. This can be done using a box plot of 

site data with action level superimposed on that graph, 
2. Two or more populations, including site versus background populations, surface versus 

subsurface concentrations, and 
3. Two or more AOCs.  

 
The graphical methods include double and multiple quantile-quantile (Q-Q) plots, side-by-side box plots, 
and histograms. Whenever possible, it is desirable to supplement statistical test results and statistics with 
visual graphical displays of data sets. There is no substitute for graphical displays of a data set as the 
visual displays often provide useful information about a data set, which cannot be revealed by simple test 
statistics such as t-test, SW test, Rosner test, WMW test. For example, in addition to providing 
information about the data distribution, a normal Q-Q plot can also help identify outliers and multiple 
populations that might be present in a data set. This kind of information cannot be revealed by simple test 
statistics such as a Shapiro-Wilk (SW) test or Rosner’s outlier test statistic. Specifically, the SW test may 
lead to the conclusion that a mixture data set (representing two or more populations) can be modeled by a 
normal (or lognormal) distribution, whereas the occurrence of obvious breaks and jumps in the associated 
Q-Q plot may suggest the presence of multiple populations in the mixture data set. It is suggested that the 
user should use exploratory tools to gain necessary insight into a data set and the underlying assumptions 
(e.g., distributional, single population) that may not be revealed by simple test statistics. 
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Note: On a Q-Q plot, observations well separated from the majority of the data may represent potential 
outliers, and obvious jumps and breaks of significant magnitude may suggest the presence of observations 
from multiple populations in the data set. 
 
The analyses of data categorized by a group ID variable such as: 1) Surface vs. Subsurface; 
2) AOC1 vs. AOC2; 3) Site vs. Background; and 4) Upgradient vs. Downgradient monitoring wells are 
quite common in many environmental applications. ProUCL 4.0 offers this option for data sets with and 
without nondetects. The Group Option provides a powerful tool to perform various statistical tests and 
methods (including graphical displays) separately for each of the group (samples from different 
populations) that may be present in a data set. For an example, the same data set may consist of samples 
from the various groups or populations representing site, background, two or more AOCs, surface, 
subsurface, monitoring wells. The graphical displays (e.g., box plots, Q-Q plots) and statistics 
(computations of background statistics, UCLs, hypotheses testing approaches) of interest can be 
computed separately for each group by using this option.  

Technical Guide 

In addition to this User Guide, a Technical document also accompanies ProUCL 4.0, providing useful 
technical details of the graphical and statistical methods as incorporated in ProUCL 4.0. Most of the 
mathematical algorithms and formulas (with references) used in the development of ProUCL 4.0 are 
summarized in the Technical Guide. 

Minimum Hardware Requirements 

• Intel Pentium 1.0 GHz 
• 45 MB of hard drive space 
• 512 MB of memory (RAM) 
• CD-ROM drive 
• Windows 98 or newer.  ProUCL was thoroughly tested on NT-4, Windows 2000, and  

Windows XP Operating Systems (limited testing on Windows ME). 

Software Requirements 

ProUCL 4.0 has been developed in the Microsoft .NET Framework using the C# programming language. 
As such, to properly run ProUCL 4.0, the computer using the program must have the .NET Framework 
pre-installed. The downloadable .NET files can be found at one of the following two Web sites: 
 

• http://msdn.microsoft.com/netframework/downloads/updates/default.aspx  
Note: Download .Net version 1.1 

 
• http://www.microsoft.com/downloads/details.aspx?FamilyId=262D25E3-F589-4842-

8157-034D1E7CF3A3&displaylang=en 
 
The first Web site lists all of the downloadable .NET Framework files, while the second Web site 
provides information about the specific file (s) needed to run ProUCL 4.0. Download times are estimated 
at 57 minutes for a dialup connection (56K), and 13 minutes on a DSL/Cable connection (256K).  
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Installation Instructions 

• Download the file SETUP.EXE from the EPA Web site and save to a temporary location. 
Note: This download is pending release – beta-testers: See text file on CD.  

 
• Run the SETUP.EXE program. This will create a ProUCL directory and two folders:  

1) the USER GUIDE (this document), and 2) DATA (example data sets). 
 
• To run the program, use Windows Explorer to locate the ProUCL application file, and  

double click on it, or use the RUN command from the start menu to locate the 
ProUCL.exe file, and run ProUCL.exe. 

 
• To uninstall the program, use Windows Explorer to locate and delete the ProUCL folder. 

 
Caution: If you have previous versions of the ProUCL, which were installed on your computer, you 
should remove or rename the directory in which earlier ProUCL versions are currently located. 

Getting Started 

The functionality and the use of the methods and options available in ProUCL 4.0 have been illustrated 
using Screen Shots of output screen generated by ProUCL 4.0. ProUCL 4.0 uses a pull-down menu 
structure, similar to a typical Windows program.  
 
The screen below appears when the program is executed.  
 

 

← Main   
     Window Navigation 

Panel  
   ↓ 

← Log Panel 

 
The screen consists of three main window panels: 
 

• The MAIN WINDOW displays data sheets and outputs from the procedure used. 
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• The NAVIGATION PANEL displays the name of data sets and all generated outputs.  
o At present, the navigation panel can hold at most 20 outputs. In order to see more 

files (data files or generated output files), one can click on Widow Option. 
 

• The LOG PANEL displays transactions in green, warnings in orange, and errors in red. 
For an example, when one attempts to run a procedure meant for censored data sets on a 
full-uncensored data set, ProUCL 4.0 will print out a warning message in orange in this 
panel.  

o Should both panels be unnecessary, you can click  or choose Configure ► 
Panel ON/OFF.  

 
The use of this option will give extra space to see and print out the statistics of interest. For an example, 
one may want to turn off these panels when multiple variables (e.g., multiple Q-Q plots) are analyzed and 
GOF statistics and other statistics may need to be captured for all of the variables. 
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Chapter 1 
 

Guidance on the Use of Statistical Methods and Associated 
Minimum Sample Size Requirements  

 
This chapter briefly describes the differences between the various statistical limits (e.g., UCLs, UPLs, 
UTLs) often used to estimate the environmental parameters of interest including exposure point 
concentration (EPC) terms and background threshold values (BTVs). Suggestions are provided about the 
minimum sample size requirements needed to use statistical inferential methods to estimate the 
environmental parameters: EPC terms, BTVs and not-to-exceed values, and to compare site data with 
background data or with some pre-established reference limits (e.g., preliminary remediation goals 
(PRGs), action levels, compliance limits). It is noted that several EPA guidance documents (e.g., EPA 
1997, 2002a, 2006) discuss in details about data quality objectives (DQOs) and sample size 
determinations based upon those DQOs needed for the various statistical methods used in environmental 
applications.  
 
Also, appropriate sample collection methods (e.g., instruments, sample weights, discrete or composite, 
analytical methods) depend upon the medium (e.g., soil, sediment, water) under consideration. For an 
example, Gerlach and Nocerino (EPA, 2003) describe optimal soil sample (based upon Gy theory) 
collection methods. Therefore, the topics of sample size determination based upon DQOs, data validation, 
and appropriate sample collection methods for the various environmental media are not considered in 
ProUCL 4.0 and its associated Technical Guide. It is assumed that data sets to be used in ProUCL are of 
good quality, and whenever possible have been obtained using the guidance provided in various EPA 
(2003, 2006) documents. It is the users’ responsibility to assure that adequate amount of data have been 
collected, and the collected data are of good quality.  

 
Note: In ProUCL 4.0 and its associated guidance documents, emphasis is given on the practical 
applicability and appropriate use of statistical methods needed to address statistical issues arising in risk 
management, background versus site evaluation studies, and various other environmental applications. 
Specifically, guidance on minimum sample size requirements as provided in this chapter is useful when 
data have already been collected, or it is not possible (e.g., due to resource limitations) to collect the 
number of samples obtained using DQO processes as described in EPA (2006).  

 
Decisions based upon statistics obtained using data sets of small sizes (e.g., 4 to 6 detected observations) 
cannot be considered reliable enough to make a remediation decision that affects human health and the 
environment. For an example, a background data set of size 4 to 6 is not large enough to characterize 
background population, to compute BTV values, or to perform background versus site comparisons. In 
order to perform reliable and meaningful statistical inference (estimation and hypothesis testing), one 
should determine the sample sizes that need to be collected from the populations under investigation 
using appropriate DQO processes and decision error rates (EPA, 2006). However, in some cases, it may 
not be possible (e.g., resource constraints) to collect the same number of samples recommended by the 
DQO process. In order to address such cases, minimum sample size requirements for background and site 
data sets are described. 
 
The use of an appropriate statistical method depends upon the environmental parameter(s) being 
estimated or compared. The measures of central tendency (e.g., means, medians, or their upper confidence 
limits (UCLs)) are often used to compare site mean concentrations (e.g., after remediation activity) with a 
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cleanup standard, Cs, representing some central tendency measure of a reference area or other known 
threshold representing a measure of central tendency. The upper threshold values, such as the compliance 
limits (e.g., alternative concentration limit (ACL), maximum concentration limit (MCL)), or not-to-
exceed values, are used when individual point-by-point observations are compared with those not-to-
exceed values or other compliance limit.  It should be noted that depending upon whether the 
environmental parameters (e.g., BTVs, not-to-exceed value, EPC term, cleanup standards) are known or 
unknown, different statistical methods with different data requirements are needed to compare site 
concentrations with pre-established (known) or estimated (unknown) cleanup standards and BTVs.  
 
ProUCL 4.0 has been developed to address issues arising in exposure assessment, risk assessment, and 
background versus site comparison applications. Several upper limits, and single- and two-sample 
hypotheses testing approaches, for both full uncensored and left-censored data sets, are available in 
ProUCL 4.0. The details of the statistical and graphical methods included in ProUCL 4.0 can be found in 
the ProUCL Technical Guidance. In order to make sure that the methods in ProUCL 4.0 are properly 
used, this chapter provides guidance on:  

 
1. analysis of site and background areas and data sets,  
2. collection of discrete or composite samples,  
3. appropriate use of the various upper limits,  
4. guidance regarding minimum sample sizes, 
5. point-by-point comparison of site observations with BTVs, 
6. use of hypotheses testing approaches,  
7. using small data sample sets,   
8. use of maximum detected value, and 
9. discussion of ProUCL usage for special cases.  

 

1.1 Background Data Sets 

The project team familiar with the site should identify and chose a background area. Depending upon the 
site activities and the pollutants, the background area can be site-specific or a general reference area.  An 
appropriate random sample of independent observations should be collected from the background area. A 
defensible background data set should represent a “single” background population (e.g., representing 
pristine site conditions before any of the industrial site activities) free of contaminating observations such 
as outliers. In a background data set, outliers may represent potentially contaminated observations from 
impacted site areas under study or possibly from other polluted site(s). This scenario is common when 
background samples are obtained from the various onsite areas (e.g., large federal facilities). Outlying 
observations should not be included in the estimation (or hypotheses testing procedures) of the BTVs. 
The presence of outliers in the background data set will yield distorted estimates of the BTVs and 
hypothesis testing statistics. The proper disposition of outliers to include or not include them in the data 
set should be decided by the project team.  
 
Decisions based upon distorted statistics can be incorrect, misleading, and expensive. It should be noted 
that the objective is to compute background statistics based upon the majority of the data set representing 
the dominant background population, and not to accommodate a few low probability outliers that may 
also be present in the background data set. A couple of simple classical outlier tests (Dixon and Rosner 
tests) are available in ProUCL 4.0. Since these classical tests suffer from masking effects (e.g., extreme 
outliers may mask the occurrence of other intermediate outliers), it is suggested that these classical outlier 
tests should always be supplemented with graphical displays such as a box plot or a Q-Q plot. The use of 
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robust and resistant outlier identification procedures (Singh and Nocerino, 1995, Rousseeuw and Leroy, 
1987) is recommended when multiple outliers may be present in a data set. Those methods are beyond the 
scope of ProUCL 4.0.  
 
An appropriate background data set of a reasonable size (preferably computed using DQO processes) is 
needed to characterize a background area including computation of upper limits (e.g., estimates of BTVs, 
not-to-exceed values) based upon background data sets and also to compare site and background data sets 
using hypotheses testing approaches. As mentioned before, a small background data set of size 4 to 6 is 
not large enough to compute BTVs or to perform background versus site comparisons. At the minimum, a 
background sample should have at least 8 to 10 (more observations are preferable) detected observations 
to estimate BTVs or to use hypotheses testing approaches. 

1.2 Site Data Sets 

A defensible data set from a site population (e.g., AOC, EA, RU, group of monitoring wells) should be 
representative of the site area under investigation. Depending upon the site areas under investigation, 
different soil depths and soil types may be considered as representing different statistical populations. In 
such cases, background-versus-site comparisons may have to be conducted separately for each of those 
site sub-populations (e.g., surface and sub-surface layers of an AOC, clay and sandy site areas). These 
issues, such as comparing depths and soil types, should also be considered in a planning and sampling 
design before starting to collect samples from the various site areas under investigation. Specifically, the 
availability of an adequate amount of representative site data is required from each of those site sub-
populations defined by sample depths, soil types, and the various other characteristics. For detailed 
guidance on soil sample collections, the reader is referred to Gerlach and Nocerino (EPA (2003)).  
 
The site data collection requirements depend upon the objective of the study. Specifically, in background-
versus-site comparisons, site data are needed to perform: 
 

• Individual point-by-point site observation comparisons with pre-established or estimated 
BTVs, PRGs, cleanup standards, and not-to-exceed-values. Typically, this approach is 
used when only a small number (e.g., < 4 to 6) of detected site observations (preferably 
based upon composite samples) are available which need to be compared with BTVs and 
not-to-exceed values.  

 
• Single sample hypotheses tests to compare site data with pre-established cleanup 

standards, Cs (e.g., representing a measure of central tendency); or with BTVs and not-to-
exceed values (used for tests for proportions and percentiles). The hypotheses testing 
approaches are used when enough site data are available. Specifically, when at least 8 to 
10 detected (more are desirable) site observations are available, it is preferable to use 
hypotheses testing approaches to compare site observations with specified threshold 
values. The use of hypotheses testing approaches can control the two types (Type 1 and 
Type 2) of error rates more efficiently than the point-by-point individual observation 
comparisons. This is especially true as the number of point-by-point comparisons 
increases. This issue is illustrated by the following table summarizing the probabilities of 
exceedances (false positive error rate) of the background threshold value (e.g., 95th 
percentile) by site observations, even when the site and background populations have 
comparable distributions. The probabilities of these chance exceedances increase as the 
sample size increases. 
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 Sample Size            Probability of Exceedance 
1     0.05 
2     0.10 
5     0.23 
8     0.34 
10     0.40 
12     0.46 
64     0.96 

 
• Two-sample hypotheses testing to compare site data distribution with background data 

distribution to determine if the site concentrations are comparable to background 
concentrations. Adequate amount of data need to be made available from the site as well 
as the background populations. It is preferable to collect at least 8 to 10 detected 
observations from each of the population under comparison. 

1.3 Discrete Samples or Composite Samples? 

In a data set (background or site), collected samples should be either all discrete or all composite. In 
general, both discrete and composite site samples may be used for individual point-by-point site 
comparisons with a threshold value, and for single and two-sample hypotheses testing applications.  

 
• If possible, the use of composite site samples is preferred when comparing individual 

point-by-point site observations from an area (e.g., area of concern (AOC), remediation 
unit (RU), exposure area (EA)) with pre-established or estimated BTV, compliance limit 
(CL), or other not-to-exceed value. This comparison approach is useful when few (< 4 to 
6) detected site observations are compared with a pre-established or estimated BTV or 
other not-to-exceed threshold. 

 
• When using a single sample hypothesis testing approach, site data can be obtained by 

collecting all discrete or all composite samples. The hypothesis testing approach is used 
when many (e.g., exceeding 8 to 10) detected site observations are available. Details of 
the single sample hypothesis approaches are widely available in EPA documents (1989, 
1997, and 2006). Selected single sample hypotheses testing procedures are available in 
ProUCL 4.0. 

 
• If a two-sample hypotheses testing approach is used to perform site versus background 

comparisons, then samples from both of the populations should be either all discrete or 
all composite samples. The two-sample hypothesis testing approach is used when many 
(e.g., exceeding 8 to 10) site, as well as background, observations are available. For better 
and more accurate results with higher statistical power, the availability of more 
observations (e.g., exceeding 10-15) from each of the two populations is desirable, 
perhaps based upon an appropriate DQO process, as described in an EPA guidance 
document (2006). 

1.4 Upper Limits and Their Use 

The appropriate computation and use of statistical limits depend upon their applications and the 
parameters (e.g., EPC term, not-to-exceed value) they are supposed to be estimating. Depending upon the 
objective of the study, a pre-specified cleanup standard, Cs, or a risk-based cleanup (RBC) can be viewed 
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as to represent: 1) as average contaminant concentration; or 2) a not-to-exceed upper threshold value. 
These two threshold values, an average value, μ0, and a not-to-exceed value, A0, represent two 
significantly different parameters, and different statistical methods and limits are used to compare the site 
data with these two different parameters or threshold values. Statistical limits, such as an upper 
confidence limit (UCL) of the population mean, an upper prediction limit (UPL) for an independently 
obtained “single” observation, or independently obtained k observations (also called future k 
observations, next k observations, or k different observations), upper percentiles, and upper tolerance 
limits (UTLs), are often used to estimate the environmental parameters, including the EPC terms, 
compliance limits (e.g., ACL, MLC), BTVs, and other not-to-exceed values. Here, UTL95%-95% 
represents a 95% confidence limit of the 95th percentile of the distribution of the contaminant under study. 
 
It is important to understand and note the differences between the uses and numerical values of these 
statistical limits so that they can be properly used. Specifically, the differences between UCLs and UPLs 
(or upper percentiles), and UCLs and UTLs should be clearly understood and acknowledged. A UCL with 
a 95% confidence limit (UCL95) of the mean represents an estimate of the population mean (measure of 
the central tendency of a data distribution), whereas a UPL95, a UTL95%-95%, and an upper 95th 
percentile represent estimates of a threshold value in the upper tail of the data distribution. Therefore, a 
UCL95 should represent a smaller number than an upper percentile or an upper prediction limit. Also, 
since a UTL 95%-95% represents a 95% UCL of the upper 95th percentile, a UTL should be ≥ the 
corresponding UPL95 and the 95th upper percentile. Typically, it is expected that the numerical values of 
these limits should follow the order given as follows: 
 
Sample Mean ≤ UCL95 of Mean ≤ Upper 95th Percentile ≤ UPL95 of a Single Observation ≤ UTL95%-
95%  
 
It should also be pointed out that as the sample size increases, a UCL95 of the mean approaches 
(converges to) the population mean, and a UPL95 approaches the 95th percentile. The differences among 
the various upper limits are further illustrated in Example 1-1 below. It should be noted that, in some 
cases, these limits might not follow the natural order described above. This is especially true when the 
upper limits are computed based upon a lognormal distribution (Singh, Singh, and Engelhardt, 1997). It is 
well known that a lognormal distribution-based H-UCL95 (Land’s UCL95) often yields unstable and 
impractically large UCL values. An H-UCL95 often becomes larger than UPL95 and even larger than a 
UTL 95%-95%. This is especially true when dealing with skewed data sets of smaller sizes. Moreover, it 
should also be noted that in some cases, a H-UCL95 becomes smaller than the sample mean, especially 
when the data are mildly skewed to moderately skewed and the sample size is large (e.g., > 50, 100).  
 
Example 1-1: Consider a simple site-specific background data set associated with a Superfund site. The 
data set (given in Appendix 5 of the revised Guidance for Comparing Background and Chemical 
Concentrations in Soil for CERCLA Sites (EPA, 2002b)) has several inorganic contaminants of potential 
concern, including aluminum, arsenic, chromium, iron, and lead. It is noted that iron concentrations 
follow a normal distribution. Upper limits for the iron data set are summarized in Table 1-1. It is noted 
that the upper limits do follow the order as described above. 
 
Table 1-1. Computation of Upper Limits for Iron (Normally Distributed) 

 

Mean Median Min Max UCL95 
UPL95 for a 
Single 
Observation 

UPL95 for 4 
Observations UTL95/95 95% Upper 

Percentile 

9618 9615 3060 18700 11478 18145 21618 21149 17534 
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A 95% UCL (UCL95) of the mean is the most commonly used limit in environmental applications. For an 
example, a 95% UCL of mean is used as an estimate of the EPC. A UCL95 should not be used to estimate 
a background threshold value (a value in the upper tail of the background data distribution) to be 
compared with individual site observations. There are many instances in background evaluations and 
background versus site comparison studies, when it is not appropriate to use a 95% UCL. Specifically, 
when point-by-point site observations are to be compared with a BTV, then that BTV should be estimated 
(or represented) by a limit from the upper tail of the reference set (background) data distribution.  
 
A brief discussion about the differences between the applications and uses of the various statistical limits 
is provided below. This will assist a typical user in determining which upper limit (e.g., UCL95 or 
UPL95) to use to estimate the parameter of interest (e.g., EPC or BTV). 

 
• A UCL represents an average value that should be compared with a threshold value also 

representing an average value (pre-established or estimated), such as a mean cleanup 
standard, Cs. For an example, a site 95% UCL exceeding a cleanup value, Cs, may lead to 
the conclusion that the cleanup level, Cs, has not been attained by the site area under 
investigation. It should be noted that UCLs of means are typically computed based upon 
the site data set. 

 
• When site averages (and not individual site observations) are compared with a threshold 

value (pre-determined or estimated), such as a PRG or a RBC, or with some other 
cleanup standard, Cs, then that threshold should represent an average value, and not a not-
to-exceed threshold value for individual observation comparisons.  

 
• A UCL represents a “collective” measure of central tendency, and it is not appropriate to 

compare individual site observations with a UCL. Depending upon data availability, 
single or two-sample hypotheses testing approaches are used to compare site averages: 
with a specified or pre-established cleanup standard (single sample hypothesis), or with 
the background population averages (two-sample hypothesis). 

 
• A UPL, an upper percentile, or an UTL represents an upper limit to be used for point-by-

point individual site observation comparisons. UPLs and UTLs are computed based upon 
background data sets, and individual site observations are compared with those limits. A 
site observation for a contaminant exceeding a background UTL or UPL may lead to the 
conclusion that the contaminant is a contaminant of potential concern (COPC) to be 
included in further risk evaluation and risk management studies.  

 
• When individual point-by-point site observations are compared with a threshold value 

(pre-determined or estimated) of a background population or some other threshold and 
compliance limit value, such as a PRG, MLC, or ACL, then that threshold value should 
represent a not-to-exceed value. Such BTVs or not-to-exceed values are often estimated 
by a 95% UPL, UTL 95%-95%, or by an upper percentile. ProUCL 4.0 can be used to 
compute any of these upper limits based upon uncensored data sets as well as data sets 
with nondetect values.  

 
• As the sample size increases, a UCL approaches the sample mean, and a UPL95 

approaches the corresponding 95th upper percentile. 
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• It is pointed out that the developers of ProUCL 4.0 prefer the use of a 95% UPL (UPL95) 
as an estimate of BTV or a not-to-exceed value. As mentioned before, the option of 
comparing individual site observations with a BTV (specified or estimated) should be 
used when few (< 4 to 6) detected site observations (preferably composite values) are to 
be compared with a BTV. 

 
• When enough (e.g., > 8 to 10) detected site observations are available, it is preferred to 

use hypotheses testing approaches. Specifically, single sample hypotheses testing 
(comparing site to a specified threshold) approaches should be used to perform site 
versus a known threshold comparison; and two-sample hypotheses testing (provided 
enough background data are also available) approaches should be used to perform site 
versus background comparison. Several parametric and nonparametric single and two-
sample hypotheses testing approaches are available in ProUCL 4.0. 

 
It is re-emphasized that only averages should be compared with the averages or UCLs, and individual site 
observations should be compared with UPLs, upper percentiles, or UTLs. For an example, the comparison 
of a 95% UCL of one population (e.g., site) with a 90% or 95% upper percentile of another population 
(e.g., background) cannot be considered fair and reasonable as these limits (e.g., UCL and UPL) estimate 
and represent different parameters. It is hard to justify comparing a UCL of one population with a UPL of 
the other population. Conclusions (e.g., site dirty or site clean) derived by comparing UCLs and UPLs, or 
UCLs and upper percentiles as suggested in Wyoming DEQ, Fact Sheet #24 (2005), cannot be considered 
fair and reliable. Specifically, the decision error rates associated with such comparisons can be 
significantly different from the specified (e.g., Type I error = 0.1, Type II error = 0.1) decision errors.  

1.5 Point-by-Point Comparison of Site Observations with BTVs, 
Compliance Limits, and Other Threshold Values 

Point-by-point observation comparison method is used when a small number (e.g., 4 to 6 locations) of 
detected site observations are compared with pre-established or estimated BTVs, screening levels, or 
preliminary remediation goals (PRGs). In this case, individual point-by-point site observations (preferably 
based upon composite samples from various site locations) are compared with estimated or pre-
established background (e.g., USGS values) values, PRGs, or some other not-to-exceed value. Typically, 
a single exceedance of the BTV, PRG, or of a not-to-exceed value by a site (or from a monitoring well) 
observation may be considered as an indication of contamination at the site area under investigation. The 
conclusion of an exceedance by a site value is some times confirmed by re-sampling (taking a few more 
collocated samples) that site location (or a monitoring well) exhibiting contaminant concentration in 
excess of the BTV or PRG. If all collocated (or collected during the same time period) sample 
observations collected from the same site location (or well) exceed the PRG (or MLC) or a not-to-exceed 
value, then it may be concluded that the location (well) requires further investigation (e.g., continuing 
treatment and monitoring) and cleanup.  
 
When BTV contaminant concentrations are not known or pre-established, one has to collect, obtain, or 
extract a data set of an appropriate size that can be considered as representative of the site related 
background. Statistical upper limits are computed using the data set thus obtained, which are used as 
estimates of BTVs and not-to-exceed values. It should be noted that in order to compute reasonably 
reliable and accurate estimates of BTVs and not-to-exceed values based upon a background (or reference) 
data set, enough background observations (minimum of 8 to 10) should be collected, perhaps using an 
appropriate DQO process as described in EPA (2006). Typically, background samples are collected from 
a comparable general reference area or site-specific areas that are known to be free of contamination due 
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to any of the site related activities. Several statistical limits can be used to estimate the BTVs based upon 
a defensible data set of an adequate size. A detailed description of the computation and estimation of 
BTVs is given in Chapter 5 (for uncensored data sets) and in Chapter 6 for data sets with nondetects of 
the revised background guidance document. Once again, the use of this point-by-point comparison 
method is recommended when not many (e.g., < 4 to 6) site observations are to be compared with 
estimated BTVs or PRGs. An exceedance of the estimated BTV by a site value may be considered as an 
indication of the existing or continuing contamination at the site.  
 
Note: When BTVs are not known, it is suggested that at least 8 to 10 (more are preferable) detected 
representative background observations be made available to compute reasonably reliable estimates of 
BTVs and other not-to-exceed values.  
 
The point-by-point comparison method is also useful when quick turnaround comparisons are required. 
Specifically, when the decisions have to be made in real time by a sampling or screening crew, or when 
few detected site samples are available, then individual point-by-point site concentrations are compared 
either with pre-established PRGs, cleanup goals and standards, or with estimated BTVs and not-to-exceed 
values. The crew can use these comparisons to make the following informative decisions:  
 

1. Screen and identify the COPCs,  
2. Identify the polluted site AOCs, 
3. Continue or stop remediation or excavation at a site AOC or a RU, or  
4. Move the cleanup apparatus and crew to the next AOC or RU. 

 
During the screening phase, an exceedance of a compliance limit, action level, a BTV, or a PRG by site 
values for a contaminant may declare that contaminant as a COPC. Those COPCs are then included in 
future site remediation and risk management studies. During the remediation phase, an exceedance of the 
threshold value such as a compliance limit (CL) or a BTV by sample values collected from a site area (or 
a monitoring well (MW)) may declare that site area as a polluted AOC, or a hot spot requiring further 
sampling and cleanup. This comparison method can also be used to verify if the site concentrations (e.g., 
from the base or side walls of an excavated site area) are approaching or meeting PRG, BTV, or a cleanup 
standard after excavation has been conducted at that site area. 
 
If a larger number of detected samples (e.g., greater than 8 to10) are available from the site locations 
representing the site area under investigation (e.g., RU, AOC, EA), then the use of hypotheses testing 
approaches (both single sample and two-sample) is preferred. The use of a hypothesis testing approach 
will control the error rates more tightly and efficiently than the individual point-by-point site observations 
versus BTV comparisons, especially when many site observations are compared with a BTV or a not-to-
exceed value. 

 
Note: In background versus site comparison evaluations, scientists usually prefer the use of hypotheses 
testing approaches to point-by-point site observation comparisons with BTVs or not-to-exceed values. 
Hypotheses testing approaches require the availability of larger data sets from the populations under 
investigation. Both single sample (used when BTVs, not-to-exceed values, compliance limits, or cleanup 
standards are known and pre-established) and two-sample (used when BTVs and compliance limits are 
unknown) hypotheses testing approaches are available in ProUCL 4.0.  
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1.6 Hypothesis Testing Approaches and Their Use 

Both single sample and two-sample hypotheses testing approaches are used to make cleanup decisions at 
polluted sites, and also to compare contaminant concentrations of two (e.g., site versus background) or 
more (several monitoring wells (MWs)) populations. The uses of hypotheses testing approaches in those 
environmental applications are described as follows. 

1.6.1 Single Sample Hypotheses – BTVs and Not-to-Exceed Values are Known                  
(Pre-established) 

When pre-established BTVs and not-to-exceed values are used, such as the USGS background values 
(Shacklette and Boerngen (1984)), thresholds obtained from similar sites, or pre-established not-to-exceed 
values, PRGs, or RBCs, there is no need to extract, establish, or collect a background or reference data 
set. When the BTVs and cleanup standards are known, one-sample hypotheses are used to compare site 
data (provided enough site data are available) with known and pre-established threshold values. It is 
suggested that the project team determine (e.g., using DQO) or decide (depending upon resources) about 
the number of site observations that should be collected and compared with the “pre-established” 
standards before coming to a conclusion about the status (clean or polluted) of the site area (e.g., RU, 
AOC) under investigation. When the number of available detected site samples is less than 4 to 6, one 
might perform point-by-point site observation comparisons with a BTV; and when enough detected site 
observations (> 8 to 10, more are preferable) are available, it is desirable to use single sample hypothesis 
testing approaches.  
 
Depending upon the parameter (e.g., the average value, μ0, or a not-to-exceed value, A0), represented by 
the known threshold value, one can use single sample hypothesis tests for population mean (t-test, sign 
test) or single sample tests for proportions and percentiles. The details of the single sample hypotheses 
testing approaches can be found in EPA (2006) and the Technical Guide for ProUCL 4.0. Several single 
sample tests listed as follows are available in ProUCL 4.0.  
 
One-Sample t-Test: This test is used to compare the site mean, μ, with a specified cleanup standard, Cs, 
where the cleanup standard, Cs, represents an average threshold value, μ0. The Student’s t-test (or a UCL 
of mean) is often used (assuming normality of site data or when site sample size is large such as larger 
than 30, 50) to determine the attainment of cleanup levels at a polluted site after some remediation 
activities. 
 
One-Sample Sign Test or Wilcoxon Signed Rank (WSR) Test: These tests are nonparametric tests and can 
also handle nondetect observations provided all nondetects (e.g., associated detection limits) fall below 
the specified threshold value, Cs. These tests are used to compare the site location (e.g., median, mean) 
with a specified cleanup standard, Cs, representing a similar location measure. 
 
One-Sample Proportion Test or Percentile Test: When a specified cleanup standard, A0, such as a  
PRG or a BTV represents an upper threshold value of a contaminant concentration distribution  
(e.g., not-to-exceed value, compliance limit) rather than the mean threshold value, μ0, of the  
contaminant concentration distribution, then a test for proportion or a test for percentile (or  
equivalently a UTL 95%-95%) can be used to compare site proportion or site percentile with the  
specified threshold or action level, A0. This test can also handle ND observations provided all  
NDs are below the compliance limit. 
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In order to obtain reasonably reliable estimates and test statistics, an adequate amount of representative 
site data (8 to 10 detected observations) is needed to perform the hypotheses tests. As mentioned before, 
in case only a few (e.g., < 4 to 6) detected site observations are available, then point-by-point site 
concentrations may be compared with the specified action level, A0. 

1.6.2 Two-Sample Hypotheses – When BTVs and Not-to-Exceed Values are Unknown 

When BTVs, not-to-exceed values, and other cleanup standards are not available, then site data are 
compared directly with the background data. In such cases, a two-sample hypothesis testing approach can 
be used to perform site versus background comparisons. Note that this approach can be used to compare 
concentrations of any two populations including two different site areas or two different monitoring wells 
(MWs). In order to use and perform a two-sample hypothesis testing approach, enough data should be 
available (collected) from each of the two populations under investigation. Site and background data 
requirements (e.g., based upon DQOs) to perform two-sample hypothesis test approaches are described in 
EPA (1989b, 2006), Breckenridge and Crockett (1995), and the VSP (2005) software package. While 
collecting site and background data, for better representation of populations under investigation, one may 
also want to account for the size of the background area (and site area for site samples) into sample size 
determination. That is, a larger number (> 10 to 15) of representative background (or site) samples should 
be collected from larger background (or site) areas. As mentioned before, every effort should be made to 
collect as many samples as determined using DQO processes as described in EPA documents (2006). 
 
The two-sample (or more) hypotheses approaches are used when the site parameters (e.g., mean, shape, 
distribution) are being compared with the background parameters (e.g., mean, shape, distribution). The 
two-sample hypotheses testing approach is also used when the cleanup standards or screening levels are 
not known a priori, and they need to be estimated based upon a data set from a background or reference 
population. Specifically, two-sample hypotheses testing approaches are used to compare 1) the average 
contaminant concentrations of two or more populations such as the background population and the 
potentially contaminated site areas, or 2) the proportions of site and background observations exceeding a 
pre-established compliance limit, A0. In order to derive reliable conclusions with higher statistical power 
based upon hypothesis testing approaches, enough data (e.g., minimum of 8 to 10 samples) should be 
available from all of the populations under investigation. It is also desirable to supplement statistical 
methods with graphical displays, such as the double Q-Q plots, or side-by-side multiple box plots, as 
available in ProUCL 4.0. Several parametric and nonparametric two-sample hypotheses testing 
approaches, including Student’s t-test, the Wilcoxon-Mann-Whitney (WMW) test, Gehan’s test, and 
quantile test are included in ProUCL 4.0. Details of those methods are described in the ProUCL 4.0 
Technical Guide. It should be noted that the WMW, Gehan, and quantile tests are also available for data 
sets with NDs. Gehan’s test is specifically meant to be used on data sets with multiple detection limits. It 
is also suggested that for best and reliable conclusions, both the WMW and quantile tests should be used 
on the same data set. The details of these two tests with examples are given in EPA (1994, 2006). 
 
The samples collected from the two (or more) populations should all be of the same type obtained using 
similar analytical methods and apparatus. In other words, the collected site and background samples 
should be all discrete or all composite (obtained using the same design and pattern), and be collected from 
the same medium (soil) at similar depths (e.g., all surface samples or all subsurface samples) and time 
(e.g., during the same quarter in groundwater applications) using comparable (preferably same) analytical 
methods. Good sample collection methods and sampling strategies are given in EPA (1996, 2003) 
guidance documents. 
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1.7 Minimum Sample Size Requirements  

Due to resource limitations, it may not be possible (nor needed) to sample the entire population (e.g., 
background area, site area, areas of concern, exposure areas) under study. Statistics is used to draw 
inference(s) about the populations (clean, dirty) and their known or unknown parameters (e.g., 
comparability of population means, not-to-exceed values, upper percentiles, and spreads) based upon 
much smaller data sets (samples) collected from those populations under study. In order to determine and 
establish BTVs, not-to-exceed values, or site-specific screening levels, defensible data set(s) of 
appropriate size(s) needs to be collected from background areas (e.g., site-specific, general reference or 
pristine area, or historical data). The project team and site experts should decide what represents a site 
population and what represents a background population. The project team should determine the 
population size and boundaries based upon all current and future objectives for the data collection. The 
size and area of the population (e.g., a remediation unit, area of concern, or an exposure unit) may be 
determined based upon the potential land use, and other exposure and risk management objectives and 
decisions. Moreover, appropriate effort should be made to properly collect soil samples (e.g., methods 
based upon Gy sampling theory), as described in Gerlach and Nocerino (2003). 
 
Using the collected site and background data sets, statistical methods supplemented with graphical 
displays are used to perform site versus background comparisons. The test results and statistics obtained 
by performing such site versus background comparisons are used to determine if the site and background 
level contaminant concentration are comparable; or if the site concentrations exceed the background 
threshold concentration level; or if an adequate amount of cleanup and remediation approaching the BTV 
or a cleanup level have been performed at polluted areas (e.g., AOC, RU) of the site under study.  
 
In order to perform statistical inference (estimation and hypothesis testing), one needs to determine the 
sample sizes that need to be collected from the populations (e.g., site and background) under investigation 
using appropriate DQO processes (EPA 2006). However, in some cases, it may not be possible to collect 
the same number of samples as determined by using a DQO process. For example, the data might have 
already been collected (often is the case in practice) without using a DQO process, or due to resource 
constraints, it may not be possible to collect as many samples as determined by using a DQO-based 
sample size formula. It is observed that, in practice, the project team and the decision makers may not 
collect enough background samples, perhaps due to various resource constraints. However, every effort 
should be made to collect at least 8 to 10 (more are desirable) background observations before using 
methods as incorporated in ProUCL 4.0. The minimum sample size recommendations as described here 
are useful when resources are limited (as often is the case), and it may not be possible to collect as many 
background and site (e.g., AOC, EU) samples as computed using DQOs and the sample size 
determination formulae given in the EPA (2006). Some minimum sample size requirements are also given 
in Fact Sheet #24, prepared by Wyoming Department of Environmental Quality (June 2005). 
 
As mentioned before, the topics of DQO processes and the sample size determination are described in 
detail in the EPA (2006) guidance document. Therefore, the sample size determination formulae based 
upon DQO processes are not included in ProUCL 4.0 and its Technical Guide. It should be noted that 
DQO-based sample size determination routines are available in DataQUEST (EPA, 1997) and VSP 
(2005) software packages. Guidance and suggestions are provided on the minimum number of 
background and site samples needed to be able to use statistical methods for the computation of upper 
limits, and to perform single sample tests, two-sample tests such as t-test, and the Wilcoxon-Mann-
Whitney (WMW) test. The minimum sample size recommendations (requirements) as described here are 
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made so that reasonably reliable estimates of EPC terms and BTVs, and defensible values of test statistics 
for single or two-sample hypotheses tests (e.g., t-test, WMW test), can be computed.  

1.7.1 Minimum Sample Size for Estimation and Point-by-Point Site Observation Comparisons 

• Point-by-point observation comparison method is used when a small number  (e.g., 4 to 6 
locations) of detected site observations are compared with pre-established or estimated 
BTVs, screening levels, or PRGs. In this case, individual point-by-point site observations 
(preferably based upon composite samples from various site locations) are compared with 
estimated or pre-established background (e.g., USGS values) values, PRGs, or some 
other not-to-exceed value.  

 
• When BTV contaminant concentrations are not known or pre-established, one has to 

collect, obtain, or extract a data set of an appropriate size that can be considered as 
representative of the site related background. Statistical upper limits are computed using 
the data set thus obtained; which are used as estimates of BTVs and not-to-exceed values. 
It should be noted that in order to compute reasonably reliable and accurate estimates of 
BTVs and not-to-exceed values based upon a background (or reference) data set, enough 
background observations (minimum of 8 to 10) should be collected perhaps using an 
appropriate DQO process as described in EPA (2006). Typically, background samples are 
collected from a comparable general reference area or a site-specific area. 

 
• When enough (e.g., > 8 to 10) detected site observations are available, it is preferred to 

use hypotheses testing approaches. Specifically, single sample hypotheses testing 
(comparing site to a specified threshold) approaches should be used to perform site 
versus a known threshold comparison and two-sample hypotheses testing (provided 
enough background data are also available) approaches should be used to perform site 
versus background comparison.  

1.7.2 Minimum Sample Size Requirements for Hypothesis Testing Approaches 

Statistical methods (as in ProUCL 4.0) used to estimate EPC terms, BTVs, PRGs, or to compare the site 
contaminant concentration data distribution with the background data distribution can be computed based 
upon small site and background data sets (e.g., of sizes 3, 4, 5, or 6). However, those statistics cannot be 
considered representative and reliable enough to make important cleanup and remediation decisions. It is 
recommended not to use those statistics to draw cleanup and remediation decisions potentially impacting 
the human health and the environment. It is suggested that the estimation and hypothesis testing methods 
as incorporated in ProUCL 4.0 may not be used on background data sets with fewer than 8 to 10 detected 
observations. Also, when using hypotheses testing approaches, it is suggested that the site and 
background data be obtained using an appropriate DQO process as described in EPA (2006). In case that 
is not possible, it is suggested that the project team at least collect 8 to 10 observations from each of the 
populations (e.g., site area, MWs, background area) under investigation. 
 
Site versus background comparisons and computation of the BTVs depend upon many factors, some of 
which cannot be controlled. These factors include the site conditions, lack of historical information, site 
medium, lack of adequate resources, measurement and analytical errors, and accessibility of the site areas. 
Therefore, whenever possible, it is desirable to use more than one statistical method to perform site versus 
background comparison. The use of statistical methods should always be supplemented with appropriate 
graphical displays. 
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1.8 Sample Sizes for Bootstrap Methods 

Several parametric and nonparametric (including bootstrap methods) UCL, UPL, and other limits 
computation methods for both full-uncensored data sets (without nondetects) and left-censored data sets 
with nondetects are available in ProUCL 4.0. It should be noted that bootstrap resampling methods are 
useful when not too few (e.g., < 10-15) and not too many (e.g., > 500-1000) detected observations are 
available. For bootstrap methods (e.g., percentile method, BCA bootstrap method, bootstrap t method), a 
large number (e.g., 1000, 2000) of bootstrap resamples (with replacement) are drawn from the same data 
set. Therefore, in order to obtain bootstrap resamples with some distinct values (so that statistics can be 
computed from each resample), it is suggested that a bootstrap method should not be used when dealing 
with small data sets of sizes less than 10-15. Also, it is not required to bootstrap a large data set of size 
greater than 500 or 1000; that is when a data set of a large size (e.g., > 1000) is available, there is no need 
to obtain bootstrap resamples to compute statistics of interest (e.g., UCLs). One can simply use a 
statistical method on the original large data set. Moreover, bootstrapping a large data set of size greater 
than 500 or 1000 will be time consuming. 

1.9 Statistical Analyses by a Group ID  

The analyses of data categorized by a group ID variable such as: 1) Surface vs. Subsurface; 
2) AOC1 vs. AOC2; 3) Site vs. Background; and 4) Upgradient vs Downgradient monitoring wells are 
quite common in many environmental applications. ProUCL 4.0 offers this option for data sets with and 
without nondetects. The Group Option provides a powerful tool to perform various statistical tests and 
methods (including graphical displays) separately for each of the group (samples from different 
populations) that may be present in a data set. For an example, the same data set may consist of samples 
from the various groups or populations representing site, background, two or more AOCs, surface, 
subsurface, monitoring wells. The graphical displays (e.g., box plots, Q-Q plots) and statistics 
(computations of background statistics, UCLs, hypotheses testing approaches) of interest can be 
computed separately for each group by using this option.  
 
It should be pointed out that it is the users’ responsibility to provide adequate amount of detected data to 
perform the group operations. For an example, if the user desires to produce a graphical Q-Q plot (using 
only detected data) with regression lines displayed, then there should be at least two detected points (to 
compute slope, intercept, sd) in the data set. Similarly if the graphs are desired for each of the group 
specified by the group ID variable, there should be at least two detected observations in each group 
specified by the group variable. ProUCL 4.0 generates a warning message (in orange color) in the lower 
panel of the ProUCL 4.0 screen. Specifically, the user should make sure that a variable with nondetects 
and categorized by a group variable should have enough detected data in each group to perform the 
various methods (e.g., GOF tests, Q-Q plots with regression lines) as incorporated in ProUCL 4.0. 

1.10 Use of Maximum Detected Values as Estimates of Upper Limits 

Some practitioners tend to use the maximum detected value as an estimate of the EPC term. This is 
especially true when the sample size is small such as ≤ 5, or when a UCL95 exceeds the maximum 
detected values (EPA, 1992b). Also, many times in practice, the BTVs and not-to-exceed values are 
estimated by the maximum detected value. This section discusses the appropriateness of using the 
maximum detected value as estimates of the EPC term, BTVs, or other nor-to-exceed values.   
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1.10.1 Use of Maximum Detected Values to Estimate BTVs and Not-to-Exceed Values 

It is noted that BTVs and not-to-exceed values represent upper threshold values in the upper tail of a data 
distribution; therefore, depending upon the data distribution and sample size, the BTVs and other not-to-
exceed values may be estimated by the maximum detected value. As described earlier, upper limits, such 
as UPLs, UTLs, and upper percentiles, are used to estimate the BTVs and not-to-exceed values. It is noted 
that a nonparametric UPL or UTL is often estimated by higher order statistics such as the maximum value 
or the second largest value (EPA 1992a, RCRA Guidance Addendum). The use of higher order statistics 
to estimate the UTLs depends upon the sample size. For an example: 1) 59 to 92 samples, a 
nonparametric UTL95%-95 is given by the maximum detected value; 2) 93 to 123 samples, a 
nonparametric UTL95%-95 is given by the second largest maximum detected value; and 3) 124 to 152 
samples, a UTL95%-95 is given by the third largest detected value in the sample.  
 
Note: Therefore, when a data set does not follow a discernable distribution, the maximum observed value 
(or other high order statistics) may be used as an estimate of BTV or a not-to-exceed value, provided the 
maximum value does not represent an outlier or a contaminating observation perhaps representing a hot 
location.  

1.10.2 Use of Maximum Detected Values to Estimate EPC Terms 

Some practitioners tend to use the maximum detected value as an estimate of the EPC term. This is 
especially true when the sample size is small such as ≤ 5, or when a UCL95 exceeds the maximum 
detected values (EPA, 1992b). Specifically, a RAGS document (EPA, 1992) suggests the use of the 
maximum detected value as a default value to estimate the EPC term when a 95% UCL (e.g., the H-UCL) 
exceeded the maximum value.  ProUCL 4.0 can compute a 95% UCL of mean using several methods 
based upon normal, Gamma, lognormal, and non-discernable distributions. In past (e.g., EPA, 1992b), 
only two methods were used to estimate the EPC term based upon: 1) Student’s t-statistic and a normal 
distribution, and 2) Land’s H-statistic (1975) and a lognormal model. The use of H-statistic often yields 
unstable and impractically large UCL95 of the mean (Singh, Singh, and Iaci, 2002). For skewed data sets 
of smaller sizes (e.g., < 30, < 50), H-UCL often exceeds the maximum detected value. This is especially 
true when extreme high outliers may be present in the data set. Since the use of a lognormal distribution 
has been quite common (e.g., suggested as a default model in a RAGS document (EPA, 1992)), the 
exceedance of the maximum detected value by H-UCL95 is frequent for many skewed data sets of 
smaller sizes (e.g., < 30, < 50). It is also be noted that for highly skewed data sets, the sample mean 
indeed can even exceed the upper 90%, 95%, etc., percentiles, and consequently, a 95% UCL of mean can 
exceed the maximum observed value of a data set.  
 
All of these occurrences result in the possibility of using the maximum detected value as an estimate of 
the EPC term. It should be pointed out that in some cases, the maximum observed value actually might 
represent a highly polluted outlying observation. Obviously, it is not desirable to use a highly polluted 
value as an estimate of average exposure (EPC term) for an exposure area. This is especially true when 
one is dealing with lognormally distributed data sets of small sizes. As mentioned before, for such highly 
skewed data sets that cannot be modeled by a gamma distribution, a 95% UCL of the mean should be 
computed using an appropriate distribution-free nonparametric method.  
  
It should be pointed out that the EPC term represents the average exposure contracted by an individual 
over an exposure area (EA) during a long period of time; therefore, the EPC term should be estimated by 
using an average value (such as an appropriate 95% UCL of the mean) and not by the maximum observed 
concentration. One needs to compute an average exposure and not the maximum exposure. It is unlikely 
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that an individual will visit the location (e.g., in an EA) of the maximum detected value all of the time. 
One can argue that the use of this practice results in a conservative (higher) estimate of the EPC term. The 
objective is to compute an accurate estimate of the EPC term. Several other methods (instead of H-UCL) 
as described in EPA (2002), and included in ProUCL 4.0 (EPA 2007), are available to estimate the EPC 
terms. It is unlikely (but possible with outliers) that the UCLs based upon those methods will exceed the 
maximum detected value, unless some outliers are present in the data set. ProUCL 4.0 displays a warning 
message when the recommended 95% UCL (e.g., Hall’s or bootstrap t UCL with outliers) of the mean 
exceeds the observed maximum concentration. When a 95% UCL does exceed the maximum observed 
value, ProUCL4.0 recommends the use of an alternative UCL computation method based upon the 
Chebyshev inequality. The detailed recommendations (as functions of sample size and skewness) for the 
use of those UCLs are summarized in ProUCL 3.0 User Guide (EPA, 2004).   
 
Singh and Singh (2003) studied the performance of the max test (using the maximum observed value as 
an estimate of the EPC term) via Monte Carlo simulation experiments. They noted that for skewed data 
sets of small sizes (e.g., < 10-20), the max test does not provide the specified 95% coverage to the 
population mean, and for larger data sets, it overestimates the EPC term, which may require unnecessary 
further remediation. The use of the maximum value as an estimate of the EPC term also ignores most 
(except for maximum value) of the information contained in the data set. With the availability of so many 
UCL computation methods (15 of them), the developers of ProUCL 4.0 do not recommend using the 
maximum observed value as an estimate of the EPC term representing an average exposure by an 
individual over an EA. Also, for the distributions considered, the maximum value is not a sufficient 
statistic for the unknown population mean.  
 
Note: It is recommended that the maximum observed value NOT be used as an estimate of the EPC term 
representing average exposure contracted by an individual over an EA. For the sake of interested users, 
ProUCL displays a warning message when the recommended 95% UCL (e.g., Hall’s bootstrap UCL etc.) 
of the mean exceeds the observed maximum concentration. For such scenarios (when a 95% UCL does 
exceed the maximum observed value), an alternative 95% UCL computation method is recommended by 
ProUCL 4.0. 

1.10.3 Samples with Nondetect Observations 

Nondetect observations (or less than obvious values) are inevitable in most environmental data sets. 
Singh, Maichle, and Lee (EPA, 2006) studied the performances (in terms of coverages) of the various 
UCL95 computation methods including the simple substitution methods (such as the DL/2 and DL 
methods) for data sets with nondetect observations. They concluded that the UCLs obtained using the 
substitution methods, including the replacement of nondetects by respective DL/2, do not perform well 
even when the percentage of nondetect observations is low, such as 5%-10%. They recommended 
avoiding the use of substitution methods to compute UCL95 based upon data sets with nondetect 
observations. 

1.10.4 Avoid the Use of DL/2 Method to Compute UCL95 

Based upon the results of the report by Singh, Maichle, and Lee (EPA, 2006), it is strongly recommended 
to avoid the use of the DL/2 method to perform GOF test, and to compute the summary statistics and 
various other limits (e.g., UCL, UPL) often used to estimate the EPC terms and BTVs. Until recently, the 
DL/2 method has been the most commonly used method to compute the various statistics of interest for 
data sets with BDL observations. The main reason of its common use has been the lack of the availability 
of other defensible methods and associated programs that can be used to estimate the various 
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environmental parameters of interest. Today, several other methods (e.g., KM method, bootstrap 
methods) with better performances are available that can be used to compute the various upper limits of 
interest. Some of those parametric and nonparametric methods are available in ProUCL 4.0. Even though 
the DL/2 method (to compute UCLs, UPLs, and for goodness-of-fit test) has also been incorporated in 
ProUCL 4.0, its use is not recommended due to its poor performance. The DL/2 method is included in 
ProUCL 4.0 only for historical reasons as it had been the most commonly used and recommended method 
until recently (EPA, 2006). Some of the reviewers of ProUCL 4.0 suggested and requested the inclusion 
of DL/2 method in ProUCL for comparison purposes. 
 
Note: The DL/2 method has been incorporated in ProUCL 4.0 for historical reasons only. NERL-EPA, 
Las Vegas strongly recommends avoiding the use of DL/2 method even when the percentage (%) of NDs 
is as low as 5%-10%. There are other methods available in ProUCL 4.0 that should be used to compute 
the various summary statistics and upper limits based upon data sets with multiple detection limits.  

1.10.5 Samples with Low Frequency of Detection 

When all of the sampled data values are reported as nondetects, the EPC term should also be reported as a 
nondetect value, perhaps by the maximum reporting limit (RL) or maximum RL/2. Statistics (e.g., 
UCL95) computed based upon only a few detected values (e.g., < 4 to 6) cannot be considered reliable 
enough to estimate the EPC terms having potential impact on the human heath and the environment. 
When the number of detected data is small, it is preferable to use simple ad hoc methods rather than using 
statistical methods to compute the EPC terms and other upper limits. Specifically, it is suggested that in 
cases when the detection frequency is low (e.g., < 4%-5%) and the number of detected observations is 
low, the project team and the decision makers together should make a decision on site-specific basis on 
how to estimate the average exposure (EPC term) for the contaminant and area under consideration. For 
such data sets with low detection frequencies, other measures such as the median or mode represent better 
estimates (with lesser uncertainty) of the population measure of central tendency.  
 
Additionally, it is also suggested that when most (e.g., > %95) of the observations for a contaminant lie 
below the detection limit(s) or reporting limits (RLs), the sample median or the sample mode (rather than 
the sample average which cannot be computed accurately) may be used as an estimate the EPC term. Note 
that when the majority of the data are nondetects, the median and the mode will also be a nondetect. The 
uncertainty associated with such estimates will be high. It is noted that the statistical properties, such as 
the bias, accuracy, and precision of such estimates, would remain unknown. In order to be able to 
compute defensible estimates, it is always desirable to collect more samples.  
 
Note: In case the number of available detected samples is small (< 5), it is suggested that the project 
team decide about the estimation of the EPC term on site-specific basis. For such small data sets with 
very few detected values (< 5), the final decision (“policy decision”) on how to estimate the EPC term 
should be determined by the project team and decision makers. 

1.11 Other Applications of Methods in ProUCL 4.0  

In addition to performing background versus site comparisons for CERCLA and RCRA sites, and 
estimating the EPC terms in exposure and risk evaluation studies, the statistical methods as incorporated 
in ProUCL 4.0 can be used to address other issues dealing with environmental investigations that are 
conducted at Superfund or RCRA sites.  
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1.11.1 Identification of COPCs 

Risk assessors and RPMs often use screening levels or BTVs to identify the COPCs during the screening 
phase of a cleanup project to be conducted at a contaminated site. The screening for the COPCs is 
performed prior to any characterization and remediation activities that may have to be conducted at the 
site under investigation. This comparison is performed to screen out those contaminants that may be 
present in the site medium of interest at low levels (e.g., at or below the background levels or pre-
established screening levels) and may not pose any threat and concern to human health and the 
environment. Those contaminants may be eliminated from all future site investigations, and risk 
assessment and risk management studies.  
 
In order to identify the COPCs, point-by-point site observations (preferably composite samples) are 
compared with pre-established screening levels, SSL, or estimated BTVs. This is especially true when the 
comparisons of site concentrations with screening levels or BTVs are conducted in real time by the 
sampling or cleanup crew right there in the site field. The project team should decide about the type of 
site samples (discrete or composite) and the number of detected site observations (not more than 4 to 6) 
that should be collected and compared with the screening levels or the BTVs. In case BTVs, screening 
levels, or not-to-exceed values are not known, the availability of a defensible background or reference 
data set of reasonable size (e.g., > 8 to 10, more are preferable) is required to obtain reliable estimates of 
BTVs and screening levels. When a reasonable number of detected site observations are available, it is 
preferable to use hypotheses testing approaches. The contaminants with concentrations exceeding the 
respective screening values or BTVs may be considered as COPCs, whereas contaminants with 
concentrations (in all collected samples) lower than the screening value, PRG, or an estimated BTV may 
be omitted from all future evaluations including the risk assessment and risk management investigations. 

1.11.2 Identification of Non-Compliance Monitoring Wells  

In monitoring well (MW) compliance assessment applications, individual (often discrete) contaminant 
concentrations from a MW are compared with pre-established ACL, MCL, or an estimated compliance 
limit (CL) based upon a group of upgradient wells representing the background population. An 
exceedance of the MCL or the BTV by a MW concentration may be considered as an indication of 
contamination in that MW. In such individual concentration comparisons, the presence of contamination 
(determined by an exceedance) may have to be confirmed by re-sampling from that MW. If 
concentrations of contaminants in both the original sample and the re-sample(s) exceed the MCL or BTV, 
then that MW may require closer scrutiny, perhaps triggering the remediation remedies as determined by 
the project team. If the concentration data from a MW for about 4 to 5 continuous quarters (or another 
designated time period determined by the project team) are below the MCL or BTV level, then that MW 
may be considered as complying with (achieving) the pre-established or estimated standards. Statistical 
methods as described in Chapters 5 and 6 of the revised background guidance document (EPA, 2002b) 
can be used to estimate the not-to-exceed values or BTVs based upon background or upgradient wells in 
case the ACLs or MCLs are not pre-determined. 

1.11.3 Verification of the Attainment of Cleanup Standards, Cs 

Hypothesis testing approaches may be used to verify the attainment of the cleanup standard, Cs, at 
polluted site areas of concern after conducting remediation and cleanup at the site AOC (EPA, 2006). In 
order to properly address this scenario, a site data set of adequate size (minimum of 8 to 10 detected site 
observations) needs to be made available from the remediated or excavated areas of the site under 
investigation. The sample size should also account for the size of the remediated site area; meaning that 
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larger site areas should be sampled more (with more observations) to obtain a representative sample of the 
site under investigation.  
 
Typically, the null hypothesis of interest is H0: Site Mean, μs >= Cs versus the alternative hypothesis, H1: 
Site Mean, μs < Cs, where the cleanup standard, Cs, is known a priori. The sample size needed to perform 
such single sample hypotheses tests can be obtained using the DQO process-based sample size formula as 
given in the EPA (2006) documents. In any case, in order to use this test, a minimum of 8 to 10 detected 
site samples should be collected. The details of statistical methods used to perform single sample 
hypothesis as described above can be found in EPA (2006). 

1.11.4 Using BTVs (Upper Limits) to Identify Hot Spots 

The use of upper limits (e.g., UTLs) to identify hot spot(s) has also been mentioned in the Guidance for 
Comparing Background and Chemical Concentrations in Soil for CERCLA Sites (EPA, 2002b). Point-by-
point site observations (preferably using composite samples representing a site location) are compared 
with a pre-established or estimated BTV. Exceedances of the BTV by site observations may be 
considered as representing locations with elevated concentrations (hot spots). Chapters 5 and 6 of the 
revised background guidance document (EPA, 2002b) describe several methods to estimate the BTVs 
based upon full data sets without nondetects and left-censored data sets with nondetect observations. 
 
The rest of the chapters of this User Guide illustrate the use of the various procedures as incorporated in 
ProUCL 4.0. Those methods are useful to analyze environmental data sets with and without the nondetect 
observations. It is noted that ProUCL 4.0 is the first software package equipped with single sample and 
two-sample hypotheses testing approaches that can be used on data sets with nondetect observations.  
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Chapter 2 
 

Entering and Manipulating Data 
2.1 Creating a New Data Set 

By simply executing the ProUCL 4.0, a new worksheet is generated and displayed for the user to enter 
data.  

To create a new worksheet: click  or choose File ► New 

2.2 Opening an Existing Data Set 

If your data sets are stored in the ProUCL data format (*.wst), then click  or choose File ► Open 
 

• If your data sets are stored in the Microsoft Excel format (*.xls), then choose File ► 
Other Files… ►Import Excel…   OR   File ► Load Excel Data 

 

 
 

• Possible Error Messages: 
 

o When you import an Excel file, make sure that you have an empty worksheet. If there 
is no empty worksheet, then you must create a new worksheet before importing an 
Excel file. Otherwise, there will be an error message in the Log Panel: “[Error] 
Worksheet must be empty.”   

o First open a new worksheet and then import the Excel file.  
o Make sure that the file you trying to import is not currently open. Otherwise, there 

will be the following warning message in the Log panel: 
o “[Information] Unable to open C:\***.xls.” Check the validity of this file. 
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2.3 Input File Format  

 
• Note that ProUCL 4.0 does not require that data in each column must end with a nonzero 

value (ProUCL 3.0 requires this). Therefore, all zero values (in the beginning, middle, or 
end of data columns) are treated as valid zero values as part of the data set. 

 
• The program can read Excel files. The user can perform typical Cut, Paste, and Copy 

operations. 
 

• The first row in all input data files consist of alphanumeric (strings of numbers and 
characters) names representing the header row. Those header names may represent 
meaningful variable names such as Arsenic, Chromium, Lead, Group-ID, and so on.  

 
o The Group-ID column has the labels for the groups (e.g., Background, AOC1, 

AOC2, 1, 2, 3, a, b, c, Site 1, Site 2, and so on) that might be present in the data set. 
The alphanumeric strings (e.g., Surface, Sub-surface) can be used to label the various 
groups.  

o The data file can have multiple variables (columns) with unequal number of       
observations. 

o Except for the header row and columns representing the group labels, only numerical 
values should appear in all other columns.  

o All alphanumeric strings and characters (e.g., blank, other characters, and strings), 
and all other values (that do not meet the requirements above) in the data file are 
treated as missing values. 

o Also, a large value denoted by 1E31 (= 1x1031) can be used to represent missing data 
values. All entries with this value are ignored from the computations. These values 
are counted under number of missing values. 

2.4 Number Precision  

• You may turn “Full Precision” on or off by choosing Configure ► Full Precision 
On/OFF 

 

 
 
• By leaving “Full Precision” turned off, ProUCL will display numerical values using an 

appropriate (default) decimal digit option. However, by turning “Full Precision” off, all 
decimal values will be rounded to the nearest thousandths place. 

 
• “Full Precision” on option is specifically useful when one is dealing with data sets 

consisting of small numerical values (e.g., < 1) resulting in small values of the various 
estimates and test statistics. These values may become so small with several leading zeros 
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(e.g., 0.00007332) after the decimal. In such situations, on may want to use “Full 
Precision” option to see nonzero values after the decimal.  

 
Note: For the purpose of this User Guide, unless noted otherwise, all examples have been described 
using the “Full Precision” off option. This option prints out results up to 3 significant digits after the 
decimal. 

2.5 Entering and Changing a Header Name  

1. Highlight the column whose header name (variable name) you want to change by clicking either 
the column number or the header as shown below. 

 

 
 

2. Right-click and then click “Header Name” 
 

 
 
3. Change the Header Name. 
 

 
 
 
4. Click the OK button to get the following output with the changed variable name. 
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2.6 Saving Files 

 
• Save option allows the user to save the active window.  
 
• Save As option allows the user to save the active window. This option follows typical  

Windows standards, and saves the active window to a file in Excel 95 (or higher) format. 
All modified/edited data files, and output screens (excluding graphical displays) 
generated by the software can be saved as Excel 95 (or higher) spreadsheet. 

2.7 Editing 

Click on the Edit menu item to reveal the following drop-down options. 
 

 
 
The following Edit drop-down menu options are available: 
 

• Cut option: similar to a standard Windows Edit option, such as in Excel. It performs 
standard edit functions on selected highlighted data (similar to a buffer). 

 
• Copy option: similar to a standard Windows Edit option, such as in Excel. It performs  
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typical edit functions on selected highlighted data (similar to a buffer). 
 
• Paste option: similar to a standard Windows Edit option, such as in Excel. It performs  

typical edit functions of pasting the selected (highlighted) data to the designated  
spreadsheet cells or area.   

 
• It should be noted that the Edit option could also be used to Copy Graphs. This topic 

(copying and pasting graphs) is illustrated in detail in Chapter 13. 

2.8 Handling Nondetect Observations 

• ProUCL 4.0 can handle data sets with single and multiple detection limits. 
 
• For a variable with nondetect observations (e.g., arsenic), the detected values, and the 

numerical values of the associated detection limits (for less than values) are entered in the 
appropriate column associated with that variable.  

 
• Specifically, the data for variables with nondetect values are provided in two columns. 

One column consists of the detected numerical values with less than (< DLi) values 
entered as the corresponding detection limits (or reporting limits), and the second column 
represents their detection status consisting of only 0 (for less than values) and 1 (for 
detected values) values. The name of the corresponding variable representing the 
detection status should start with d_, or D_ (not case sensitive) and the variable name. 
The detection status column with variable name starting with a D_ (or a d_) should have 
only two values: 0 for nondetect values, and 1 for detected observations.  

 
• For an example, the header name, D_Arsenic is used for the variable, Arsenic having 

nondetect observations. The variable D_Arsenic contains a 1 if the corresponding Arsenic 
value represents a detected entry, and contains a 0 if the corresponding entry for variable, 
Arsenic, represents a nondetect. An example data set illustrating these points is given as 
follows. 
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2.9 Caution 

• Care should be taken to avoid any misrepresentation of detected and nondetected values. 
Specifically, it is advised not to have any missing values (blanks, characters) in the 
D_column (detection status column). If a missing value is located in the D_ column (and 
not in the associated variable column), the corresponding value in the variable column is 
treated as a nondetect, even if this might not have been the intention of the user.  

 
• It is mandatory that the user makes sure that only a 1 or a 0 are entered in the detection 

status D_column. If a value other than a 0 or a 1 is entered in the D_ column (the 
detection column), results may become unreliable, as the software defaults to any number 
other than 0 or 1 as a nondetect value.  

 
• When computing statistics for full data sets without any nondetect values, the user should 

select only those variables (from the list of available variables) that contain no nondetect 
observations. Specifically, nondetect values found in a column chosen for the summary 
statistics (full-uncensored data set) will be treated as a detected value; whatever value 
(e.g., detection limit) is entered in that column will be used to compute summary 
statistics for a full-uncensored data set without any nondetect values.  

 
• Two-Sample Hypotheses: It should be noted that at present, when using two-sample 

hypotheses approaches (WMW test, Gehan test, and quantile test) on data sets with NDs, 
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both samples or variables (e.g., site-As, Back-As) should be specified as having 
nondetects, even though one of the variables may not have any ND observations. This 
means, a ND column (with 0 = ND, and 1 = detect) should be provided for each variable 
(here D_site-As, and D_Back-As) to be used in this comparison. If a variable (e.g., site-
As) does not have any nondetects, still a column with label D_site-As should be included 
in the data set with all entries = 1 (detected values). 

 
• The following sample (not from a Superfund site) data set given on the next page 

illustrates points related to this option and issues listed above. The data set considered 
contains some nondetect measurements for Arsenic and Mercury. It should also be noted 
that the Mercury concentrations are used to illustrate the points related to nondetect 
observations only. Arsenic and Zinc concentrations are used to illustrate the use of the 
group variable, Group (Surface, Subsurface). 

 
• If for mercury, one computes summary statistics (assuming no nondetect values) using 

“Full” data set option, then all nondetect values (with “0” entries in D_Mercury column) 
will be treated as detected values, and summary statistics will be computed accordingly. 

2.10 Summary Statistics for Data Sets with Nondetect Observations 

• In order to compute simple summary statistics or to compute other statistics of interest 
(e.g., background statistics, GOF test, UCLs, outliers) for variables with nondetect 
values, one should choose the nondetect option, “With NDs” from the various available 
menu options such as Outliers, Background Statistics, UCLs, Goodness-of-Fit test, Q-Q 
plot, Box Plot.  

 
• It should be noted that “summary” statistics for a data set with nondetect observations 

represent (at least in ProUCL 4.0) simple summary statistics based upon the data set 
without using nondetect observations. All other parametric and nonparametric statistics 
and estimates of population mean, variance, percentiles (e.g., MLEs, KM, and ROS 
estimates) for variables with nondetect observations are given in other menu options such 
as background statistics and UCL. The simple “Summary Statistics/With NDs” option 
only provides simple statistics (e.g., % NDs, max ND, Min ND, and Mean of detected 
values) based upon detected values. These statistics (e.g., sd of log-transformed detected 
values) may help a user to determine the degree of skewness (e.g., mild, moderate, high) 
of the data set consisting of detected values. These statistics may also help the user to 
choose the most appropriate method (e.g., KM (BCA) UCL or KM (t) UCL) to compute 
UCLs, UPLs, and other limits. 

 
• As mentioned before, various other statistics and estimates of interest (e.g., mean, sd, 

UCLs, UTLs, MLEs, and KM estimates) for data sets with nondetect observations are 
computed in other the menu options (UCLs, Outliers, Background Statistics, GOF tests) 
available in ProUCL 4.0.  
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2.11 Warning Messages and Recommendations for Datasets with 
Insufficient Amount of Data  

 
• ProUCL 4.0 provides some warning messages and recommendations for datasets with 

insufficient amount of data to calculate meaningful estimates and statistics of interest. For 
an example, it is not desirable to compute an estimate the EPC term based upon a data set 
of size less than 5, especially when nondetects may be present in the data set. In such 
cases, it is suggested to use site specific values (perhaps determined by the Project Team) 
to estimate environmental parameters (e.g., EPC term, not-to-exceed background value) 
of interest. 

 
• Some examples of datasets with insufficient amount of data include datasets with less 

than 4 distinct observations, datasets with only one detected observation, and datasets 
consisting of all nondetects. 

 
• Some of the warning messages given by ProUCL 4.0 are shown below. 
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2.12 Handling Missing Values 

• ProUCL 4.0 can handle missing values within a data set. 
 
• All blanks, alphanumeric strings (except for group variables), or the specific large 

number value 1e31 are considered as missing values.  
 

• A group variable (representing two or more groups, populations, AOCs, MWs) can have 
alphanumeric values (e.g., MW1, MW2, ...).  

 
• ProUCL 4.0 ignores all missing values in all mathematical operations it performs. 

Missing values are therefore not treated as being part of a data set.  
 

• Number of Valid Samples or Number of Valid Observations represents the Total Number 
of Observations less the Number of Missing Values. If there are missing values, then 
number of valid samples = total number of observations. 

 
Valid Samples = Total Number of Observations – Missing Values. 
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• It is important to note, however, that if a missing value not meant (e.g., a blank, or 1e31) 
to represent a group category is present in a “Group” variable, ProUCL 4.0 will treat that 
blank value (or 1e31 value) as a new group. Any variable that corresponds to this missing 
value will be treated as part of a new group and not with any existing groups. It is 
therefore very important to check the consistency and validity of all data sets before 
performing complex mathematical operations.  

 
• ProUCL 4.0 prints out the number of missing values (if any) associated with each 

variable in the data sheet. This information is provided in several output sheets (e.g., 
summary statistics, background statistics, UCLs) generated by ProUCL 4.0. 

 
For further clarification of labeling of missing values, the following example illustrates the terminology 
used for the number of valid samples, number of unique and distinct samples on the various output sheets 
generated by ProUCL 4.0.  
 
Example: The following example illustrates the notion of Valid Samples, Unique or Distinct Samples, 
and Missing Values. The data set also has nondetect values. ProUCL 4.0 computes these numbers and 
prints them on the UCLs and background statistics output. 
 

x   D_x 
2   1 
4   1 
2.3   1 
1.2   0 
w34  0 
1.0E+031 0 
   0 
anm  0 
34   1 
23   1 
0.5   0 
0.5   0 
2.3   1 
2.3   1 
2.3   1 
34   1 
73   1 

 
Valid Samples: Represents the total number of observations (censored and uncensored) excluding the 
missing values. If a data set has no missing value, then the total number of data points equals number of 
valid samples. 
 
Missing Values: All values not representing a real numerical number are considered as missing values. 
Specifically, all alphanumeric values including blanks are considered as missing values. Also unrealistic 
big numbers such as 1.0e31 are also considered as missing values and are considered as not valid 
observations. 
 
Unique or Distinct Samples: The number of unique samples or number of distinct samples represents all 
unique (or distinct) detected values. Number of unique or distinct values is computed for detected values 
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only. This number is especially useful when using bootstrap methods. As well known, it is not desirable 
and advisable to use bootstrap methods, when the number of unique samples is less than 4-5.  

2.13 User Graphic Display Modification  

Advanced users are provided two sets of tools to modify graphics displays. A graphics tool bar is 
available above the graphics display and the user can right-click on the desired object within the graphics 
display, and a drop-down menu will appear. The user can select an item from the drop-down menu list by 
clicking on that item. This will allow the user to make desired modifications as available for the selected 
menu item. An illustration is given as follows. 

2.13.1 Graphics Tool Bar 

 
 
The user can change fonts, font sizes, vertical and horizontal axis’s, select new colors for the various 
features and text. All these actions are generally used to modify the appearance of the graphic display. 
The user is cautioned that these tools can be unforgiving and may put the user in a situation where the 
user cannot go back to the original display. Users are on their own in exploring the robustness of these 
tools. Therefore, less experienced users may want to stay away from using these drop-down menu graphic 
tools.  

2.13.2 Drop-Down Menu Graphics Tools 

These tools allow the user to move the mouse to a specific graphic item like an Axis Label or a display 
feature. The user then right-clicks their mouse and a drop-down menu will appear. This menu presents the 
user with available options for that particular control or graphic object. There is less of chance of making 
an unrecoverable error but that risk is always present. As a cautionary note, the user can always delete the 
graphics window and redraw the graphical displays by repeating their operations from the datasheet and 
menu options available in ProUCL 4.0. An example of a drop-down menu obtained by right-clicking the 
mouse on the background area of the graphics display is given as follows. 
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Chapter 3 
 

Select Variables Screen 
3.1 Select Variables Screen 

• Variables need to be selected to perform statistical analyses. 
 
• When the user clicks on a drop-down menu for a statistical procedure, the following 

window will appear.  
 

 
 

• The Options button is available in certain menus. The use of this option leads to a 
different pop-up window.  

 
• Multiple variables can be processed simultaneously in ProUCL 4.0. Note that this option 

was not available in ProUCL 3.0. ProUCL 4.0 can generate graphs, compute UCLs, and 
background statistics simultaneously for all selected variables. 

 
• Moreover, if the user wants to perform statistical analysis on a variable (e.g., 

contaminant) by a Group variable, click the arrow below the Group by variable to get a 
drop-down list of available variables to select an appropriate group variable. For an 
example, a group variable (e.g., Site Area) can have alphanumeric values such as AOC1, 
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AOC2, AOC3, and Background. Thus in this example, the group variable name, Site 
Area, takes four values such as AOC1, AOC2, AOC3, and Background. 

 
• The Group variable is particularly useful when data from two or more samples need to be 

compared. 
 

• Any variable can be a group variable. However, for meaningful results, only a variable, 
that really represents a group variable (categories) should be selected as a group variable. 

 
• The number of observations in the group variable and the number observations in the 

selected variables (to be used in a statistical procedure) should be the same. In the 
example below, the variable “Mercury” is not selected because the number of 
observations for Mercury is 30; in other words mercury values have not been grouped. 
The group variable and each of the selected variables have 20 data values.  

 

 
 

• It is recommended not to assign any missing value such as a “Blank” for the group 
variable. If there is a missing value (represented by blanks, strings or 1E31) for a group 
variable, ProUCL 4.0 will treat those missing values as a new group. As such, data values 
corresponding to the missing Group will be assigned to a new group.  

 
Caution: Once again, care should be taken to avoid misrepresentation and improper use of group 
variables. It is recommended not to assign any missing value for the group variable. 
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More on Group Option  
 

• The Group Option provides a powerful tool to perform various statistical tests and 
methods (including graphical displays) separately for each of the group (samples from 
different populations) that may be present in a data set. For an example, the same data set 
may consist of samples from the various groups (populations). The graphical displays 
(e.g., box plots, Q-Q plots) and statistics of interest can be computed separately for each 
group by using this option. 

 
• In order to use this option, at least one group variable (with alphanumeric values) should 

be included in the data set. The various values of the group variable represent different 
group categories that may be present in the data set. This can be seen in the example.wst 
data set used earlier in Chapter 2. 

 
• At this time, the number of values (representing group membership) in a Group variable 

should equal to the number of values in the variable (e.g., Arsenic) of interest that needs 
to be partitioned into various groups (e.g., monitoring wells). 

 
• Typically, the data for the various groups (categorized by the group variable) represent 

data from the various site areas (e.g., background, AOC1, AOC2, ...), or from monitoring 
wells (e.g., MW1, MW2, …).  

3.1.1 Graphs by Groups 

• Individual or multiple graphs (Q-Q plots, box plots, and histograms) can be displayed on 
a graph by selecting the “Graphs by Groups” option. 

 
• Individual graph for each group (specified by the selected group variable) is produced by 

selecting the “Individual Graph” option. 
 

• Multiple graphs (e.g., side-by-side box plots, multiple Q-Q plots on the same graph) are 
produced by selecting the “Group Graph” option for a variable categorized by a group 
variable. Using this “Group Graph” option, multiple graphs can be displayed for all sub-
groups included in the Group variable. This option is useful when data to be compared 
are given in the same column and are classified by the group variable.  

 
• Multiple graphs (e.g., side-by-side box plots, multiple Q-Q plots) for selected variables 

are produced by selecting the “Group Graph” option. Using the “Group Graph” option, 
multiple graphs can be displayed for all selected variables. This option is useful when 
data (e.g., lead) to be compared are given in different columns, perhaps representing 
different populations.  

 
Note: It should be noted that it is the users’ responsibility to provide adequate amount of detected data to 
perform the group operations. For an example, if the user desires to produce a graphical Q-Q plot (using 
only detected data) with regression lines displayed, then there should be at least two detected points (to 
compute slope, intercept, sd) in the data set. Similarly if the graphs are desired for each of the group 
specified by the group ID variable, there should be at least two detected observations in each group 
specified by the group variable. ProUCL 4.0 generates a warning message (in orange color) in the lower 
panel of the ProUCL 4.0 screen. Specifically, the user should make sure that a variable with nondetects 
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and categorized by a group variable should have enough detected data in each group to perform the 
various methods (e.g., GOF tests, Q-Q plots with regression lines) as incorporated in ProUCL 4.0. 
 
As mentioned before, the analyses of data categorized by a group ID variable such as:  
1) Surface vs. Subsurface; 2) AOC1 vs. AOC2; 3) Site vs. Background; and 4) Upgradient vs. 
Downgradient monitoring wells are quite common in many environmental applications.  
 
The usefulness of the group option is illustrated throughout the User Guide using various methods as 
incorporated in ProUCL 4.0. 

49 



Chapter 4 
 

Summary Statistics 
 

This option is used to compute general summary statistics for all variables in the data file. Summary 
statistics can be generated for full data sets without nondetect observations, and for data sets with 
nondetect observations. Two Menu options: Full and With NDs are available. 
 

• Full – This option computes summary statistics for all variables in a data set without any 
nondetect values. 

 
• With NDs – This option computes simple summary statistics for all variables in a data set 

that have nondetect (ND) observations. For variables with ND observations, only simple 
summary statistics are computed based upon detected observations only.  
o For this option, no attempt is made to compute estimates of population parameters 

(e.g., mean, sd, SE) using parametric (e.g., MLE) or nonparametric (e.g., KM, 
bootstrap) estimation methods. Those statistics are generated in other estimation 
modules (e.g., Background and UCL) of ProUCL 4.0. 
 

Each menu option (Full and With NDs) has two sub-menu options: 
 

• Raw Statistics  
 
• Log-Transformed   

 
• In ProUCL, log-transformation means natural logarithm (ln) 

 
• When computing summary statistics for raw data, a message will be displayed for each 

variable that contains non-numeric values. 
 

• The Summary Statistics option computes log-transformed data only if all of the data 
values for the selected variable(s) are positive real numbers. A message will be displayed 
if non-numeric characters, zero, or negative values are found in the column 
corresponding to the selected variable.  

4.1 Summary Statistics with Full Data Sets 

1. Click Summary Statistics ► Full 
 

 
 
2. Select either Log-Transformed or Raw Statistics option. 
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3. The Select Variables Screen (see Chapter 3) will appear.  
 

• Select one or more variables from the Select Variables screen. 
 
• If summary statistics are to be computed by a Group variable, then select a group variable 

by clicking the arrow below the Group by variable button. This will result in drop-down 
list of available variables, and select the proper group variable.  

 
• Click on the OK button to continue or on the Cancel button to cancel the Summary 

Statistic option. 
 

Raw Statistics 
 

 
 
Log-Transformed Statistics 
 

 
 
4. The resulting Summary Statistics screen as shown above can be saved as an Excel file. Click 

Save from the file menu.  
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5. On the output screen, the following summary statistics are displayed for each selected variable in 
the ta

 
tions 

alue 

 
e  

ion 
te of variability, population standard deviation, σ 

Kurtosis = Kurtosis statistic 

The details of these summary statistics are described in an EPA (2006) guidance document and also in the 
Pr . Singh (EPA, 2007). 

1. Click Summary Statistics ► With NDs 
 

da  file.  

 NumObs = Number of Observa
 Minimum = Minimum value 
 Maximum = Maximum v
 Mean = Sample average value 

Median = Median value 
 Variance = Classical sample varianc

SD = Classical sample standard deviation 
 MAD = Median absolute deviat

MAD/0.675 = Robust estima
 Skewness = Skewness statistic 
 
 CV = Coefficient of Variation 
 

oUCL Technical Guide (A. Singh and A.K

4.2 Summary Statistics with NDs 

 
 

 

3. r.  
 

 

 
t a group variable 

by clicking the arrow below the Group by variable button. This will result in a drop-

 
• Click on the OK button to continue or on the Cancel button to cancel the summary 

2. Select either Log-Transformed or Raw Statistics option.
 

The Select Variables Screen (Chapter 3) will appea

• Select variable(s) from the list of variables. 

• Only those variables that have nondetect values will be shown.  

• If summary statistics are to be computed by a Group variable, then selec

down list of available variables; then select the proper group variable.  

statistics operations. 
 
Note: It should be noted that in ProUCL 4.0, “Summary Statistics” for a data set with nondetect 
observations represent simple summary statistics based upon the data set without using nondetect 
observations. All other parametric and nonparametric statistics and estimates of population mean, 
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variance, percentiles (e.g., MLEs, KM, and ROS estimates) for variables with nondetect observations 
given in other estimation menu options such as background statistics and UCL. The simple “Summary 
Statistics/With NDs” option only provides simple statistics (e.g., % NDs, max ND, Min ND, Mean of 
detected values) based upon detected values. These statistics (e.g., sd of log-transformed detected values
may help a user to determine the degree of skewness (e.g., mild, moderate, hi

are 

) 
gh) of the data set consisting 

f detected values. These statistics may also help the user to choose the most appropriate method (e.g., 
) to compute UCLs, UPLs, and other limits. 

Raw Statistics – Data Set with NDs 
 

o
KM (BCA) UCL or KM (t) UCL
 

 
 
Log-Transformed Statistics – Data Set with NDs 
 

 
 
 

 The Summary Statistics screen shown above can be saved as an Excel file. Click the save 

• On the results screen, the following summary statistics are displayed for each selected 
variable from the data file.  

 

•
from the file menu.  
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Num Obs = Number of Observations 
 NumNDs = Number of Nondetects 

tect observations 

 alue 

 
ation  

/0.675 = Robust estimate of variability (standard deviation) 
CV = Coefficient of Variation 

  
 

 

 % NDs = Percentage of Nonde
 Minimum = Minimum value 

Maximum = Maximum v
 Mean = Sample average value 

Median = Median value 
SD = Classical sample standard deviation 
MAD = Median Absolute Devi
MAD
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Chapter 5 
 

Estimating Nondetects Using ROS Methods 
 

Regression on order statistics (ROS) can be used to extrapolate nondetect observations using a normal, 
lognormal, or gamma model. ProUCL 4.0 has three ROS estimation methods that can be used to estimate 
or extrapolate nondetect observations. The use of this option generates additional columns consisting of 
all extrapolated nondetects and detected observations. These columns are appended to the existing open 
spreadsheet. The user should save the updated file if they want to use the generated data for their other 
application(s). 
 
1.   Click ROS Est. NDs ► Gamma ROS 
 

 
 
2.   The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen. 
 

 
 

• Click on the OK button to continue or on the Cancel button to cancel the option. 
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Output Screen for ROS Est. NDs (Gamma) Option 
 

 
 
Note: Columns with similar naming convention are generated for each selected variable and distribution 
using this ROS option.  
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Chapter 6 
 

Graphical Methods (Graph) 
 

Three commonly used graphical displays are available under the Graphs option: 
 

o Box Plot 
o Histogram  
o Multi-QQ 

 
• The box plots and multiple Q-Q plots can be used for Full data sets without nondetects 

and also for data sets with nondetect values.  
 
• Three options are available to draw Q-Q plots with nondetect (ND) observations. 

Specifically, Q-Q plots are displayed only for detected values, or with NDs replaced by ½ 
DL values, or with NDs replaced by the respective detection limits. The statistics 
displayed on a Q-Q plot (mean, sd, slope, intercept) are computed according to the 
method used. The NDs are displayed using the smaller font and in red color.  

 
• ProUCL 4.0 can display box plots for data sets with NDs. This kind of graph may not be 

very useful when many NDs may be present in a data set.  
 

o A few choices are available to construct box plots for data sets with NDs. For an 
example, some texts (e.g., Helsel) display box plots only for the detected 
observations. Specifically, all nondetects below the largest detection limit (DL), and 
portion of the box plot (if any) below the largest DL are not shown on the box plot. A 
horizontal line is displayed at the largest detection limit level.  

o ProUCL 4.0 constructs a box plot using all detected and nondetect (using DL values) 
values. ProUCL 4.0 shows the full box plot. However, a horizontal line is displayed 
at the largest detection limit. 

 
• When multiple variables are selected, one can choose to: 1) produce a multiple graphs on 

the same display by choosing the Graph by group variable option, or 2) produce separate 
graphs for each selected variable.  

 
• The Graph by group variable option produces side-by-side box plots, or multiple Q-Q 

plots, or histograms for the groups of the selected variable representing samples obtained 
from multiple populations (groups). These multiple graphs are particularly useful to 
perform two (background versus site) or more sample visual comparisons. 

 
o Additionally, Box Plot has an optional feature, which can be used to draw lines at 

statistical (e.g., upper limits of background data set) limits computed from one 
population on the box plot obtained using the data from another population (a site 
area of concern). This type of box plot represents a useful visual comparison of site 
data with background threshold values (background upper limits).  

o Up to four (4) statistics can be added (drawn) on a box plot. If the user inputs a value 
in the value column, the check box in that row will get activated. For example, the 
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user may want to draw horizontal lines at 80th percentile, 90th percentile, 95th 
percentile, or a 95% UPL) on a box plot.  

6.1 Box Plot 

1.  Click Graphs ► Box Plot 
 

 
 
2.   The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select an appropriate variable representing a 
group variable.  

 
• When the Group by variable button is clicked, the following window is shown.  
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• The default option for Graph by Groups is Individual Graphs. This option will 
produce one graph for each selected variable. If you want to put all the selected variables 
into a single graph, then select the Group Graphs option. This Group Graphs option is 
used when multiple graphs categorized by a Group variable have to be produced on the 
same graph. 

 
• The default option for Graphical Display Options is Color Gradient. If you want to use 

and import graphs in black and white into a document or report, then check the radio 
button next to For Export (BW Printers). 

 
• Click on the OK button to continue or on the Cancel button to cancel the Box Plot (or 

other selected graphical) option. 
 

Box Plot Output Screen (Single Graph) 
Selected options: Label (Background UPL), Value (103.85), Individual Graphs, and Color Gradient. 
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Box Plot Output Screen (Group Graphs) 
Selected options: Group Graphs and Color Gradient. 
 

 

6.2 Histogram 

1. Click Graphs ► Histogram 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable.  

 
• When that option button is clicked, the following window will be shown.  
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• The default selection for Graph by Groups is Individual Graphs. This option produces 
a histogram (or other graphs) separately for each selected variable. If multiple graphs or 
graphs by groups are desired, then check the radio button next to Group Graphs. 

 
• The default option for Graphical Display Options is Color Gradient. If you want to use 

and import graphs in black and white into a document or report, then check the radio 
button next to For Export (BW Printers). 

 
• Click on the OK button to continue or on the Cancel button to cancel the Histogram (or 

other selected graphical) option. 
 
Histogram Output Screen 
Selected options: Group Graphs and Color Gradient. 
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6.3 Multi-QQ  

6.3.1 Multi-QQ (Full) 

1. Click Graphs ► Multi-QQ 
 
2. Multi-QQ can be obtained for data sets with (With NDs) and without NDs (Full). 

 
• When that option button is clicked, the following window will be shown.  

 

 
 

3. Select either Full or With NDs. 
 
4. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable.  

 
• When the Group by variable option button is clicked, the following window will appear.  
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• The default option for Display Regression Lines is Do Not Display. If you want to see 

regression lines on graphs, then check the radio button next to Display Regression 
Lines. 

 
• The default option for Graphical Display Options is Color Gradient. If you want to see 

the graphs in black and white, then check the radio button next to For Export (BW 
Printers). 

 
• Click on the OK button to continue or on the Cancel button to cancel the selected Multi- 

QQ option. 
 
Note: For Multi-QQ plot option, for both “Full” as well as for data sets “With NDs,” the values along 
the horizontal axis represent quantiles of a standardized normal distribution (Normal distribution with 
mean 0 and standard deviation 1). Quantiles for other distributions (e.g., Gamma distribution) are used 
when using Goodness-of-Fit (GOF) test option. 
 
Output Screen for Multi-QQ (Full)  
Selected options: Group Graph, Do Not Display Regression Lines, and Color Gradient. 
 

 

6.3.2 Multi-QQ (with NDs) 

1. Click Graphs ► Multi-QQ 
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2. Select With NDs option by clicking on it. 
 
3. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable.  

 
• When the Group by variable option button is clicked, the following screen appears.  

 

 
 

• The default option for Display Regression Lines is Do Not Display. If you want to see 
regression lines, then check the radio button next to Display Regression Lines. 

 
• The default option for Display Nondetects is Display Nondetect Values.  

 
o Do not Display Nondetects: Selection of this option excludes the NDs detects and 

plots only detected values on the associated Q-Q plot. The statistics are computed 
using only detected data. 

o Display Nondetect Values: Selection of this option treats detection limits as detected 
values and plots those detection limits and detected values on the Q-Q plot. The 
statistics are computed accordingly. 
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o Display ½ Nondetect Values: Selection of this option replaces the detection limits 
with their half values, and plots half detection limits and detected values on the Q-Q 
plot. The statistics are computed accordingly. 

 
• The default option for Graphical Display Options is Color Gradient. If you want to see 

the graphs in black and white, then check the radio button next to For Export (BW 
Printers). 

 
• Click on the OK button to continue or on the Cancel button to cancel the Multi-QQ 

option.  
 

Output Screen for Multi-QQ (without NDs) 
Options: Do Not Display Regression Lines, Do not display Nondetects, and Color Gradient. 
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Output Screen for Multi-QQ (with NDs) 
Options: Do not Display Regression Line, Display Nondetect Values, and Color Gradient. 
 

 
 
Note: The legend size of nondetect values is smaller than that of the detected values and is shown in red. 
The legend size is made smaller for BW printers. 
 
Output Screen for Multi-QQ (with NDs) 
Selected options: Do not Display Regression Lines, Display ½ Nondetect Values, and Color Gradient. 
 

 
 
Note: The legend size of nondetect values is smaller than that of the detected values and is shown in red. 
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Chapter 7 
 

Simple Classical Outlier Tests 
 

Outliers are inevitable in data sets originating from environmental applications. There are many graphical 
(Q-Q plots, Box plots), classical (Dixon, Rosner, Welch), and robust methods (biweight, Huber, PROP) 
available to identify outliers. It is well known that the classical outlier tests (e.g., Dixon test, Rosen test, 
EPA, 2006) suffer from masking (e.g., extreme outliers may mask intermediate outliers) effects. The use 
of robust outlier identification procedures is recommended to identify multiple outliers, especially when 
dealing with multivariate (having multiple contaminants) data sets. However, those preferred and more 
effective robust outlier identification methods are beyond the scope of ProUCL 4.0. Several robust outlier 
identification methods (e.g., based upon biweight, Huber, and PROP influence functions) are available in 
the Scout software package (EPA, 1999).  
 
The two simple classical outlier tests (often cited in environmental literature): Dixon and Rosner tests are 
available in ProUCL 4.0. These tests can be used on data sets with and without nondetect observations. 
These tests also require the assumption of normality of the data set without the outliers. It should be noted 
that in environmental applications, one of the objectives is to identify high outlying observations that 
might be present in the right tail of a data distribution as those observations often represent contaminated 
locations of a polluted site. Therefore, for data sets with nondetects, two options are available in ProUCL 
4.0 to deal with data sets with outliers. These options are: 1) exclude nondetects and 2) replace NDs by 
DL/2 values. These options are used only to identify outliers and not to compute any estimates and limits 
used in decision-making process.  
 
It is suggested that these two classical outlier identification procedures be supplemented with graphical 
displays such as Q-Q plots, Box and Whisker plot (called box plot), and IQR (= upper quartile, Q3 - 
lower quartile, Q1). These graphical displays are available in ProUCL 4.0. Box plots with whiskers are 
often used to identify outliers (e.g., EPA, 2006). Typically, a box plot gives a good indication of extreme 
(outliers) observations that may present in a data set. The statistics (lower quartile, median, upper quartile, 
and IQR) used in the construction of a box plot do not get distorted by outliers. On a box plot, 
observations beyond the two whiskers may be considered as candidates for potential outliers.  
 
Q-Q plots are also quite useful to identify outliers in a data set. For an example, on a normal Q-Q plot, 
observations that are well separated from the bulk (central part) of the data typically represent potential 
outliers needing further investigation. Also, significant and obvious jumps and breaks in a Q-Q plot (for 
any distribution) are indications of the presence of more than one population. Data sets exhibiting such 
behavior of Q-Q plots should be partitioned out in component sub-populations before estimating an EPC 
Term or a background threshold value (BTV). It is strongly recommended that both graphical and formal 
outlier identification tests should be used on the same data set to identify potential outliers that may be 
present in a data set under study. More details about the construction of graphical displays and outliers 
test can be found in the Technical Guide for ProUCL 4.0. 
 

Dixon’s Test (Extreme Value Test) 
 

• This test is used to identify statistical outliers when the sample size is less than or equal 
to 25.  
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• This test can be used to identify outliers or extreme values in both the left tail (Case 1) 
and the right tail (Case 2) of a data distribution. In environmental data sets, extremes 
found in the right tail may represent potentially contaminated site areas needing further 
investigation or remediation. The extremes in the left tail may represent ND values.  

 
• This test assumes that the data without the suspected outlier are normally distributed; 

therefore, it is necessary to perform a test for normality on the data without the suspected 
outlier before applying this test. 

 
• This test may suffer from masking in the presence of multiple outliers. This means that if 

more than one outlier is suspected, this test may fail to identify all of the outliers. 
Therefore, if you decide to use the Dixon’s test for multiple outliers, apply the test to the 
least extreme value first. Alternatively, use more effective robust outlier identification 
procedures. Those outlier identification procedures will be available in Scout (EPA, 
1999) software. 
 

Rosner’s Test  
 

• This test can be used to identify and detect up to 10 outliers in data sets of sizes 25 and 
higher. 

 
• This test also assumes that the data are normally distributed; therefore, it is necessary to 

perform a test for normality before applying this test. 
 

Depending upon the selected variable(s) and the number of observations associated with them, either the 
Dixon’s test or the Rosner’s test will be performed.  
 
NOTE: Throughout this User Guide, and in ProUCL 4.0, it is assumed that the user is dealing with a 
single population. If multiple populations are present in a data set, it is recommended to separate them 
out using appropriate population partitioning methods and techniques. Appropriate tests and statistics 
(e.g., goodness-of-fit tests, 95% UCLs, 95% UPLs) should be computed separately for each of the 
identified populations. Also, outliers if any should be identified and thoroughly investigated. The presence 
of outliers distorts all statistics including the all of the upper limits (UCLs, UPLs, upper percentiles). The 
use of distorted statistics and limits may lead to incorrect conclusions having potential adverse effects on 
the human health and the environment. Decisions about the disposition of outliers: inclusion or exclusion 
in the data set to be used to compute the UCLs, UPLs, and other statistics should be made by all parties 
involved. Statistical methods supplemented with graphical displays (e.g., Q-Q plot and box plots) can 
only help identify statistical outliers that may be present in a data set. The project team and experts 
familiar with the site should interpret and assign physical meaning and significance to those identified 
outliers. The entire project team should be involved in taking decisions about the appropriate disposition 
(include or not include) of outliers. 
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7.1 Outlier Test for Full Data Set 

1. Click Outlier Tests ► Full ►Compute 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable.  

 
• If at least one of the selected variables has 25 or more observations, then click the option 

button for the Rosner Test.  
 

 
 

• The default option for the number of suspected outliers is 1. In order to use this test, the 
user has to obtain an initial guess about the number of outliers that may be present in the 
data set. This can be done by using graphical displays such as a Q-Q plot. On this 
graphical Q-Q plot, higher observations that are well separated from the rest of the data 
may be considered as potential or suspected outliers. 

 
• Click on the OK button to continue or on the Cancel button to cancel the Outlier Tests. 

7.2 Outlier Test for Data Set with NDs 

Typically, in environmental applications, one is interested in identifying high outliers (perhaps 
representing contaminated parts of a site area, hot spots) that might be present in the right tail of the data 
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distribution. Therefore, one may want to use the same outlier identification procedures (e.g., Dixon test, 
Rosner test) that are used on full-uncensored data sets (without any NDs). The processes to perform such 
tests using ProUCL 4.0 are described as follows. 
 
1. Click Outlier Tests ► With NDs ► Exclude NDs 
 

 
 
Output Screen for Dixon’s Outlier Test 
 

 

71 



Output Screen for Rosner’s Outlier Test 
 
There are many observations in this data set that may represent potential outliers. The potential outliers 
can also be seen in the graphical displays associated with this data set. 
 

• Selected Options: Number of Suspected Outliers for the Rosner Test = 4 
 

 
 
Box plot of the Aroclor1254 Data Set 
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Q-Q Plot of the Aroclor1254 Data Set  
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Chapter 8 
 

Goodness-of-Fit (G.O.F.) Tests 
 

Several goodness-of-fit (G.O.F.) tests for full data sets (without nondetects) and for data sets with NDs 
are available in ProUCL 4.0. Details of those tests are described in the ProUCL 4.0 Technical Guide. In 
this User Guide, those tests and available options have been illustrated using screen shots generated by 
ProUCL 4.0. 
 
Two choices are available for Goodness-of-Fit menu: Full and With NDs. 

 
• Full  
 

o This option is used to analyze full data sets without any nondetect observations. 
Throughout this User Guide and in ProUCL 4.0, “Full” represents data sets without 
nondetect observations. 

o This option tests for normal, gamma, or lognormal distribution of the variable(s) 
selected using the Select Variables option. 

o G.O.F. Statistics: This option is available for both full data sets and for data sets with 
NDs. This option simply generates output log of GOF test statistics and derived 
conclusions about the data distributions of all selected variables. This option is also 
available for variables categorized by a group variable.  

 

 
 

• With NDs 
 

o Analyzes data sets that have both nondetected and detected values. 
o Six sub-menu items listed and shown below are available for this option. 

 
1. Exclude NDs: tests for normal, gamma, or lognormal distribution of the selected 

variable(s) using only the detected values. 
 
2. ROS Estimates: tests for normal, gamma, or lognormal distribution of the selected 

variable(s) using the detected values and the extrapolated values for the nondetects.  
 

o Three ROS methods for normal, lognormal, and gamma distributions are 
available. This option is used to estimate or extrapolate the NDs based upon the 
specified distribution.  

 
o By using the menu item ROS Est. NDs, ProUCL 4.0 actually generates additional 

column(s) of ROS estimated NDs based upon the selected distribution. This 
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option should be used for variables with NDs. This is further illustrated by a 
screen shot given in the following 

 
3. DL/2 Estimates: tests for normal, gamma, or lognormal distribution of the selected 

variable(s) using the detected values and the ND values replaced by their respective 
DL/2 values. This option is included for historical reasons and also for curious users.  

 
Note: The use of fabricated data obtained using DL/2 (DL or 0 values) values is not 
a recommended method. At best, the user may use the fabricated data (e.g., DL/2 
option) for exploratory reasons. It is suggested that these substitution methods should 
not be used for estimation and for hypotheses testing approaches. 

 
4. G.O.F. Statistics: As for the full data sets, this option simply generates output log of 

GOF test statistics and other relevant statistics for data sets with nondetects. The 
conclusions about the data distributions for all selected variables are also listed on the 
generated output file (Excel-type spreadsheet). This option is also available for 
variables categorized by a group variable. 

 

 
 

 
• When multiple variables are selected from the Select Variables screen, you can choose 

either: 
 

o Group Graph option to produce multiple Q-Q plots for all selected variables in a 
single graph. The relevant statistics (e.g., slope, intercept, correlation, test statistic 
and critical value) associated with the selected variables are shown on the right panel 
(in tan color; see page 77). In order to capture all the graphs and results shown on the 
window screen, it is preferable to print the graph using the Landscape option. The use 
of this option is recommended when a selected variable has data coming from two or 
more groups or populations. 

o Group Graph option is particularly useful to generate multiple Q-Q plots for the 
groups associated with a selected variable. In order to capture all the graphs and 
results shown on the window screen, it is preferable to print the graph using the 
Landscape option. The user may also want to turn off the Navigation Panel and Log 
Panel.  

 
• Individual Graph option is used to generate individual Q-Q plots and the associated 

statistics separately for each of the selected variable, one variable at a time.  
 

o The linear pattern displayed by a Q-Q plot suggests an approximate goodness-of-fit 
for the selected distribution. 
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o The program computes the intercept, slope, and the correlation coefficient for the 
linear pattern displayed by the Q-Q plot. A high value of the correlation coefficient 
(e.g., > 0.95) is an indication of a good fit for that distribution. This high correlation 
should exhibit a definite linear pattern in the Q-Q plot. Specifically, when data are 
sparse and correlation is high, the use of correlation statistic to determine data 
distribution is not desirable. Note that these statistics are displayed on the Q-Q plot. 

o On a Q-Q plot, observations that are well separated from the bulk (central part) of the 
data typically represent potential outliers needing further investigation. 

o Significant and obvious jumps and breaks in a Q-Q plot (for any distribution) are 
indications of the presence of more than one population. Data sets exhibiting such 
behavior of Q-Q plots should be partitioned out in component sub-populations before 
estimating an EPC term or a background threshold value (BTV). It is strongly 
recommended that both graphical and formal goodness-of-fit tests should be used on 
the same data set to determine the distribution of the data set under study. 

 
• Normality or Lognormality Tests: In addition to informal graphical normal and 

lognormal Q-Q plots, a formal Goodness-of-Fit (GOF) test is also available to test the 
normality or lognormality of the data set. 

 
o Lilliefors Test: a test typically used for samples of size larger than 50 (> 50). When 

the sample size is greater than 50, the program defaults to the Lilliefors test. 
However, the Lilliefors test (generalized Kolmogorov Smirnov test) is available for 
samples of all sizes. There is no applicable upper limit for sample size for the 
Lilliefors test. 

o Shapiro and Wilk (SW) Test: a test used for samples of size smaller than or equal to 
50 (<= 50). In ProUCL 4.0, the SW test is available only for samples of size 50 or 
less. It should be noted that the critical values for SW test are now available for 
sample of sizes up to 2000 (Royston, 1982). These values are not as yet available in 
ProUCL 4.0. This extension of SW test will be available in Scout (EPA, 1999) 
software package.  

o It should be noted that sometimes these two tests might lead to different conclusions. 
Therefore, the user should exercise caution interpreting the results. Specifically, the 
user should the pattern exhibited by the associated Q-Q plot. 

 
• GOF test for Gamma Distribution: In addition to the graphical gamma Q-Q plot, two 

formal empirical distribution function (EDF) procedures are also available to test the 
gamma distribution of a data set. These tests are the Anderson-Darling test and the 
Kolmogorov-Smirnov test. 

 
o It is noted that these two tests might lead to different conclusions. Therefore, the user 

should exercise caution interpreting the results. 
o These two tests may be used for samples of sizes in the range of 4-2500. Also, for 

these two tests, the value of the shape parameter, k (k hat) should lie in the interval 
[0.01, 100.0]. Consult the ProUCL 4.0 Technical Guide (A. Singh and A.K. Singh 
(EPA, 2007)) for a detailed description of gamma distribution and its parameters, 
including k. Extrapolation beyond these sample sizes and values of k is not 
recommended. 
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• ProUCL computes the relevant test statistic and the associated critical value, and prints 
them on the associated Q-Q plot. On this Q-Q plot, the program informs the user if the 
data are gamma, normally, or lognormally distributed. 

 
• Even though, the G.O.F. Statistics option prints out all GOF test statistics for all selected 

variables, it is suggested that the user should look at the graphical Q-Q plot displays to 
gain extra insight (e.g., outliers, multiple population) into the data set.  

 
Note: It is highly recommended not to skip the use of a graphical Q-Q plot to determine the data 
distribution as a Q-Q plot also provides a useful information about the presence of multiple populations 
or outliers.  

8.1 ROS Estimated (Est.) NDs – Saving Extrapolated NDs 

• As mentioned before, for a variable with NDs, ProUCL 4.0 can generate additional 
column(s) consisting of detected data and the estimated (extrapolated) values of NDs 
using the ROS method assuming a normal, lognormal, or a gamma distribution.  

 
• The user may want to use the resulting full data set (detected and estimated NDs) thus 

obtained to compute the statistics of interest such as a bootstrap BCA UCL95 or a gamma 
95% upper percentile. 

 
• This option of saving estimated NDs is provided only for experienced users and 

researchers. It is expected that the user knows and understands the theory behind these 
methods. Therefore, it is suggested that this option be used with care. For an example, 
often, the use of a ROS method yields infeasible (e.g., negative, exceeding the DLs) 
estimates of NDs, and therefore, the associated estimates of EPC terms and of BTVs may 
be biased and not reliable. This is especially true when the data set contains potential 
outlier(s). 

   

 

77 



8.2 Goodness-of-Fit Tests with Full Data Sets 

1. Click Goodness-of-Fit ► Full 
 

 
 

2. Select the distribution to be tested: Normal, Lognormal, or Gamma 
 

• To test your variable for normality, click on Normal from the drop-down menu list. 
 
• To test variable for lognormality, click on Lognormal from the drop-down menu list. 

 
• To test your variable for gamma distribution, click on Gamma from the drop-down menu 

list. 

8.2.1 GOF Tests for Normal and Lognormal Distribution  

1. Click Goodness-of-Fit ► Full ► Normal or Lognormal 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable.  

 
• When the option button is clicked, the following window will be shown.  
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o The default option for the Confidence Level is 95%.  
o The default GOF Method is Shapiro Wilk. If the sample size is greater than 50, the 

program automatically uses the Lilliefors test.  
o The default method for Display Regression Lines is Do Not Display. If you want to 

see regression lines on a Q-Q plot, then check the radio button next to Display 
Regression Lines. 

o The default option for Graphs by Group is Individual Graphs. If you want to see 
the plots for all selected variables on a single graph, then check the radio button next 
to Group Graphs. 

 
Note: This option for Graphs by Group is specifically provided when the user wants to display multiple 
graphs for a variable by a group variable (e.g., site AOC1, site AOC2, background). This kind of display 
represents a useful visual comparison of the values of a variable (e.g., concentrations of COPC-Arsenic) 
collected from two or more groups (e.g., upgradient wells, monitoring wells, residential wells).  

 
o The default option for Graphical Display Options is Color Gradient. If you want 

to see the graphs in black and white to be included in reports for later use, then check 
the radio button next to For Export (BW Printers). 
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• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests.  
 
Output Screen for Normal Distribution (Full) 
Selected Options: Shapiro Wilk, Display Regression Line, and For Export (BW Printers). 
 

 
 
Output Screen for Lognormal Distribution (Full) 
Selected options: Shapiro Wilk, Display Regression Lines, and Color Gradient. 
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8.2.2 GOF Tests for Gamma Distribution  

1. Click Goodness-of-Fit ► Full ► Gamma 
 

 
 

2. The Select Variables Screen (described in Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable.  

 
• When the option button is clicked, the following window will be shown.  
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o The default option for the Confidence Level is 95%.  
o The default GOF method is Anderson Darling.  
o The default option for Display Regression Lines is Do Not Display. If you want to 

see regression lines on the Gamma Q-Q plot, then check the radio button next to 
Display Regression Lines. 

o The default option for Graph by Groups is Individual Graphs. If you want to see 
the graphs for all the selected variables into a single graph, then check the radio 
button next to Group Graphs. 

o The default option for Graphical Display Options is Color Gradient. If you want 
to see the graphs in black and white, check the radio button next to For Export (BW 
Printers). 

 
• Click the OK button to continue or the Cancel button to cancel the option. 
 
• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 
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Output Screen for Gamma Distribution (Full) 
Selected options: Anderson Darling, Display Regression Lines, Individual Graphs, and Color Gradient. 
 

 

 

8.3 Goodness-of-Fit Tests Excluding NDs 

1. Click Goodness-of-Fit ► With NDs ► Exclude NDs 
 

 
 
2. Select distribution to be tested: Normal, Gamma, or Lognormal. 
 

• To test for normality, click on Normal from the drop-down menu list. 
 
• To test for lognormality, click on Lognormal from the drop-down menu list. 

 
• To test for gamma distribution, click on Gamma from the drop-down menu list. 
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8.3.1 Normal and Lognormal Options  

1. Click Goodness-of-Fit ► With NDs ►Excluded NDs ► Normal or Lognormal 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable. 

 
• When the option button (Normal or Lognormal) is clicked, the following window will be 

shown.  
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o The default option for the Confidence Level is 95%.  
o The default GOF Method is Shapiro Wilk. If the sample size is greater than 50, the 

program defaults to Lilliefors test.  
o The default for Display Regression Lines is Do Not Display. If you want to see 

regression lines on the associated Q-Q plot, check the radio button next to Display 
Regression Lines. 

o The default option for Graphs by Group is Individual Graphs. If you want to see 
the plots for all selected variables on a single graph, check the radio button next to 
Group Graphs. 

 
Note: This option for Graphs by Group is specifically useful when the user wants to display multiple 
graphs for a variable by a group variable (e.g., site AOC1, Site AOC2, background). This kind of display 
represents a useful visual comparison of the values of a variable (e.g., concentrations of COPC-Arsenic) 
collected from two or more groups (e.g., upgradient wells, monitoring wells, and residential wells).  
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o The default option for Graphical Display Option is Color Gradient. If you want to 
see the graphs in black and white, check the radio button next to For Export (BW 
Printers). 

 
• Click the OK button to continue or the Cancel button to cancel the option. 

 
• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 

 
Output Screen for Normal Distribution (Exclude NDs) 
Selected options: Shapiro Wilk, Display Regression Lines, Group Graphs, and For Export (BW Printers). 
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Output Result for Lognormal Distribution (Exclude NDs) 
Selected options: Shapiro Wilk, Display Regression Lines, Group Graphs, and Color Gradient. 
 

 

8.3.2 Gamma Distribution Option 

1. Click Goodness-of-Fit ► With NDs ►Excluded NDs ► Gamma 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable. 

 
• When the option button (Gamma) is clicked, the following window is shown.  
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o The default option for the Confidence Level is 95%. 
o The default GOF test Method is Anderson Darling.  
o The default method for Display Regression Lines is Do Not Display. If you 

want to see regression lines on the normal Q-Q plot, check the radio button next 
to Display Regression Lines. 

o The default option for Graph by Groups is Individual Graphs. If you want to 
display all selected variables on a single graph, check the radio button next to 
Group Graphs. 

o The default option for Graphical Display Options is Color Gradient. If you 
want to see the graphs in black and white, check the radio button next to For 
Export (BW Printers). 

 
• Click the OK button to continue or the Cancel button to cancel the option. 

 
• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 
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Output Screen for Gamma Distribution (Exclude NDs) 
Selected options: Anderson Darling, Do Not Display, Individual Graphs, and For Export (BW Printers). 
 

 

8.4 Goodness-of-Fit Tests with Log-ROS Estimates 

1. Click Goodness-of-Fit ► With NDs ► Log-ROS Estimates 
 

 
 
2. Select the distribution to be tested: Normal, Lognormal, or Gamma 
 

• To test your variable for normality, click on Normal from the drop-down menu list. 
 
• To test a variable for gamma distribution, click Gamma from drop-down menu list. 

 
• To test your variable for lognormality, click on Lognormal from drop-down menu.  
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8.4.1 Normal or Lognormal Distribution (Log-ROS Estimates) 

1. Click Goodness-of-Fit ► With NDs ► Log-ROS Estimates ► Normal, Lognormal 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable. 

 
• When the option button (Normal or Lognormal) is clicked, the following window will be 

shown.  
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o The default option for the Confidence Level is 95%.  
o The default GOF test Method is Shapiro Wilk. If the sample size is greater than 50, 

the program defaults to use the Lilliefors test. 
o The default method for Display Regression Lines is Do Not Display. If you want to 

see regression lines on the normal Q-Q plot, check the radio button next to Display 
Regression Lines. 

o The default option for Graphs by Group is Individual Graphs. If you want to 
display all selected variables into a single graph, check the radio button next to 
Group Graphs. 

o The default option for Graphical Display Options is Color Gradient. If you want 
to see the graphs in black and white, check the radio button next to For Export (BW 
Printers). 
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• Click the OK button to continue or the Cancel button to cancel the option. 
 

• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 
 

Output Screen for Normal Distribution (Log-ROS Estimates) 
Selected options: Shapiro Wilk, Display Regression Lines, Group Graphs, and For Export (BW Printers). 
 

 
 
Note: The legend size of nondetect values is smaller than that of the detected values. 
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Output Screen for Lognormal Distribution (Log-ROS Estimates) 
Selected options: Shapiro Wilk, Display Regression Lines, Group Graphs, and Color Gradient. 
 

 
 

Note: The legend size of nondetect values is smaller than that of the detected values and is shown in red.  

8.4.2 Gamma Distribution (Log-ROS Estimates) 

1. Click Goodness-of-Fit ► With NDs ► Log-ROS Estimates ► Gamma 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable. 
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• When the option button (Gamma) is clicked, the following window will be shown.  
 

 
 

o The default option for the Confidence Level is 95%.  
o The default GOF test Method is Anderson Darling.  
o The default method for Display Regression Lines is Do Not Display. If you want to 

see regression lines on the normal Q-Q plot, check the radio button next to Display 
Regression Lines. 

o The default option for Graph by Groups is Individual Graphs. If you want to put 
all of the selected variables into a single graph, check the radio button next to Group 
Graphs. 

o The default option for Graphical Display Options is Color Gradient. If you want 
to see the graphs in black and white, check the radio button next to For Export (BW 
Printers). 

 
• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 
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Output Screen for Gamma Distribution (Log-ROS Estimates) 
Selected options: Anderson Darling, Display Regression Lines, Individual Graphs, and Color Gradient. 
 

 
 

Note: The legend size of nondetect values is smaller than that of detected values and is shown in red.  

8.5 Goodness-of-Fit Tests with DL/2 Estimates 

1. Click Goodness-of-Fit ► With NDs ► DL/2 Estimates 
 

 
 
2. Select the distribution to be tested: Normal, Gamma, or Lognormal 
 

• To test the variable for normality, click on Normal from the drop-down menu list. 
 
• To test the variable for lognormality, click on Lognormal from the drop-down menu list. 
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• To test your variable for gamma distribution, click on Gamma from the drop-down menu 
list. 

8.5.1 Normal or Lognormal Distribution (DL/2 Estimates) 

1. Click Goodness-of-Fit ► With NDs ► DL/2 Estimates ► Normal or Lognormal 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
list of available variables. The user should select and click on an appropriate variable 
representing a group variable. 

 
• When Normal or Lognormal button is clicked, following window is displayed.  
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o The default option for the Confidence Level is 95%.  
o The default Method is Shapiro Wilk. If the sample size is greater than 50, the 

program defaults to the Lilliefors test.  
o The default method for Display Regression Lines is Do Not Display. If you want to 

see regression lines on the normal Q-Q plot, check the radio button next to Display 
Regression Lines. 

o The default option for Graphs by Group is Individual Graphs. If you want to put 
all of the selected variables into a single graph, check the radio button next to Group 
Graphs. 

o The default option for Graphical Display Options is Color Gradient. If you want 
to see the graphs in black and white, check the radio button next to For Export (BW 
Printers) 
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• Click the OK button to continue or the Cancel button to cancel the option. 
 

• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 
 
Output Screen for Normal Distribution (DL/2 Estimates) 
Selected options: Shapiro Wilk, Display Regression Lines, Group Graphs, and Color Gradient. 
 

 
 

Note: The legend size of nondetect values is smaller than that of the detected values and is shown in red. 
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Output Screen for Lognormal Distribution (DL/2 Estimates) 
Selected options: Shapiro Wilk, Display Regression Lines, Individual Graphs, and For Export (BW Printers). 
 

 
 
Note: The legend size of nondetect values is smaller than that of the detected values. The color is not 
shown on this graph as this graph is for BW printers. 

8.5.2 Gamma Distribution (DL/2 Estimates) 

1. Click Goodness-of-Fit ► With NDs ►DL/2 Estimates ► Gamma 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen.  
 
• If graphs have to be produced by using a Group variable, then select a group variable by 

clicking the arrow below the Group by variable button. This will result in a drop-down 
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list of available variables. The user should select and click on an appropriate variable 
representing a group variable. 

 
• When the Gamma option button is clicked, the following window will be shown.  

 

 
 

o The default option for the Confidence Level is 95%.  
o The default Method is Anderson Darling.  
o The default method for Display Regression Lines is Do Not Display. If you want to 

see regression lines on the normal Q-Q plot, check the radio button next to Display 
Regression Lines. 

o The default option for Graph by Groups is Individual Graphs. If you want to put 
all of the selected variables into a single graph, check the radio button next to Group 
Graphs. 
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o The default option for Graphical Display Options is Color Gradient. If you want 
to see the graphs in black and white, check the radio button next to For Export (BW 
Printers). 

 
• Click the OK button to continue or the Cancel button to cancel the Goodness-of-Fit tests. 

 
Output Screen for Gamma Distribution (DL/2 Estimates) 
Selected options: Anderson Darling, Display Regression Lines, Individual Graphs, and Color Gradient.  
 

 
 

Note: The legend size of nondetect values is smaller than that of the detected values and is shown in red. 

8.6 Goodness-of-Fit Tests Statistics 

1. Click Goodness-of-Fit ► With NDs ► G.O.F. Statistics 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select one or more variable(s) from the Select Variables screen. 
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• When the option button is clicked, the following window will be shown. 
 

 
 

• The default confidence level is 95%. 
 
• Click the OK button to continue or the Cancel button to cancel the option. 

 
Sample Output Screen for G.O.F. Test Statistics 
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Output Screen for the G.O.F. Test Statistics – (continued) 
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Chapter 9 
 

Single Sample and Two-Sample Hypotheses  
Testing Approaches 

 
This chapter illustrates single sample and two-sample parametric and nonparametric hypotheses testing 
approaches as incorporated in ProUCL 4.0. ProUCL 4.0 can perform these hypotheses tests on data sets 
with and without nondetect observations. It should be pointed out that, when one wants to use two-sample 
hypotheses tests on data sets with NDs, ProUCL 4.0 assumes that samples from both of the groups have 
nondetect observations. All this means that, a ND column (with 0 or 1 entries only) needs to be provided 
for the variable in each of the two groups. This has to be done even if one of the groups has all detected 
entries; in this case the associated ND column will have all entries equal to “1.” This will allow the user 
to compare two groups (e.g., arsenic in background vs. site samples) with one of the groups having some 
NDs and the other group having all detected data.  

9.1 Single Sample Hypotheses Tests 

In many environmental applications, single sample hypotheses tests are used to compare site data 
(provided enough site data are available) with pre-specified cleanup standards or compliance limits. 
ProUCL 4.0 contains single sample parametric and nonparametric tests including Student’s t-test, sign 
test, Wilcoxon Signed Rank (WSR) test, and test for proportion. The single sample hypotheses tests are 
useful when the environmental parameters such as the clean standard, action level, or compliance limits 
(CLs) are known, and the objective is to compare site concentrations with those known threshold values. 
Specifically, a t-test (or a sign test) may be used to verify the attainment of cleanup levels at an AOC after 
remediation activity; and a test for proportion may be used to verify if the proportion of exceedances of an 
action level (or a compliance limit) by sample concentrations collected from an AOC (or a MW) exceeds 
a certain specified proportion (e.g., 1%, 5%, 10%).  
 
ProUCL 4.0 can perform these hypotheses on data sets with and without nondetect observations. 
However, it should be noted that for single sample hypotheses tests (e.g., sign test, proportion test) used 
to compare site mean/median concentration level with a cleanup standard, Cs, or a compliance limit (e.g., 
proportion test), all NDs (if any) should lie below the cleanup standard, Cs. For proper use of these 
hypotheses testing approaches, the differences between these tests should be noted and understood. 
Specifically, a t-test or a WSR test are used to compare the measures of location and central tendencies 
(e.g., mean, median) of a site area (e.g., AOC) to a cleanup standard, Cs, or action level also representing 
a measure of central tendency (e.g., mean, median); whereas, a proportion test compares if the proportion 
of site observations from an AOC exceeding a compliance limit  (CL) exceeds a specified proportion, P0 
(e.g., 5%, 10%).  ProUCL 4.0 has useful graphical methods that may be used to visually compare the 
concentrations of a site area of concern (AOC) with an action level. This can be done using a box plot of 
site data with action level superimposed on that graph. The details of the various single sample 
hypotheses testing approaches can be found in EPA guidance documents (1989, 2006). A brief discussion 
of these methods is also given in the ProUCL 4.0 Technical Guide.  
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9.1.1 Single Sample Hypothesis Testing for Full Data without Nondetects 

1.  Click Hypothesis Testing► Single Sample 
 

 
 
2. Select Full (w/o NDs) – This option is used for full data sets without nondetects. 

 
• To perform a t-test, click on t-Test from the drop-down menu as shown above. 
 
• To perform a proportion test, click on Proportion from the drop-down menu. 

 
• To run a sign test, click on Sign test from the drop-down menu. 

 
• To run a Wilcoxon Signed Rank test, click on Wilcoxon Signed Rank from the drop-

down menu. 

9.1.1.1 Single Sample t-Test 

1.  Click Hypothesis Testing ► Single Sample ► Full (w/o NDs) ► t-Test 
 

 
 
2. The Select Variables Screen (see page 130) will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 

• When the Options button is clicked, the following window will be shown. 
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o Specify the Confidence Level; default is 0.95. 
o Specify meaningful values for Substantial Difference, S and the Compliance Limit. 

The default choice for S is “0.” 
o Select the form of Null Hypothesis; default is Mean <= Compliance Limit (Form 1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample t-Test (Full Data without NDs) 
 

 
 

9.1.1.2 Single Sample Proportion Test 

1.  Click Hypothesis Testing ► Single Sample ► Full (w/o NDs) ► Proportion  
 

 
 
2. The Select Variables Screen will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 
• When the Options button is clicked, the following window will be shown. 
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o Specify the Confidence level; default is 0.95. 
o Specify the Proportion level and a meaningful Action/Compliance Limit. 
o Select the form of Null Hypothesis; default is P <= Proportion (Form 1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample Proportion Test (Full Data without NDs) 
 

 

9.1.1.3 Single Sample Sign Test 

1.  Click Hypothesis Testing ► Single Sample ► Full (w/o NDs) ► Sign test 
 

 
 
2. The Select Variables Screen will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 
• When the Options button is clicked, the following window will be shown. 
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o Specify the Confidence Level; default choice is 0.95. 
o Specify meaningful values for Substantial Difference, S and Action/Compliance 

Limit. 
o Select the form of Null Hypothesis; default is Median <= Compliance Limit (Form 

1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample Proportion Test (Full Data without NDs) 
 

 

9.1.1.4 Single Sample Wilcoxon Signed Rank (WSR) Test 

1. Click Hypothesis Testing ► Single Sample ► Full (w/o NDs) ► Wilcoxon Signed Rank 
 

 
 
2. The Select Variables Screen will appear. 

 
• Select variable (variables) from the Select Variables screen. 
 
• When the Options button is clicked, the following window will be shown. 
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o Specify the Confidence Level; default is 0.95. 
o Specify meaningful values for Substantial Difference, S, and Action/Compliance 

Limit. 
o Select the form of Null Hypothesis; default is Mean/Median <= Compliance Limit 

(Form 1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample Proportion Test (Full Data without NDs) 
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9.1.2 Single Sample Hypothesis Testing for Data Sets with Nondetects  

Most of the one-sample tests such as the Proportion test and the Sign test on data sets with nondetect 
values assume that all nondetect observations lie below the compliance limit (CL) or an action level, A0. 
The single sample tests cannot be performed if ND observations exceed the CL or action levels. 
 
1.  Click on Hypothesis Testing► Single Sample 
 

 
 
2. Select the With NDs option 
 

• To perform a proportion test, click on Proportion from the drop-down menu. 
 
• To perform a sign test, click on Sign test from the drop-down menu. 

 
• To perform a Wilcoxon Signed Rank test, click on Wilcoxon Signed Rank from the drop-

down menu list. 

9.1.2.1 Single Proportion Test on Data Sets with NDs 

1.  Click Hypothesis Testing ► Single Sample ► With NDs ► Proportion  
 

 
 
2. The Select Variables screen will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 
• When the Options button is clicked, the following window will be shown. 
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o Specify the Confidence Level; default is 0.95. 
o Specify meaningful values for Proportion and the Action/Compliance Limit. 
o Select the form of Null Hypothesis; default is P <= Proportion (Form 1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample Proportion Test (with NDs) 
 

 
 

9.1.2.2 Single Sample Sign Test with NDs 

1.  Click Hypothesis Testing ► Single Sample ► With NDs ► Sign test 
 

 
 
2. The Select Variables screen will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 
• When the Options button is clicked, the following window will be shown. 
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o Specify the Confidence Level; default is 0.95. 
o Specify meaningful values for Substantial Difference, S and Action/Compliance 

Limit. 
o Select the form of Null Hypothesis; default is Median <= Compliance Limit (Form 

1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample Sign Test (Data with Nondetects) 
   

 

 
 

9.1.2.3 Single Sample Wilcoxon Signed Rank Test with NDs 

1. Click Hypothesis Testing ► Single Sample ► With NDs ► Wilcoxon Signed Rank  
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2.  The Select Variables Screen will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 
• When the Options button is clicked, the following window will be shown. 

 

 
 

o Specify the Confidence Level; default is 0.95. 
o Specify meaningful values for Substantial Difference, S and Action/Compliance 

Limit. 
o Select the form of Null Hypothesis; default is Mean/Median <= Compliance Limit 

(Form 1). 
o Click on OK button to continue or on Cancel button to cancel the test. 
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Output for Single Sample Wilcoxon Signed Rank Test (Data with Nondetects) 
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9.2 Two-Sample Hypotheses Testing Approaches  

In this section, the two-sample hypotheses testing approaches as incorporated in ProUCL 4.0 have been 
illustrated. These approaches are used to compare the parameters and distributions of the two populations 
(e.g., Background vs. AOC) based upon data sets collected from those populations. Both forms (Form 1 
and Form 2, Form 2 with Substantial Difference, S) of two-sample hypothesis testing approaches have 
been included in ProUCL 4.0. The methods are available for full data sets as well as for data sets with 
below detection limit (BDL) values. 
 

• Full – analyzes data sets consisting of all detected values. The following parametric and 
nonparametric tests are available: 

 
o Student’s t and Satterthwaite tests to compare the means of two populations (e.g. 

Background versus AOC).  
o F-test to the check the equality of dispersions of two populations.  
o Two-sample nonparametric Wilcoxon-Mann-Whitney (WMW) test. This test is 

equivalent to Wilcoxon Rank Sum (WRS) test.  
o Quantile test is often used to compare upper tails of two data distributions. This test 

is normally performed in parallel with WMW test. 
 

• With NDs – analyzes data sets consisting of both nondetected and detected values. The 
following tests are available:  

 
o Wilcoxon-Mann-Whitney test. All observations (including detected values) below the 

highest detection limit are treated as ND (less than the highest DL) values. 
o Quantile test is used to compare upper tails of two data distributions. This test is 

performed in parallel with WMW test. 
o Gehan’s test, useful when multiple detection limits may be present. 
 

The details of these methods can be found in the ProUCL 4.0 Technical Guide and are also available in 
EPA (1997, 2006). It is re-stated that the use of informal graphical displays (e.g., side-by-side box plots, 
multiple Q-Q plots) should always accompany the formal hypothesis testing approaches listed above. 
This is especially warranted when the data sets may consist of observations from multiple populations 
(e.g., mixture samples collected from various onsite locations) and outliers.  
 
Note: As mentioned before, it is pointed out that, when one wants to use two-sample hypotheses tests on 
data sets with NDs, ProUCL 4.0 assumes that samples from both of the groups have nondetect 
observations. This may not be the case, as data from a polluted site may not have any ND observations. 
ProUCL can handle such data sets. However, the user will have to provide a ND column (with 0 or 1 
entries only) for the selected variable of each of the two groups. Thus when one of the groups (e.g., site 
arsenic) has no ND value, the user supplies an associated ND column with all entries equal to “1.” This 
will allow the user to compare two groups (e.g., arsenic in background vs. site samples) with one of the 
group having some NDs and the other group having all detected data.  
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9.2.1 Two-Sample Hypothesis Tests for Full Data 

Full – This option is used to analyze data sets consisting of all detected values. The following two-sample 
tests are available in ProUCL 4.0. 
 

• Student’s t and Satterthwaite tests to compare the means of two populations (e.g., 
Background versus AOC).  

 
• F-test is also available to test the equality of dispersions of two populations.  

 
• Two-sample nonparametric Wilcoxon-Mann-Whitney (WMW) test.  

 
• Two-sample quantile test. 

 
• Student’s t-Test 

 
o This test can be used to compare the site mean concentration of a COPC with that of 

the background mean concentration provided the populations are normally 
distributed. The data sets are given by independent random observations, X1, X2, . . . , 
Xn collected from a site, and independent random observations, Y1, Y2, . . . , Ym 
collected from a background population. The same terminology is used for all other 
two-sample tests in ProUCL 4.0. 

o Student’s t-test also assumes that the spread (variance) of the two populations are 
approximately equal.  

o The F-test can be used to the check the equality of dispersions of two populations.  
 

• Satterthwaite t-Test 
 

o This test is used to compare the population means of two populations when the 
variances or Spreads of those populations may not be equal. As mentioned before, the 
F-distribution based test can be used to verify the equality of dispersions of two 
populations. 

 
• Test for Equality of two Dispersions (F-test) 
 

o This test is used to determine whether the true underlying variances of two 
populations are equal. Usually the F-test is employed as a preliminary test, before 
conducting the two-sample t-test for testing the equality of means of two populations.  

o The assumptions underlying the F-test are that the two-samples represent 
independent random samples from two normal populations. The F-test for equality of 
variances is highly sensitive to departures from normality. 

 
• Two-Sample Nonparametric WMW Test 
 

o This test is used to determine the approximate equality of the two continuous data 
distributions. This test also assumes that the shapes (e.g., as determined by spread, 
skewness, and graphical displays) of the two populations are roughly equal. The test 
is often used to determine if the measures of central locations of the two populations 
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are significantly different. Specifically, the test can be used to determine if the site 
concentrations exceed the background concentrations. 

o The Wilcoxon-Mann-Whitney test does not assume that the data are normally or log-
normally distributed. For large samples (e.g., ≥ 20), the distribution of the WMW test 
statistic can be approximated by a normal distribution.  

o This test is used to determine if measurements from one population consistently tend 
to be larger (or smaller) than those from the other population.  

 
• Two-Sample Quantile Test 
 

o The nonparametric quantile test does not assume that the data are normally or log-
normally distributed. For large samples (e.g., ≥ 20), the distribution of the quantile 
test statistic can be approximated by a normal distribution.  

o This test is used in parallel with the WMW test. This test is often used in Background 
Test Form 1 to determine if the concentrations from the upper tail of site data 
distribution are comparable to (lower than or equal to) that of the background data 
distribution. The critical values for this Form 1 test are available in EPA, 1994. The 
details of the test are given in EPA (1994, 2006).  

 
Note: The use of the tests listed above is not recommended on log-transformed data sets, especially when 
the parameters of interests are the population means. In practice, the cleanup and remediation decisions 
have to be made in original scale based upon statistics and estimates computed in the original scale. The 
equality of means in log-scale does not necessarily imply the equality of means in the original scale. This 
topic is discussed in detail in Chapter 3 of the revised background document (EPA, 2002) for CERCLA 
sites (currently under revision).  
 
1.  Click on Hypothesis Testing ► Two Sample 
 

 
 
2.  Select the Full (w/o NDs) option 
 

• To perform a t-test, click on t Test from the drop-down menu. 
 
• To perform a Wilcoxon-Mann-Whitney, click on Wilcoxon-Mann-Whitney from the 

drop-down menu list. 
 

• To perform a quantile test, click on Quantile test from the drop-down menu. 
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9.2.1.1 Two-Sample t-Test without NDs 

1.  Click Hypothesis Testing ► Two Sample ► Full (w/o NDs) ► t Test 
 

 
 
2. The Select Variables screen will appear. 
 

• Select variable (variables) from the Select Variables screen. 
 
• Without Group Variable: This option is used when the data values of the variable 

(COPC) for the site and the background are given in separate columns. 
 

• With Group Variable: This option is used when data values of the variable (COPC) for 
the site and the background are given in the same column. The values are separated into 
different populations (groups) by the values of an associated Group Variable. The group 
variable may represent several populations (e.g., several AOCs, MWs). The user can 
compare two groups at a time by using this option.  
 

• When using this option, the user should select a group variable by clicking the arrow next 
to the Group Var option for a drop-down list of available variable. The user selects an 
appropriate (meaningful) variable representing groups such as Background and AOC. 
The user is allowed to use letters, numbers, or alphanumeric labels for the group names. 
 
o When the options button is clicked, the following window will be shown. 
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o Specify a useful Substantial Difference, S value. The default choice is 0.  
o Choose the Confidence level. The default choice is 95%.  
o Select the form of Null Hypothesis. The default is AOC <= Background (Form 1). 
o Click on OK button to continue or on Cancel button to cancel the option. 
 

• Click on the OK button to continue or on the Cancel button to cancel the Site versus 
Background Comparison. 
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Output for Two-Sample t-Test (Full Data without NDs) 
 

 

9.2.1.2 Two-Sample Wilcoxon-Mann-Whitney (WMW) Test without NDs 

 
1. Click Hypothesis Testing ► Two Sample ► Full (w/o NDs) ► Wilcoxon-Mann-Whitney 

Test 
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2.  The Select Variables Screen will appear. 
 

 
 

• Select variable (variables) from the Select Variables screen. 
 
• Without Group Variable: This option is used when the data values of the variable 

(COPC) for the site and the background are given in separate columns. 
 

• With Group Variable: This option is used when data values of the variable (COPC) for 
the site and the background are given in the same column. The values are separated into 
different populations (groups) by the values of an associated Group Variable. When using 
this option, the user should select a group variable by clicking the arrow next to the 
Group Var option for a drop-down list of available variables.  

 
• ProUCL 4.0 has been written using environmental terminology such as performing 

background versus site comparisons. However, all the tests and procedures in ProUCL 
4.0 can be used for any other application if used properly. The user selects an appropriate 
group variable representing groups such as Background and AOC. For other applications 
such as comparing a new treatment drug versus older treatment drug, the group variable 
may represent the two groups: old drug group and new drug group. The user is allowed to 
use letters, numbers, or alphanumeric labels for the group names. 

 
• When the Options button is clicked, the following window is shown. 
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o Specify a Substantial Difference, S value. The default choice is 0.  
o Choose the Confidence level. The default choice is 95%.  
o Select the form of Null Hypothesis. The default is AOC <= Background (Form 1). 
o Click on OK button to continue or on Cancel button to cancel the selected options. 
 

• Click on the OK button to continue or on the Cancel button to cancel the Site versus 
Background Comparison. 
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Output for Two-Sample Wilcoxon-Mann-Whitney Test (Full Data) 
 

 
 

9.2.1.3 Two-Sample Quantile Test for Full Data without NDs 

As mentioned before, the quantile test is often used in parallel with the WMW test. Typically, both tests 
are performed on the same data set before coming to the conclusion about comparability (or non-
comparability) of the data distributions of the two populations. 
 
1. Click Hypothesis Testing ► Two Sample ► Full (w/o NDs) ► Quantile test 
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2.  The Select Variables Screen shown below will appear. 
 

 
 

• Select variable (variables) from the Select Variables screen. 
 
• Without Group Variable: This option is used when the data values of the variable 

(COPC) for the site and the background are given in different columns. 
 

• With Group Variable: This option is used when data values of the variable (COPC) for 
the site and the background are given in the same column. The values are separated into 
different groups by using the values of the associated Group Variable. When using this 
option, the user should select a group variable by clicking the arrow next to the Group 
Var option for a drop-down list of available variables. The user selects an appropriate 
group variable representing groups such as Background and AOC. The user is allowed to 
use letters, numbers, or alphanumeric labels for the group names. 

 
• When the Options button is clicked, the following window will be shown. 
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o Choose the Confidence level; the default choice is 95%. 
o Click on OK button to continue or on Cancel button to cancel the option. 
 

• Click on the OK button to continue or on the Cancel button to cancel the Site versus 
Background Comparison. 

 
Output for Two-Sample Quantile Test (Full Data) 
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9.2.2 Two-Sample Hypothesis Testing for Data Sets with Nondetects  

1.  Click Hypothesis Testing► Two Sample 
 

 
 
2.  Select the With NDs option. A list of available tests will appear (shown above). 
 

• To perform a Wilcoxon-Mann-Whitney test, click on Wilcoxon-Mann-Whitney from the 
drop-down menu list. 

 
• To perform a Gehan test, click on Gehan from the drop-down menu. 

 
• To perform a quantile test, click on Quantile Test from the drop-down menu. 

9.2.2.1 Two-Sample Wilcoxon-Mann-Whitney Test with Nondetects 

1. Click Hypothesis Testing ► Two Sample ► With NDs ► Wilcoxon-Mann-Whitney  
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2.  The Select Variables Screen shown below will appear. 
 

 
 

• Select variable (variables) from the Select Variables screen. 
 
• Without Group Variable: This option is used when the data values of the variable 

(COPC) for the site and the background are given in separate columns. 
 

• With Group Variable: This option is used when data values of the variable (COPC) for 
the site and the background are given in the same column. The values are separated into 
different populations (groups) by the values of an associated Group Variable. When using 
this option, the user should select a group variable by clicking the arrow next to the 
Group Var option for a drop-down list of available variables. The user selects an 
appropriate variable representing groups such as Background and AOC. The user is 
allowed to use letters, numbers, or alphanumeric labels for the group names. 

 
• When the Options button is clicked, the following window will be shown. 
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o Specify a meaningful Substantial Difference, S value. The default choice is 0.  
o Choose the Confidence level. The default choice is 95%.  
o Select the form of Null Hypothesis. The default is AOC <= Background (Form 1). 
o Click on the OK button to continue or on the Cancel button to cancel the selected 

options. 
 

• Click on OK button to continue or on Cancel button to cancel the Site versus Background 
Comparison. 
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Output for Two-Sample Wilcoxon-Mann-Whitney Test (with Nondetects) 
 

 
 
Note: In the WMW test, all observations below the largest detection limit are considered as NDs 
(potentially including some detected values) and hence they all receive the same average rank. This 
action may reduce the associated power of the WMW test considerably. This in turn may lead to incorrect 
conclusion. As mentioned before, all hypotheses testing approaches should be supplemented with 
graphical displays such as Q-Q plots and box plots. When multiple detection limits are present, the use of 
the Gehan test is preferable.  
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9.2.2.2 Two-Sample Gehan Test for Data Sets with Nondetects 

1. Click Hypothesis Testing ► Two Sample ► With NDs ► Gehan  
 

 
 
2.  The Select Variables Screen will appear. 
 

 
 

• Select variable (variables) from the Select Variables screen. 
 
• Without Group Variable: This option is used when the data values of the variable 

(COPC) for the site and the background are given in separate columns. 
 

• With Group Variable: This option is used when data values of the variable (COPC) for 
the site and the background are given in the same column. The values are separated into 
different populations (groups) by the values of an associated Group Variable. When using 
this option, the user should select a group variable by clicking the arrow next to the 
Group Var option for a drop-down list of available variables. The user selects a group 
variable representing groups such as Background and AOC.  

 
•  When the Options button is clicked, the following window will be shown. 
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o Specify a Substantial Difference, S value. The default choice is 0.  
o Choose the Confidence level. The default choice is 95%.  
o Select the form of Null Hypothesis. The default is AOC <= Background (Form 1). 
o Click on OK button to continue or on Cancel button to cancel selected options. 
 

• Click on the OK button to continue or on the Cancel button to cancel the Site versus 
Background Comparison. 
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Output for Two-Sample Gehan Test (with Nondetects) 
 

 
 

9.2.2.3 Two-Sample Quantile Test for Data Sets with Nondetects  

Quantile test as described in EPA (1994) has been included in ProUCL 4.0. The detailed power of the test 
with many ND values is not well studied. The conclusion of this test should also be supplemented with 
graphical displays. The use of the Gehan test is preferred when the data set may consist of many NDs 
with multiple detection limits. 
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1. Click Hypothesis Testing ► Two Sample ► With NDs ► Quantile Test 
 

 
 
2.  The Select Variables Screen will appear. 
 

 
 

• Select variable (variables) from the Select Variables screen. 
 
• Without Group Variable: This option is used when the data values of the variable 

(COPC) for the site and the background are given in separate columns. 
 

• With Group Variable: This option is used when data values of the variable (COPC) for 
the site and the background are given in the same column. The values are separated into 
different populations (groups) by the values of an associated Group Variable. When using 
this option, the user should select a group variable by clicking the arrow next to the 
Group Var option for a drop-down list of available variables. The user selects an 
appropriate group variable representing groups such as Background and AOC.  

 
• When the Options button is clicked, the following window will be shown. 
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o Choose the Confidence level; the default choice is 95%. 
o Click on OK button to continue or on Cancel button to cancel the option. 
 

• Click on the OK button to continue or on the Cancel button to cancel the Site versus 
Background Comparison. 

 
Output for Two-Sample Quantile Test (with Nondetects) 
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Chapter 10 
 

Background Statistics 
 

This chapter illustrates the computations of various parametric and nonparametric statistics and upper 
limits that can be used as estimates of background threshold values (BTVs) and other not-to-exceed 
values. The BTV estimation methods are available for all data sets with and without nondetect (ND) 
observations. The details of those methods are given in Chapter 5 (full data sets without NDs) and 
Chapter 6 (data sets with NDs) of the revised background document for CERCLA sites (EPA, 2002). 
Technical details can also be found in the Technical Guide associated with ProUCL 4.0. For each selected 
variable, this option computes various upper limits such as UPLs, UTLs, and upper percentiles to estimate 
the background threshold values (BTVs) and other compliance limits that are used in site versus 
background evaluations.  
 
As before, two choices for data sets are available to compute background statistics: 
 

• Full – computes background statistics for a Full data set without any NDs. 
 
• With NDs – computes background statistics for a data set with nondetected as wells as 

detected values. Multiple detection limits are allowed. 
 
The user specifies the confidence level (probability) associated with each interval estimate. The 
reasonable confidence level as incorporated in ProUCL 4.0 represents a number in the interval [0.5, 1), 
0.5 inclusive. The default choice is 0.95.  
 
For data sets with and without NDs, ProUCL 4.0 can compute the following statistics that can be used as 
estimates of BTVs and not-to-exceed values. 
 

• Parametric and nonparametric upper percentiles. 
 
• Parametric and nonparametric upper prediction limits (UPLs) for a single observation, 

future or next k (≥ 1) observations, mean of next k observations. Here future k, or next k 
observations may also represent k observations from another population (e.g., site) 
different from the sampled (background) population (used to compute UPLs, UTLs). 

 
• Parametric and nonparametric upper tolerance Limits (UTLs).  

 
• Nonparametric IQR-based upper limits.  
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10.1 Background Statistics for Full Data Sets without Nondetects 

1. Click Background ► Full (w/o NDs) Background Statistics 
 

 
 

2. Select Full Background Statistics. 
 

• To compute the background statistics assuming the normal distribution, click on Normal 
from the drop-down menu list. 

 
• To compute the background statistics assuming the gamma distribution, click on Gamma 

from the drop-down menu list. 
 

• To compute the background statistics assuming the lognormal distribution, click on 
Lognormal from the drop-down menu list. 

 
• To compute the background statistics using distribution-free nonparametric methods, 

click on Non-Parametric from the drop-down menu list. 
 

• To compute and see all background statistics available in ProUCL 4.0, click on the All 
option from the drop-down menu list. 

10.1.1 Normal or Lognormal Distribution  

1. Click Background ► Full (w/o NDs) Background Statistics ► Normal or Lognormal 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables and select an appropriate group variable.  
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• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage coefficient (for a percentile) needed to compute UTLs. 
Coverage represents a number in the interval (0.0, 1). The default choice is 0.9. 
Remember, a UTL is an upper confidence limit (e.g., with confidence level = 0.95) 
for a 90% (e.g., with coverage = 0.90) percentile. 

o Specify the Different or Future K Values. The default choice is 1. It is noted that 
when K = 1, the resulting interval will be a UPL for a single future (or site) 
observations. In the example shown above, a value of K = 1 has been used.  

o Specify the Number of Bootstrap Operations (resamples). The default choice is 
2000. 

o Click on OK button to continue or on Cancel button to cancel this option. 
 

• Click on OK button to continue or on Cancel button to cancel the Background Statistics 
Options. 
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Output Screen for Normal Distribution (Full) 
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Output Screen for Lognormal Distribution (Full) 
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10.1.2 Gamma Distribution  

1. Click Background ► Full  (w/o NDs) Background Statistics ► Gamma 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in interval (0.0, 1). Default choice is 0.9.  
o Specify the next K. The default choice is 1. 
o Specify the Number of Bootstrap Operations. The default choice is 2000. 
o Click on OK button to continue or on Cancel button to cancel the option. 
 

• Click on OK button to continue or on Cancel button to cancel the Background Statistics 
Options. 

 

147 



Output Screen for Gamma Distribution (Full) 
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10.1.3 Nonparametric Methods  

1. Click Background ► Full (w/o NDs) Background Statistics ► Non-Parametric 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in the interval (0.0, 1). Default choice is 0.9.  
o Specify the next K. The default choice is 1. 
o Specify the Number of Bootstrap Operations. The default choice is 2000. 
o Click on the OK button to continue or on the Cancel button to cancel the option. 

 
• Click on OK button to continue or on Cancel button to cancel the Background Statistics 

Options. 
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Output Screen for Nonparametric Option (Full) 
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10.1.4 All Statistics Option 

1. Click Background ► Full Background Statistics ► All 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in the interval (0.0, 1). Default is 0.9.  
o Specify the next K. The default choice is 1.  
o Specify the Number of Bootstrap Operations. The default choice is 2000. 
o Click on OK button to continue or on Cancel button to cancel the option. 

 
• Click on OK button to continue or on Cancel button to cancel the Background Statistics 

Options. 
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Output Screen for All Statistics Option (Full) 
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10.2 Background Statistics with NDs 

1. Click Background ► With NDs Background Statistics 
 

 
 
2. Select the With NDs Background Statistics option. 
 

• To compute the background statistics assuming the normal distribution, click on Normal 
from the drop-down menu list. 

 
• To compute the background statistics assuming the gamma distribution, click on Gamma 

from the drop-down menu list. 
 

• To compute the background statistics assuming the lognormal distribution, click on 
Lognormal from the drop-down menu list. 

 
• To compute the background statistics using distribution-free methods, click on Non-

Parametric from the drop-down menu list. 
 

• To compute all available background statistics in ProUCL 4.0, click on the All option 
from the drop-down menu list. 

10.2.1 Normal or Lognormal Distribution  

1. Click Background ► With NDs Background Statistics ► Normal or Lognormal 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 
• When the option button is clicked, the following window will be shown.  
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o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in the interval (0.0, 1). Default choice is 0.9.  
o Specify the next K. The default choice is 1.  
o Specify the Number of Boostrap Operations. The default choice is 2000. 
o Click on the OK button to continue or on the Cancel button to cancel the option. 
 

• Click on OK button to continue or on Cancel button to cancel the Background Statistics 
Options. 
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Output Screen for Normal Distribution (with NDs) 
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Output Screen for Lognormal Distribution (with NDs) 
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10.2.2 Gamma Distribution  

1. Click Background ► With NDs Background Statistics ► Gamma 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in the interval (0.0, 1). Default choice is 0.9.  
o Click on the OK button to continue or on the Cancel button to cancel option. 
 

• Click on OK button to continue or on Cancel button to cancel the Background Statistics. 
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Output Screen for Gamma Distribution (with NDs) 
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10.2.3 Nonparametric Methods (with NDs) 

1. Click Background ► With NDs Background Statistics ► Non-Parametric 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in interval (0.0, 1). Default choice is 0.9.  
o Click on the OK button to continue or on the Cancel button to cancel the option. 
 

• Click on OK button to continue or on Cancel button to cancel the Background Statistics. 
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Output Screen for Nonparametric Methods (with NDs) 
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10.2.4 All Statistics Option  

 
1. Click Background ► With NDs Background Statistics ► All 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Coverage level; a number in the interval (0.0, 1). Default choice is 0.9.  
o Specify the Next K. The default choice is 1.  
o Click on the OK button to continue or on the Cancel button to cancel the option. 
 

• Click on OK button to continue or on Cancel button to cancel the Background Statistics. 
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Output Screen for All Statistics Option (with NDs) 
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Chapter 11 
 

Computing Upper Confidence Limits (UCLs) of Mean 
 

The UCL computation module of ProUCL 4.0 represents an update of the UCL module of ProUCL 3.0. 
The detailed theory and formulae used to compute gamma and lognormal statistics are given by Land 
(1971, 1975), Gilbert (1987), Singh, Singh, and Engelhardt (1997, 1999), Singh et al. (2002a), Singh et al. 
(2002b), and Singh and Singh (2003).  
 
Several parametric and nonparametric UCL computation methods for data sets with NDs have been 
incorporated in ProUCL 4.0. Methods such as the Kaplan-Meier (KM) and regression on order statistics 
(ROS) methods as incorporated in ProUCL 4.0 can handle multiple detection limits. For details regarding 
the distributions and methods available in ProUCL 4.0, refer to the ProUCL 4.0 Technical Guide and 
Singh, Maichle, and Lee (USEPA, 2006). Recommendations for the computations of UCLs for data sets 
with NDs have been made based upon the findings of the simulation experiments performed by Singh, 
Maichle, and Lee (USEPA, 2006).  
 
In ProUCL 4.0, two choices are available to compute UCL statistics: 
 

• Full – Computes UCLs for full data sets without any nondetected values. 
 
• With NDs - Computes UCLs for data sets that have detected as well as BDL 

observations. It is pointed out that it is not desirable to use statistical methods as 
incorporated in ProUCL 4.0 on data sets consisting of all nondetect values. Discussion 
about the detection sampling frequency is provided in Chapter 1 of this User Guide. 
Some of the available methods can handle multiple detection limits. The program 
provides a message to the user about the use of an appropriate method when multiple 
detection limits may be present.  

 
• For full data sets without NDs and also for data sets with NDs, the following options and 

choices are available to compute UCLs of the population mean. 
 

o The user specifies the confidence level; a number in the interval [0.5, 1), 0.5 
inclusive. The default choice is 0.95.  

o The program computes several nonparametric UCLs using the central limit theorem 
(CLT), Chebyshev inequality, jackknife, and bootstrap re-sampling methods. 

o For the bootstrap method, the user can select the number of bootstrap runs (re-
samples). The default choice for the number of bootstrap runs is 2000.  

o The user is responsible for selecting an appropriate choice for the data distribution: 
normal, gamma, lognormal, or nonparametric. It is desirable that user determines data 
distribution using the Goodness-of-Fit test option prior to using the UCL option. The 
UCL option informs the user if data are normal, gamma, lognormal, or a non-
discernable distribution. Program computes statistics depending on the user selection.  

o For data sets, which are not normal, one may try the gamma UCL next. The program 
will offer you advice if you chose the wrong UCL option. 

o For data sets, which are neither normal nor gamma, one may try the lognormal UCL.  
The program will offer you advice if you chose the wrong UCL option. 
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o Data sets that are not normal, gamma, or lognormal are classified as distribution-free 
nonparametric data sets. The user may use nonparametric UCL option for such data 
sets. The program will offer you advice if you chose the wrong UCL option. 

o The program also provides the All option. By selecting this option, the UCLs are 
computed using most of the relevant methods available in ProUCL 4.0. The program 
informs the user about the distribution of the underlying data set, and offers advice 
regarding the use of an appropriate UCL. 

o For lognormal data sets, ProUCL can compute only a 90% or a 95% Land’s statistic- 
based H-UCL of the mean. For all other methods, ProUCL can compute a UCL for 
any confidence coefficient in the interval [0.5,1.0), 0.5 inclusive. 

o If you have selected a distribution, then ProUCL will provide a recommended UCL 
computation method for 0.95, confidence coefficient. Even though ProUCL can 
compute UCLs for confidence coefficients in the interval [0.5, 1.0), 
recommendations are provided only for 95% UCL; as EPC term is estimated by a 
95% UCL of the mean.  

 
Note: It is recommended that the user identify a few low probability outlying observations that may be 
present in the data set. Outliers distort many statistics of interest including summary statistics, data 
distributions, test statistics, UCLs, and estimates of BTVs. Decisions based upon distorted statistics may 
be misleading and incorrect. The objective is to compute relevant statistics and estimates based upon the 
majority of the data set(s) representing the dominant population(s). Those few low probability outlying 
observations require separate attention and investigation. The project team should decide about the 
proper disposition (to include or not to include) of outliers before computing the statistics to estimate the 
EPC terms and BTVs. In order to determine and compare the improper and unbalanced influence of 
outliers on UCLs and background statistics, the project team may want to compute statistics using data 
sets with outliers and without outliers. 

11.1 UCLs for Full Data Sets 

11.1.1 Normal Distribution (Full Data Sets without NDs) 

1. Click UCL ► Full ► Normal 
 

 
 
2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If needed, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
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o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Click on OK button to continue or on Cancel button to cancel the option. 
 

• Click on OK button to continue or on Cancel button to cancel the UCL computation 
option. 
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Output Screen for Normal Distribution (Full Data without NDs) 
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11.1.2 Gamma, Lognormal, Nonparametric, All Statistics Option (Full Data without NDs) 

1. Click UCL ► Full ► Gamma, Lognormal, Non-Parametric, or All 
 

 
 

2. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If desired, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable.  
 

• When the option button is clicked, the following window will be shown.  
 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Number of Bootstrap Operations (runs). Default choice is 2000.  
o Click on OK button to continue or on Cancel button to cancel the UCLs option. 
 

• Click on OK button to continue or on Cancel button to cancel the selected UCL 
computation option. 
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Output Screen for Gamma Distribution (Full) 
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Output Screen for Lognormal Distribution (Full) 
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Output for Nonparametric Methods (Full Data without NDs) 
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Output Screen for All Statistics Option (Full Data without NDs) 
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Note: Once again, it should be noted that the number of valid samples represents the total number of 
samples minus (-) the missing values (if any). The number of unique or distinct samples simply represents 
number of distinct observations. The information about the number of distinct samples is useful when 
using bootstrap methods. Specifically, it is not desirable to use bootstrap methods on data sets with only a 
few (< 4-5) distinct values. 

11.2 UCL for Data Sets with NDs 

1. Click UCL ► With NDs  
 

 
 
2. Choose the Normal, Gamma, Lognormal, Non-Parametric, or All option. 
 
3. The Select Variables Screen (Chapter 3) will appear.  
 

• Select a variable (variables) from the Select Variables screen.  
 
• If desired, select a group variable by clicking the arrow below the Group by variable to 

obtain a drop-down list of available variables, and select a proper group variable. The 
selection of this option will compute the relevant statistics separately for each group that 
may be present in the data set. 

 
• When the option button is clicked, the following window will be shown.  

 

 
 

o Specify the Confidence Level; a number in the interval [0.5, 1), 0.5 inclusive. The 
default choice is 0.95.  

o Specify the Number of Bootstrap Operations. The default choice is 2000.  
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o Click on OK button to continue or on Cancel button to cancel the UCLs option. 
 

• Click on OK button to continue or on Cancel button to cancel the selected UCL 
computation option. 

 
Output Screen for Normal Distribution (with NDs) 
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Output Screen for Normal Distribution (with NDs) – Continued 
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Output Screen for Gamma Distribution (with NDs) 
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Output Screen for Gamma Distribution (with NDs) – Continued 
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Output Screen for Lognormal Distribution (with NDs) 
 

 
 

Note: Once again, it should be noted that the number of valid samples represents total number of samples 
minus (-) the missing values (if any). The number of unique or distinct samples simply represents number 
of distinct observations. The information about the number of distinct samples is useful when using 
bootstrap methods. Specifically, it is not desirable to use bootstrap methods on data sets with only a few 
(< 4-5) distinct values. 
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Output Screen for Lognormal Distribution (with NDs) – Continued 
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Output Screen for Nonparametric Methods (with NDs) 
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Output for Nonparametric Methods (with NDs) – Continued 
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Output Screen for All Statistics Option (with NDs) 

 

 
 
Note: Once again, it should be noted that the number of valid samples represents the total number of 
samples minus (-) the missing values (if any). The number of unique or distinct samples simply represents 
number of distinct observations. The information about the number of distinct samples is useful when 
using bootstrap methods. Specifically, it is not desirable to use bootstrap methods on data sets with only a 
few (< 4-5) distinct values.
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Output Screen for All Statistics Option (with NDs) – Continued 
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Chapter 12 
 

Windows 
 

 
 
Click on the Window menu to reveal the drop-down options shown above. 
 
The following Window drop-down menu options are available: 
 

• Cascade option: arranges windows in a cascade format. This is similar to a typical 
Windows program option. 

 
• Tile option: resizes each window vertically or horizontally and then displays all open 

windows. This is similar to a typical Windows program option. 
 

• The drop-down options list also includes a list of all open windows with a check mark in 
front of the active window. Click on any of the windows listed to make that window 
active. This is especially useful if you have more than 20 windows open, as the 
navigation panel only holds the first 20 windows.  
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Chapter 13 
 

Help 
 

When the Help menu is clicked, the following window will appear. 
 

 
 
Three options are available under Help menu: 
 

• About ProUCL: This option provides a brief description of ProUCL 4.0, and all 
improvements made compared to ProUCL 3.0. 

 
• Statistical Help: This option executes an online help directory. This option provides 

information about the various algorithms and formulae (with references) used in the 
development of ProUCL 4.0. More information on the various topics covered under 
Statistical Help is provided below. 

 
• Technical Support: This option will provide contact information for primary technical 

support via phone and e-mail. 
 
Statistical Help provides online help notes for the methods and options available in ProUCL 4.0. A screen 
(shown below), listing the topics containing help notes, appears after clicking on the Help menu. 
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The online help directory is divided into the following submenus: 
 

• Getting Started: This chapter provides basic information on the software, including 
software installation to various menu displays. 

 
• Summary Statistics: This chapter provides information and examples on procedures for 

simple classical summary statistics for data sets with and without nondetects. 
 

• ROS Estimates of NDs: This chapter briefly describes the estimation (extrapolation) of 
nondetects using regression on order statistics (ROS) for normal, lognormal, and gamma 
distribution. 

 
• Graphs: This chapter provides information and examples on the graphical displays that 

ProUCL 4.0 can produce: box plots, histograms, and Multi Q-Q plots. 
 

• Outlier Tests: This chapter provides information and examples for two classical outlier 
tests available in ProUCL 4.0: Dixon’s and Rosner’s tests for data sets with and without 
outliers.  

 
• Goodness-of-Fit: This chapter provides information and examples for several goodness-

of-fit tests available in ProUCL 4.0 for data sets with and without NDs. 
 

• Background Statistics: This chapter provides information and examples for the 
computation of Background Statistics needed to estimate the BTVs and not-to-exceed 
values. These statistics are sometimes used to compare point-by-point site data (not more 
than 4 to 5 site samples) with the BTVs. 

 
• Hypotheses Testing: This chapter provides brief descriptions (with examples) of the 

various single sample and two-sample hypotheses testing approaches as incorporated in 
ProUCL 4.0.  

 
o Single Sample Hypotheses Testing: This chapter provides brief description and 

examples of single sample hypotheses testing approaches that are useful to compare 
site concentrations with cleanup standards, compliance limits, or not-to-exceed 
limits. The minimum sample size requirements for site data are briefly discussed in 
Chapter 1 of this User Guide. 

o Two-sample hypotheses are used to compare site data with background data (or 
upgradient and downgradient wells) provided enough site and background data are 
available. The minimum sample size requirements for site and background data are 
briefly discussed in Chapter 1 of this User Guide.  

 
• Upper Confidence Limits (UCLs): This option provides information and examples for the 

various UCL computation methods as incorporated in ProUCL 4.0. 
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Chapter 14 
 

Handling the Output Screens and Graphs 
Copying Graphs  

1. Click the graph you want to copy or save in the Navigation Panel. The graphs can be saved using 
the copy option.  

 

 
 
2. Click Edit ► Copy Graph. 
 

 
 
3. Once the user has clicked “Copy Graph,” the graph is ready to be imported (pasted) into most 

Microsoft Office applications (Word, Excel, and PowerPoint have been tested) by clicking      
Edit ► Paste in these Microsoft applications.  
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4. It is important to note that the graph cannot be saved as its own file and must be imported into an 
application to be saved. This will save the graph, but the overall file attribute and properties will 
be that of the application in which the graph was saved in. For example, if the graph was saved 
within Microsoft Word, the graph will be saved in a document with a .doc extension. 

Printing Graphs 

1. Click the graph you want to print in the Navigation Panel. 
 
2. Click File ► Page Setup.  
 

 
 
3. Check the radio button next to Portrait or Landscape, and click OK. In some cases, with larger 

headings and captions, it may be desirable to use the Landscape printing option. 
 

 
 

4. Click File ► Print to print the graph, and File ► Print Preview to preview the graph before 
printing. 
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Printing Non-graphical Outputs 

1.  Click the output you want to copy or print in the Navigation Panel.  
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2. Click File ► Print. 

 

Saving Output Screens as Excel Files 

1. Click on the output you want to save in the Navigation Panel List.  
 
2. Click File ► Other Files… ►Export Excel (preserve formatting). 
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3. Enter the desired file name you want to use, and click Save, and save the file in the desired folder 

using your browser. 
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Chapter 15 
 

Recommendations to Compute a 95% UCL (Estimate of EPC 
Term) of the Population Mean, μ1, Using Symmetric and 

Positively Skewed Full Data Sets without any Nondetects 
 

This chapter describes the recommendations for the computation of a 95% UCL of the unknown 
population arithmetic mean, μ1, of a contaminant data distribution based upon full data sets without any 
nondetect observations. These recommendations are based upon the findings of Singh, Singh, and 
Engelhardt (1997, 1999); Singh et al. (2002a); Singh, Singh, and Iaci (2002b); and Singh and Singh 
(2003). These recommendations are applicable to full data sets without censoring and nondetect (ND) 
observations. Recommendations to compute UCL95 based upon data sets with NDs are summarized in 
Chapter 16. 
 
For skewed parametric as well as nonparametric data sets, there is no simple solution to compute a 95% 
UCL of the population mean, μ1. Contrary to the general conjecture, Singh et al. (2002a); Singh, Singh, 
and Iaci (2002b); and Singh and Singh (2003) noted that the UCLs based upon the skewness adjusted 
methods, such as the Johnson’s modified t and Chen’s adjusted-CLT do not provide the specified 
coverage (e.g., 95 %) to the population mean even for mildly to moderately skewed (e.g.,  the sd of log-
transformed data in interval [0.5, 1.0)) data sets for samples of size as large as 100. The coverage of the 
population mean by the skewness-adjusted UCLs becomes much smaller than the specified coverage of 
0.95 for highly skewed data sets, where skewness is defined as a function of σ or  (sd of log-
transformed data).  

σ̂

σ̂

 
It is noted that even though, the simulation results for highly skewed data sets of small sizes suggest that 
the bootstrap t and Hall’s bootstrap methods do approximately provide the adequate coverage to the 
population mean, sometimes in practice these two bootstrap methods yield erratic inflated values (orders 
of magnitude higher than the other UCL values) when dealing with individual highly skewed data sets of 
small sizes. This is especially true when potential outliers may be present in the data set. ProUCL 4.0 
provides warning messages whenever the recommendations are made regarding the use the bootstrap t 
method or Hall’s bootstrap method. 

15.1 Normally or Approximately Normally Distributed Data Sets 

• For normally distributed data sets, a UCL based upon the Student’s t-statistic provides the 
optimal UCL of the population mean. Therefore, for normally distributed data sets, one 
should always use a 95% UCL based upon the Student’s t-statistic. 

 
• The 95% UCL of the mean based upon Student’s t-statistic may also be used when the 

Sd, sy of the log-transformed data, is less than 0.5, or when the data set approximately 
follows a normal distribution. Typically, a data set is approximately normal when the 
normal Q-Q plot displays a linear pattern (without outliers and jumps of significant 
magnitude) and the resulting correlation coefficient is high (e.g., 0.95 or higher). The 
jumps and breaks in a Q-Q plot (even with a high correlation coefficient) suggest the 
presence of multiple populations in the data set under study. 
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• Student’s t-UCL may also be used when the data set is symmetric (but possibly not 
normally distributed). A measure of symmetry (or skewness) is 3k̂ .  A value of 3k̂  close 
to zero (e.g., if the absolute value of the skewness is roughly less than 0.2 or 0.3) suggests 
approximate symmetry. The approximate symmetry of a data distribution can also be 
judged by looking at the histogram of the data set. 

15.2 Gamma Distributed Skewed Data Sets 

In practice, many skewed data sets can be modeled both by a lognormal distribution and a gamma 
distribution, especially when the sample size is smaller than 70-100. As well known, the 95% H-UCL of 
the mean based upon a lognormal model often behaves in an erratic manner. Specifically, 95% H-UCL 
often results in an unjustifiably large and impractical 95% UCL value when the sample size is small (e.g., 
n <20, 50, ..) and skewness is high. Moreover, it is also observed that a 95% UCL based upon Land H- 
statistic becomes even smaller than the sample arithmetic mean. This is especially true for mildly skewed 
to moderately skewed data sets of large sizes (e.g., > 50-70). In such cases, a gamma model, G(k, θ), may 
be used to compute a reliable 95% UCL of the unknown population mean, μ1.  
 

• Many skewed data sets follow a lognormal as well as a gamma distribution. It should be 
noted that the population means based upon the two models could differ significantly. A 
lognormal model based upon a highly skewed (e.g., σ̂  ≥ 2.5) data set will have an 
unjustifiably large and impractical population mean, μ1, and its associated UCL. The 
gamma distribution is better suited to model positively skewed environmental data sets. 

 
• One should always first check if a given skewed data set follows a gamma distribution. If 

a data set does follow a gamma distribution or an approximate gamma distribution, one 
should compute a 95% UCL based upon a gamma distribution. Use of highly skewed 
(e.g., σ̂  ≥ 2.5-3.0) lognormal distributions should be avoided. For such highly skewed 
lognormally distributed data sets that cannot be modeled by a gamma or an approximate 
gamma distribution, nonparametric UCL computation methods based upon the 
Chebyshev inequality may be used.  

 
• The five bootstrap methods do not perform better than the two gamma UCL computation 

methods. It is noted that the performances (in terms of coverage probabilities) of the 
bootstrap t and Hall’s bootstrap methods are very similar. Out of the five bootstrap 
methods, bootstrap t and Hall’s bootstrap methods perform the best (with coverage 
probabilities for population mean closer to the nominal level of 0.95). This is especially 
true when the skewness is quite high (e.g., k̂  < 0.1) and the sample size is small (e.g., n < 
10-15). Whenever the use of Hall’s UCL or bootstrap t UCL is recommended, an 
informative warning message about their use is also provided. 

 
• Contrary to the conjecture, the bootstrap BCA method does not perform better than the 

Hall’s method or the bootstrap t method. The coverage for the population mean, μ1, 
provided by the BCA method is much lower than the specified 95% coverage. This is 
especially true when the skewness is high (e.g., k̂ < 1) and the sample size is small (e.g., 
Singh and Singh (2003), and Singh, Singh, and Iaci (2002b)). 
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• From the results presented in Singh, Singh, and Iaci (2002b), and in Singh and Singh 
(2003), it is concluded that for data sets which follow a gamma distribution, a 95% UCL 
of the mean should be computed using the adjusted gamma UCL when the shape 
parameter, k, is: 0.1 ≤ k < 0.5, and for values of k ≥ 0.5, a 95% UCL can be computed 
using an approximate gamma UCL of the mean, μ1.  

 
• For highly skewed gamma distributed data sets with k < 0.1, the bootstrap t UCL or 

Hall’s bootstrap (Singh and Singh 2003) may be used when the sample size is smaller 
than 15, and the adjusted gamma UCL should be used when the sample size starts 
approaching or exceeding 15. The small sample size requirement increases as the 
skewness increases (that is, as k decreases, the required sample size, n, increases). 

 
• The bootstrap t and Hall’s bootstrap methods should be used with caution as these 

methods may yield erratic, unreasonably inflated, and unstable UCL values, especially in 
the presence of outliers. In case Hall’s bootstrap and bootstrap t methods yield inflated 
and erratic UCL results, the 95% UCL of the mean should be computed based upon the 
adjusted gamma 95% UCL. ProUCL 4.0 prints out a warning message associated with the 
recommended use of the UCLs based upon the bootstrap t method or Hall’s bootstrap 
method. The recommendations for gamma distribution are summarized in Table 15-1. 

 
Table 15-1. Computation of a UCL95 of the Unknown Mean, μ1, of a Gamma Distribution 
  

k̂  Sample Size, n Recommendation 

k̂  ≥ 0.5 For all n Approximate gamma 95% UCL 

0.1 ≤ < 0.5 k̂ For all n Adjusted gamma 95% UCL 

k̂  < 0.1 n < 15 95% UCL based upon bootstrap t 
or Hall’s bootstrap method* 

k̂  < 0.1 n ≥ 15 Adjusted gamma 95% UCL if available, 
otherwise use approximate gamma 95% UCL 

 
*If bootstrap t or Hall’s bootstrap methods yield erratic, inflated, and unstable UCL values (which often 
happens when outliers are present), the UCL of the mean should be computed using the adjusted gamma 
UCL. 

15.3 Lognormally Distributed Skewed Data Sets 

For lognormally, LN (μ, σ2), distributed data sets, the H-statistic-based H-UCL provides specified 0.95, 
coverage for the population mean for all values of σ. However, the H-statistic often results in unjustifiably 
large UCL values that do not occur in practice. This is especially true when the skewness is high (e.g., σ > 
2.0). The use of a lognormal model unjustifiably accommodates large and impractical values of the mean 
concentration and its UCLs. The problem associated with the use of a lognormal distribution is that the 
population mean, μ1, of a lognormal model becomes impractically large for larger values of σ, which in 
turn results in an inflated H-UCL of the population mean, μ1. Since the population mean of a lognormal 
model becomes too large, none of the other methods, except for the H-UCL, provides the specified 95% 
coverage for that inflated population mean, μ1. This is especially true when the sample size is small and 
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the skewness is high. For extremely highly skewed data sets (with σ > 2.5-3.0) of smaller sizes (e.g., < 70-
100), the use of a lognormal distribution-based H-UCL should be avoided (e.g., see Singh et al. (2002a) 
and Singh and Singh (2003)). Therefore, alternative UCL computation methods, such as the use of a 
gamma distribution or the use of a UCL based upon nonparametric bootstrap methods or the Chebyshev 
inequality-based methods, are desirable. All skewed data sets should first be tested for a gamma 
distribution. For lognormally distributed data (that cannot be modeled by gamma distribution), methods 
summarized in Table 15-2 may be used to compute a 95% UCL of mean.  
 
ProUCL can compute an H-UCL for samples of sizes up to 1000. For highly skewed lognormally 
distributed data sets of smaller sizes, alternative methods to compute a 95% UCL of the population mean, 
μ1, are summarized in Table 15-2. Since skewness is a function of σ (or ), the recommendations for the 
computation of the UCL of the population mean are also summarized in terms of σ  and the sample size, 
n. Here,  is an MLE of σ, and is given by the Sd of log-transformed data. Note that Table 15-2 is 
applicable only to the computation of a 95% UCL of the population mean based upon lognormally 
distributed data sets without nondetect observations.  

σ̂
ˆ

σ̂

 
Table 15-2. Computation of a 95% UCL of Mean, µ1 of a Lognormal Population 
 

σ̂  Sample Size, n Recommendation 

σ̂  < 0.5 For all n Student’s t, modified t, or H-UCL 

0.5 ≤ σ  < 1.0 ˆ For all n H-UCL 

n < 25 95% Chebyshev (MVUE) UCL 
1.0 ≤ σ  < 1.5 ˆ

n ≥ 25 H-UCL 

n < 20 99% Chebyshev (MVUE) UCL 

20 ≤ n < 50 95% Chebyshev (MVUE) UCL 
 

1.5 ≤ σ  < 2.0 ˆ
n ≥ 50 H-UCL 

n < 20 99% Chebyshev (MVUE) UCL 

20 ≤ n < 50 97.5% Chebyshev (MVUE) UCL 

50 ≤ n < 70 95% Chebyshev (MVUE) UCL 

 
1.5 ≤ σ  < 2.0 ˆ

 
n ≥ 70 H-UCL 

n < 30 Larger of 99% Chebyshev (MVUE) UCL or 
99% Chebyshev (Mean, Sd) 

30 ≤ n < 70 97.5% Chebyshev (MVUE) UCL 

70 ≤ n < 100 95% Chebyshev (MVUE) UCL 
2.5 ≤ σ  < 3.0 ˆ

n ≥ 100 H-UCL 

n < 15 Hall’s bootstrap method* 

15 ≤ n < 50 Larger of 99% Chebyshev (MVUE) UCL or 
99% Chebyshev (Mean, Sd) 

50 ≤ n < 100 97.5% Chebyshev (MVUE) UCL 

100 ≤ n < 150 95% Chebyshev (MVUE) UCL 

 
3.0 ≤ σ  ≤ 3.5 ˆ

 

n ≥ 150 H-UCL 

σ̂  > 3.5 For all n Use nonparametric methods* 
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*If Hall’s bootstrap method yields an erratic or unrealistically large UCL value, then the UCL of the mean 
may be computed based upon the Chebyshev inequality. 

15.4 Data Sets without a Discernable Skewed Distribution – Nonparametric 
Methods for Skewed Data Sets 

The use of gamma and lognormal distributions as discussed here cover a wide range of skewed data 
distributions. For skewed data sets which are neither gamma nor lognormal, one can use a nonparametric 
Chebyshev UCL or Hall’s bootstrap UCL (for small samples) of the mean to estimate the EPC term.  
 

• For skewed nonparametric data sets with negative and zero values, use a 95% Chebyshev 
(Mean, Sd) UCL for the population mean, μ1. 

 
For all other nonparametric data sets with only positive values, the following method may be used to 
estimate the EPC term. 
 

• For mildly skewed data sets with σ̂  ≤ 0.5, one can use the Student’s t-statistic or 
modified t-statistic to compute a 95% UCL of mean, μ1. 

 
• For nonparametric moderately skewed data sets (e.g., σ or its estimate, σ̂ , in the interval 

(0.5, 1]), one may use a 95% Chebyshev (Mean, Sd) UCL of the population mean, μ1. 
 

• For nonparametric moderately to highly skewed data sets (e.g., σ̂  in the interval (1.0, 
2.0]), one may use a 99% Chebyshev (Mean, Sd) UCL or a 97.5% Chebyshev (Mean, Sd) 
UCL of the population mean, µ1, to obtain an estimate of the EPC term. 

 
• For highly skewed to extremely highly skewed data sets with σ̂  in the interval (2.0, 3.0], 

one may use Hall’s UCL or a 99% Chebyshev (Mean, Sd) UCL to compute the EPC term.  
 

• Extremely skewed nonparametric data sets with σ exceeding 3 provide poor coverage. 
For such highly skewed data distributions, none of the methods considered provide the 
specified 95% coverage for the population mean, μ1. The coverage provided by the 
methods decrease as σ increases. For such data sets of sizes less than 30, a 95% UCL can 
be computed based upon Hall’s bootstrap method or bootstrap t method. Hall’s bootstrap 
method provides the highest coverage (but less than 0.95) when the sample size is small. 
It is noted that the coverage for the population mean provided by Hall’s method (and 
bootstrap t method) does not increase much as the sample size, n, increases. However, as 
the sample size increases, coverage provided by the 99% Chebyshev (Mean, Sd) UCL 
method also increases. Therefore, for larger samples, a UCL should be computed based 
upon the 99% Chebyshev (Mean, Sd) method. This large sample size requirement 
increases as σ̂  increases. These recommendations are summarized in Table 15-3. 
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Table 15-3. Computation of 95% UCL of Mean, µ1, Based Upon a Skewed Data Set (with all positive values) without a 
Discernable Distribution, where σ  is sd of Log-Transformed Data ˆ
 

σ̂  Sample Size, n Recommendation 

σ̂  ≤ 0.5 For all n 95% UCL based on Student’s t or modified t-statistic 

0.5 <  ≤ 1.0 σ̂ For all n 95% Chebyshev (Mean, Sd) UCL 

n < 50 99% Chebyshev (Mean, Sd) UCL 
1.0 <  ≤ 2.0 σ̂

n ≥ 50 97.5% Chebyshev (Mean, Sd) UCL 

n <10 Hall’s Bootstrap UCL* 
2.0 <  ≤ 3.0 σ̂

n ≥10 99% Chebyshev (Mean, Sd) UCL 

n < 30 Hall’s Bootstrap UCL* 
3.0 <  ≤ 3.5 σ̂

n ≥ 30 99% Chebyshev (Mean, Sd) UCL 

n < 100 Hall’s Bootstrap UCL* 
σ̂  > 3.5 

n ≥ 100 99% Chebyshev (Mean, Sd) UCL 

 
*If Hall’s bootstrap method yields an erratic and unstable UCL value (e.g., happens when outliers are 
present), a UCL of the population mean may be computed based upon the 99% Chebyshev (Mean, Sd) 
method. The results as summarized in Tables 15-1 through 15-3 are summarized in Table 15-4, shown on 
the next page. 
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Table 15-4. Recommended UCL95 Computation Methods for Full-Uncensored Data Sets without Nondetect Observations 
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Normal or Approximate Normal (with σ  < 0.5) Distribution ˆ
 All n • •            

Gamma Distribution 

n < 15    •        •  
k̂  < 0.1 

n > 15           •  • 
0.1 ≤  < 0.5 k̂ All n             • 

k̂  ≥ 0.5 All n           •   
Lognormal Distribution 

σ̂  < 0.5 All n • • •           
0.5 ≤ σ  < 1.0 ˆ All n   •           

n < 25     •         
1.0 ≤ σ  < 1.5 ˆ

n ≥ 25   •           
n < 20       •       

20 ≤ n < 50     •         
 

1.5 ≤ σ  < 2.0 ˆ
n ≥ 50   •           
n < 20       •       

20 ≤ n < 50      •        
50 ≤ n < 70     •         

 
2.0 ≤ σ  < 2.5 ˆ

 
n ≥ 70   •           
n < 30       •   •    

30 ≤ n < 70      •        
70 ≤ n < 100     •         

2.5 ≤ σ  < 3.0 ˆ

n ≥ 100   •           
n < 15    •          

15 ≤ n < 50       •   •    
50 ≤ n < 100      •        

100 ≤ n < 150     •         

 
3.0 ≤  ≤ 3.5 σ̂

 

n ≥ 150   •           
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Table 15-4. Recommended UCL95 Computation Methods for Full-Uncensored Data Sets without Nondetect 
Observations-Continued 
 

 

Sample Size 95
%

 S
tu

de
nt

 t 

95
%

 m
od

ifi
ed

 t 

95
%

 H
-U

C
L 

95
%

 H
al

l's
 B

oo
ts

tr
ap

 

95
%

 C
he

by
sh

ev
 (M

VU
E)

 

97
.5

%
 C

he
by

sh
ev

 (M
VU

E)
 

99
%

 C
he

by
sh

ev
 (M

VU
E)

 

95
%

 C
he

by
sh

ev
 (M

ea
n,

 S
d)

 

97
.5

%
 C

he
by

sh
ev

 (M
ea

n,
 S

d)
 

99
%

 C
he

by
sh

ev
 (M

ea
n,

 S
d)

 

95
%

 A
pp

ro
x.

 G
am

m
a 

 

95
%

 B
oo

ts
tr

ap
 t 

95
%

 A
dj

us
te

d 
G

am
m

a 

Nonparametric Distribution Free Methods 

σ̂  ≤ 0.5 All n • •            
0.5 < σ  ≤ 1.0 ˆ All n        •      

n < 50          •    
1.0 < σ  ≤ 2.0 ˆ

n ≥ 50         •     
n < 10    •          

2.0 < σ  ≤ 3.0 ˆ
n ≥ 10          •    
n < 30    •          

3.0 < σ  ≤ 3.5 ˆ
n ≥ 30          •    

n < 100    •          σ̂  > 3.5 
n ≥ 100          •    

 

15.5 Should the Maximum Observed Concentration be Used as an 
Estimate of the EPC Term? 

This topic has been discussed earlier in Chapter 1. It is included here only for the convenience of the user. 
In practice, a typical user tends to use the maximum sample value as an estimate of the EPC term. This is 
especially true when the sample size is small or the data are highly skewed. The discussion and 
suggestions as described in Chapter 1 apply to both Chapters 15 and 16. Singh and Singh (2003) studied 
the max test (using the maximum observed value as an estimate of the EPC term) in their simulation 
study. Previous (e.g., RAGS document (EPA, 1992)) use of the maximum observed value has been 
recommended as a default option to estimate the EPC term when a 95% UCL (e.g., the H-UCL) exceeded 
the maximum value. Only two 95% UCL computation methods, namely the Student’s t-UCL and Land’s 
H-UCL, were used previously to estimate the EPC term (e.g., EPA, 1992). ProUCL 4.0 can compute a 
95% UCL of the mean using several methods based upon the normal, gamma, lognormal, and 
“nonparametric” distributions.  Furthermore, since the EPC term represents the average exposure 
contracted by an individual over an exposure area (EA) during a long period of time, the EPC term should 
be estimated by using an average value (such as an appropriate 95% UCL of the mean) and not by the 
maximum observed concentration.  
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Singh and Singh (2003) also noted that for skewed data sets of small sizes (e.g., < 10-20), the max test 
does not provide the specified 95% coverage to the population mean, and for larger data sets, it 
overestimates the EPC term which may require unnecessary further remediation. For the distributions 
considered, the maximum value is not a sufficient statistic for the unknown population mean. The use of 
the maximum value as an estimate of the EPC term ignores most (except for the maximum value) of the 
information contained in a data set. It is, therefore, not desirable to use the maximum observed value as 
an estimate of the EPC term representing average exposure by an individual over an EA.  
 
It is recommended that the maximum observed value NOT be used as an estimate of the EPC term. 
For the sake of interested users, ProUCL displays a warning message when the recommended 95% UCL 
(e.g., Hall’s bootstrap UCL) of the mean exceeds the observed maximum concentration. When a 95% 
UCL exceeds the maximum observed value, ProUCL recommends the use of an alternative UCL method 
based upon a 97.5% or 99% Chebyshev UCL. 
 
It should also be noted that for highly skewed data sets, the sample mean indeed can even exceed the 
upper 90%, or higher, etc., percentiles, and consequently, a 95% UCL of the mean can exceed the 
maximum observed value of a data set. This is especially true when one is dealing with lognormally 
distributed data sets of small sizes. For such highly skewed data sets which cannot be modeled by a 
gamma distribution, a 95% UCL of the mean should be computed using an appropriate nonparametric 
method as summarized in Table 15-4.  
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Chapter 16 
 

Recommendations to Compute a 95% UCL of the Population 
Mean, μ1, Using Data Sets with Nondetects with Multiple 

Detection Limits 
 

This chapter summarizes the recommendations based on the simulation experiments conducted by Singh, 
Maichle, and Lee (USEPA, 2006) to compare the performances of the UCL computation methods based 
upon data sets with BDLs and multiple detection limits (DLs). ProUCL 4.0 suggests the use of 
appropriate UCLs based upon the findings of Singh, Maichle, and Lee (USEPA, 2006). For convenience, 
the recommended UCL95 computation methods have been tabulated in Table 16 as functions of the 
sample size, skewness, and censoring intensity. General observations and recommendations regarding the 
difficulties associated with data sets with NDs are described first. 

16.1 General Recommendations and Suggestions 

• In practice, it is not easy to verify (perform goodness-of-fit) the distribution of a left-
censored data set with NDs. Therefore, emphasis is given on the use of nonparametric 
UCL95 computation methods, which can also be used to handle multiple detection limits.  

 
• This is specifically true when the percentage (%) of nondetects exceeds 40%-50%. 
 
• Most of the parametric MLE methods assume that there is only one detection limit. It 

should also be noted that the MLEs behave in an unstable manner when the % of NDs 
exceeds 40%-50%. Moreover, as mentioned before, it is hard to verify and justify the 
conclusion of a GOF test for data sets with nondetects in excess of 40%-50%.  

 
• Therefore, for data sets with many nondetects (> 40%-50%), it is suggested to use 

nonparametric methods to estimate the various environmental parameters (BTVs, EPC 
terms) of interest and to perform site versus background comparisons. 

 
• In practice, a left-censored data set often has multiple detection limits. For such methods, 

the KM method can be used. ProUCL 4.0 provides UCL computation methods that can 
be used on data sets with multiple detection limits including the DL/2 method, KM 
method, and robust ROS method.  

 
• As mentioned earlier, for reliable and accurate results, it is suggested that the user make 

sure that the data set under study represents a single statistical population (e.g., 
background reference area, or an AOC) and not a mixture population (e.g., clean and 
contaminated site areas). 

 
• It is recommended to identify all of the potential outliers and study them separately. The 

computation of the statistics such as UCL95 and background statistics should be based 
upon the majority of the data set representing a single dominant population. Decisions 
about the appropriate disposition (include or not include) of outliers should be made by 
all interested members of the project team. When in doubt, it is suggested to compute and 
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• Simple classical outlier identification methods (Dixon test and Rosner test) are also 

available in ProUCL 4.0. More effective robust outlier procedures (e.g., Rousseeuw and 
Leroy (1987) and Singh and Nocerino (1995)) are available in Scout (1999).  

 
• In case a data set represents a mixture sample (from two or more populations), one should   

partition the mixture sample into component sub-samples (e.g., Singh, Singh, and 
Flatman (1994)).  

 
• Avoid the use of transformations (to achieve symmetry) while computing the upper limits 

for various environmental applications, as all remediation, cleanup, background 
evaluation decisions, and risk assessment decisions have to be made using statistics in the 
original scale. Also, it is more accurate and easier to interpret the results computed in the 
original scale. The results and statistics computed in the original scale do not suffer from 
an unknown amount of transformations bias.  

 
• Specifically, avoid the use of a lognormal model even when the data appear to be 

lognormally distributed. Its use often results in incorrect and unrealistic statistics of no 
practical purpose or importance or significance. Several variations of estimation methods 
(e.g., robust ROS and FP-ROS on log-transformed data, delta lognormal method) on log-
transformed data have been developed and used by the practitioners. This has caused 
some confusion among the users of the statistical methods dealing with environmental 
data sets. The proper use of a lognormal distribution (e.g., how to properly back-
transform UCL of mean in the log-scale to obtain a UCL of mean in original scale) is not 
clear to many users, which in turn may result in the incorrect use and computation of an 
estimate (= UCL95) of the population mean. 

 
• The parameter in the transformed space may not be of interest to make cleanup decisions. 

The cleanup and remediation decisions are often made in the original raw scale; 
therefore, the statistics (e.g., UCL95) computed in transformed space need to be back-
transformed in the original scale. It is not clear to a typical user how to back-transform 
results in the log-scale or any other scale obtained using a Box-Cox (BC)-type 
transformation to original raw scale. The transformed results often suffer from significant 
amount of transformation bias.  

 
• The question now arises-how one should back-transform results from a log-space (or any 

other transformed space) to the original space? Unfortunately, no defensible guidance is 
available in the environmental literature to address this question. Moreover, the back-
transformation formula will change from transformation to transformation (BC-type 
transformations), and the bias introduced by such transformations will remain unknown. 
Therefore, in cases when a data set in the “raw” scale cannot be modeled by a parametric 
distribution, it is desirable to use nonparametric methods (many available in ProUCL 4.0) 
rather than testing or estimating a parameter in the transformed space.  

 
• On page (78) of Helsel (2005), the use of the robust ROS MLE method (Kroll, C.N. and 

J.R. Stedinger (1996)) has been suggested to compute summary statistics. In this hybrid 
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method, MLEs are computed using log-transformed data. Using the regression model as 
given by equation (3-21) of Section 3, the MLEs of the mean (used as intercept) and sd 
(used as slope) in the log-scale are used to extrapolate the NDs in the log-scale. Just like 
in the robust ROS method, all of the NDs are transformed back in the original scale by 
exponentiation. This results in a full data set in the original scale. One may then compute 
the mean and sd using the full data set. The estimates thus obtained are called robust ROS 
ML estimates (Helsel (2005), and Kroll and Stedinger (1996)). However, the 
performance of such a hybrid estimation method is not well known. Moreover, for higher 
censoring levels, the MLE methods sometimes behave in an unstable manner, especially 
when dealing with moderately skewed to highly skewed data sets (e.g., with σ >1.0). 

 
o It should be noted that the performance of this hybrid method is unknown.  
o It is not clear why this method is called a robust method.  
o The stability of the MLEs obtained using the log-transformed data is doubtful, 

especially for higher censoring levels.  
o The BCA and (% bootstrap) UCLs based upon this method will fail to provide the 

adequate coverage for the population mean for moderately skewed to highly skewed 
data sets. 

 
• The DL/2 (t) UCL method does not provide adequate coverage (for any distribution and 

sample size) for the population mean, even for censoring levels as low as 5%, 10%, 15%. 
This is contrary to the conjecture and assertion (e.g., EPA (2000)) often made that the 
DL/2 method can be used for lower (≤ 20%) censoring levels. The coverage provided by 
the DL/2 (t) method deteriorates fast as the censoring intensity increases.  

 
This DL/2 (t) UCL method is not recommended by the authors and developers of ProUCL 4.0; it is 
included only for comparison or research purposes. 

 
• The KM method is a preferred method as it can handle multiple detection limits. 

Moreover, the nonparametric UCL95 methods (KM (BCA), KM (z), KM (%), KM (t)) 
based upon the KM estimates provide good coverages for the population mean (e.g., 
Helsel (2005) and Singh et al. (2006)). 

 
• For a symmetric distribution (approximate normality), several UCL95 methods provide 

good coverage (~95%) for the population mean, including the Winsorization mean, 
Cohen’s MLE (t), Cohen’s MLE (Tiku), KM (z), KM (t), KM (%) and KM (BCA) (e.g., 
Helsel (2005) and Singh et al. (2006)). 

16.2 Recommended UCL95 Methods for Normal (Approximate Normal) 
Distribution 

• For normal and approximately normal (e.g., symmetric or with sd, σ̂  < 0.5) distribution: 
The most appropriate UCL95 computation methods for normal or approximately normal 
distributions are the KM (t) or KM (%) methods. For symmetric distributions, both of 
these methods perform equally well on left-censored data sets for all censoring levels (% 
nondetects) and sample sizes. 
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16.3 Recommended UCL95 Methods for Gamma Distribution 

• Highly skewed gamma distributions, G(k, θ), with shape parameter, k ≤ 1: 
o Use the nonparametric KM (Chebyshev) UCL95 method for censoring levels < 30%. 
o Use the nonparametric KM (BCA) UCL95 method for censoring levels in the interval 

[30%, 50%).  
o Use the nonparametric KM (t) UCL95 method for censoring levels ≥ 50%.  

 
• Moderately skewed gamma distributions, G(k, θ), with shape parameter, 1< k ≤ 2: 

o For censoring level < 10%, use the KM (Chebyshev) UCL95 method. 
o For higher censoring levels [10%, 25%), use the KM (BCA) UCL95 method. 
o For censoring levels in [25%, 40%), use the KM (%) UCL95 method. 
o For censoring levels ≥ 40%, use the KM (t) UCL95 method. 

 
• Mildly skewed gamma distributions, G(k, θ), with k > 2: 

o Use the KM (BCA) UCL95 method for lower censoring levels (< 20%). 
o For censoring levels in the interval [20%, 40%), use the KM (%) UCL95. 
o For censoring ≥ 40%, use the KM (t) UCL95 computation method. 

16.4 Recommended UCL95 Methods for Lognormal Distribution 

• Mildly skewed data sets with σ̂  ≤ 1: 
o For censoring levels (< 20%) and sample of sizes less than 50-70, use the KM 

(Chebyshev) UCL95. 
o For censoring levels (< 20%) and samples of sizes greater than 50-70, use the KM 

(BCA) UCL95. 
o For censoring levels in the interval [20%, 40%) and all sample sizes, use the KM 

(BCA) UCL95. 
o For censoring level ≥ 40%, use the KM (%) or KM (t) UCL95 method. 

 
• Data sets with σ̂  in the interval (1, 1.5]: 

o For censoring levels < 50% and samples of sizes < 40, use the 97.5% KM 
(Chebyshev) UCL. 

o For censoring levels < 50% , samples of sizes ≥ 40, use 95% KM (Chebyshev) UCL. 
o For censoring levels ≥ 50%, use the KM (BCA) UCL95 for samples of all sizes. 

 
• Highly skewed data sets with σ̂  in the interval (1.5, 2]: 

o For sample sizes < 40, censoring levels <50%, use 99% KM (Chebyshev) UCL. 
o For sample sizes ≥ 40, censoring levels < 50%, use 97.5% KM (Chebyshev) UCL. 
o For samples of sizes < 40-50 and censoring levels ≥ 50%, use the 97.5% KM 

(Chebyshev) UCL. 
o For samples of sizes ≥ 40-50, and censoring levels ≥ 50%, use the 95% KM 

(Chebyshev) UCL.  
 

• Use a similar pattern for more highly skewed data sets with σ̂ > 2.0, 3.0: 
o For extremely highly skewed data sets, an appropriate estimate of the EPC term (in 

terms of adequate coverage) is given by a UCL based upon the Chebyshev inequality 
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and KM estimates. The confidence coefficient to be used will depend upon the 
skewness. For highly skewed data sets, a higher (e.g., > 95%) confidence coefficient 
may have to be used to estimate the EPC.  

o As the skewness increases, the confidence coefficient also increases.  
o For such highly skewed distributions (with σ̂ > 2.0, 3.0), for lower sample sizes (e.g., 

< 50-60), one may simply use 99% KM (Chebyshev) UCL to estimate the population 
mean, EPC term, and other relevant threshold (e.g., UPL, percentiles) values.  

o For sample sizes greater than 60, one may use a 97.5% KM (Chebyshev) UCL as an 
estimate of the population mean or mass.  

16.5 Recommended Nonparametric UCL Methods  

• For symmetric or approximately symmetric distribution-free, nonparametric data sets 
with σ̂  < 0.5: Use the same UCL computation methods as for the data sets coming from 
a normal or an approximate normal (symmetric) population. These methods are 
summarized above in the normal UCL computation section. 

 
• For skewed distribution-free, nonparametric data sets with σ̂ ≥ 0.5: Most of the 

recommended UCL computation methods for a lognormal distribution, as described 
above in the lognormal UCL section, do not assume the lognormality of the data set. 
Therefore, the UCL computation methods, as described in the lognormal UCL 
computation section, can be used on skewed nonparametric data sets that do not follow 
any of the well-known parametric distributions.  

 
The suggested parametric and nonparametric UCL95 computation methods for data sets with nondetect 
observations are summarized in Table 16, shown on the next page. 
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Table 16. Recommended UCL95 Computation Methods for Left-Censored Data Sets with Nondetect Observations 
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Normal or Approximate Normal (with σ  < 0.5) Distribution  ˆ
σ̂  < 0.5 All n > 0% • • 

Gamma Distribution 

All n < 30%   •    
All n [30%, 50%)      • k̂  ≤ 1 
All n ≥ 50% •      
All n < 10%   •    
All n [10%, 25%)      • 
All n [25%, 40%)  •     1 <  ≤ 2 k̂

All n ≥ 40% •      
All n < 20%      • 
All n [20%, 40%)  •     k̂  > 2 
All n ≥ 40% •      

Lognormal Distribution 

n ≤ 50-70   •    
n > 50-70 

< 20% 
     • 

All n [20%, 40%)      • 
σ̂  ≤ 1.0 

All n ≥ 40% • •     
n < 40    •   
n ≥ 40 

< 50% 
  •    1 <  ≤ 1.5 σ̂

All n ≥ 50%      • 
n < 40     •  
n ≥ 40 

< 50% 
   •   

n < 40-50    •   
1.5 <  ≤ 2.0 σ̂

n ≥ 40-50 
≥ 50% 

  •    
n < 50-60     •  σ̂  > 2.0,3.0 

n ≥ 60 
> 0% 

   •   
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Table 16. Recommended UCL95 Computation Methods for Left-Censored Data Sets with Nondetect Observations – 
Continued  
 

Skewness Sample Size % ND 95
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Symmetric or Approximate Symmetric Non-Discernable Distribution 

σ̂  < 0.5 All n > 0% • • 
Moderately Skewed to Highly Skewed Non-Discernable Distribution 

n ≤ 50-70  • 
n > 50-70 

< 20% 
 • 

All n [20%, 40%)  • 
0.5 ≤  ≤ 1.0 σ̂

All n ≥ 40% • • 
n < 40  • 
n ≥ 40 

< 50% 
 • 1 <  ≤ 1.5 σ̂

All n ≥ 50%  • 
n < 40  • 
n ≥ 40 

< 50% 
 • 

n < 40-50  • 
1.5 <  ≤ 2.0 σ̂

n ≥ 40-50 
≥ 50% 

 • 
n < 50-60  • σ̂  > 2.0,3.0 

n ≥ 60 
> 0% 

 • 
 
Note: In Table 16, phrase “All n” represents only valid (e.g., n > 3) and recommended (n > 8 to 10) 
values of the sample size, n. As mentioned throughout the report, it is not desirable to use statistical 
methods on data sets of small sizes (e.g., with n < 8 to 10). However, it should be noted that the sample 
size requirements and recommendations (n > 8 to 10) as described in this report are not the limitations of 
the methods considered in this report. One of the main reasons for the recommendation that the sample 
size should be at least 8 to 10 is that the estimates and UCLs based upon small data sets, especially with 
many below detection limit observations (e.g., 30%, 40%, 50%, and more), may not be reliable and 
accurate enough to draw conclusions for environmental applications. It should be noted that in order to 
be able to use bootstrap re-sampling methods, it is desirable to have a minimum of 10-15 observations 
(e.g., n > 10-15). Therefore, the phrase “All n” in Table 16, should be interpreted as that the sample size, 
n, is least 8 to 10. The software, ProUCL 4.0, will provide appropriate warning messages when a user 
tries to use a method on data sets of small sizes.  
 
Also, Hall’s bootstrap and bootstrap t methods to compute a UCL based upon a full data set (without 
nondetects) should be used with caution. These two bootstrap methods may yield erratic and unstable 
UCL results, especially, when outliers are present. In such cases, it is desirable to use alternative UCL 
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methods based upon Chebyshev inequality. ProUCL software provides a warning message for erratic 
UCL results based upon Hall’s bootstrap t methods. 
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Glossary 
 
This glossary defines selected words in this User Guide to describe impractically large UCL values of the 
unknown population mean, m1. In practice, the UCLs based upon Land’s H-statistic (H-UCL), and 
bootstrap methods such as the bootstrap t and Hall’s bootstrap methods (especially when outliers are 
present) can become impractically large. The UCLs based upon these methods often become larger than 
the UCLs based upon all other methods by several orders of magnitude. Such large UCL values are not 
achievable as they do not occur in practice. Words like “unstable” and “unrealistic” are used to describe 
such impractically large UCL values. 
 
UCL: upper confidence limit of the unknown population mean. 
 
Coverage = Coverage Probability: The coverage probability (e.g., = 0.95) of a UCL of the population 
mean represents the confidence coefficient associated with the UCL. 
 
Optimum: An interval is optimum if it possesses optimal properties as defined in the statistical literature. 
This may mean that it is the shortest interval providing the specified coverage (e.g., 0.95) to the 
population mean. For example, for normally distributed data sets, the UCL of the population mean based 
upon Student’s t-distribution is optimum. 
 
Stable UCL: The UCL of a population mean is a stable UCL if it represents a number of a practical merit, 
which also has some physical meaning. That is, a stable UCL represents a realistic number (e.g., 
contaminant concentration) that can occur in practice. Also, a stable UCL provides the specified (at least 
approximately, as much as possible, as close as possible to the specified value) coverage (e.g., ~0.95) to 
the population mean. 
 
Reliable UCL: This is similar to a stable UCL. 
 
Unstable UCL = Unreliable UCL = Unrealistic UCL: The UCL of a population mean is unstable, 
unrealistic, or unreliable if it is orders of magnitude higher than the other UCLs of population mean. It 
represents an impractically large value that cannot be achieved in practice. For example, the use of Land’s 
H-statistic often results in impractically large inflated UCL value. UCLs such as the bootstrap t UCL and 
Hall’s UCL can be inflated by outliers, resulting in an impractically large and unstable value. All such 
impractically large UCL values are called unstable, unrealistic, unreliable, or inflated UCLs in this User 
Guide.  
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DISCLAIMER

This document presents technical and policy recommendations based on current
understanding of the phenomenon of subsurface vapor intrusion.  This guidance does not impose any
requirements or obligations on the U.S. Environmental Protection Agency (EPA) or on the
owner/operators of sites that may be contaminated with volatile and toxic compounds.  The sources
of authority and requirements for addressing subsurface vapor intrusion are the applicable and
relevants statutes and regulations..  This guidance addresses the assumptions and limitations that
need to be considered in the evaluation of the vapor intrusion pathway.  This guidance provides
instructions on the use of the vapor transport model that originally was developed by P. Johnson and
R. Ettinger in 1991 and subsequently modified by EPA in 1998, 2001, and again in November 2002.
On November 29, 2002 EPA published Draft Guidance for Evaluating the Vapor Intrusion to Indoor
Air Pathway from Groundwater and Soils (Federal Register: November 29, 2002 Volume 67,
Number 230 Page 71169-71172).  This document is intended to be a companion for that guidance.
Users of this guidance are reminded that the science and policies concerning vapor intrusion are
complex and evolving.
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WHAT’S NEW IN THIS VERSION!

This revised version of the User's Guide corresponds with the release of Version 3.1 of the
Johnson and Ettinger (1991) model (J&E) spreadsheets for estimating subsurface vapor intrusion
into buildings.  Several things have changed within the models since Version 2 was released in
December 2000 and since the original version was released in September 1998.  The following
represent the major changes in Version 3.1 to be consistent with Draft Guidance for Evaluating the
Vapor Intrusion to Indoor Air Quality from Groundwater and Soils dated November 25, 2002 as
referenced below:  

1. Table 1 lists the chemicals that are commonly found at contaminated sites. This list
has been expanded from the list of chemicals included in Version 2 of the model. 
We have also applied certain criteria to determine whether it is appropriate to run the
model for these contaminants.  Only those contaminants for which all of the
toxicological or physical chemical properties needed to make an assessment of the
indoor inhalation risk are included in the spreadsheets.  A chemical is considered to
be sufficiently toxic if the vapor concentration of the pure component poses an
incremental life time cancer risk greater than 1 x 10-6 or the noncancer hazard index
is greater than 1.  A chemical is considered to be sufficiently volatile if its Henry’s
law constant is 1 x 10-5 atm-m3/mole or greater.  The final chemical list for Version
3 includes 108 chemicals. 

2. Chemical Property Data - The source of chemical data used in the calculation is
primarily EPA’s Superfund Chemical Data Matrix (SCDM) database.  EPA’s
WATER9 database is used for chemicals not included in the SCDM database. 
Appendix B contains other data sources.  Henry’s Law value for cumene is incorrect
in the above listed reference.  The correct value was determined by using EPA’s
system performs automated reasoning in chemistry algorithms found in “Prediction
of Chemical Reactivity Parameters and Physical Properties of Organic Compounds
from Molecular Structure Using SPARE.” EPA-2003. 

3. Toxicity Values – EPA’s Integrated Risk Information System (IRIS) is the generally
preferred source of carcinogenic unit risks and non-carcinogenic reference
concentrations (RfCs) for inhalation exposure.1  The following two sources were
consulted, in order of preference, when IRIS values were not available:  provisional
toxicity values recommended by EPA’s National Center for Environmental
Assessment (NCEA) and EPA’s Health Effects Assessment Summary Tables
(HEAST).  If no inhalation toxicity data could be obtained from IRIS, NCEA, or
HEAST, extrapolated unit risks and/or RfCs using toxicity data for oral exposure
(cancer slope factors and/or reference doses, respectively) from these same sources

                                           
1 U.S. EPA.  2002.  Integrated Risk Information System (IRIS).  http://www.epa.gov/iriswebp/iris/index.html. 
November. 
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using the same preference order were used.2  Note that for most compounds,
extrapolation from oral data introduces considerable uncertainty into the resulting
inhalation value. Values obtained from inhalation studies or from pharmacokinetic
modeling applied to oral doses will be less uncertain than those calculated using the
equations noted in footnote 2. 

IRIS currently does not include carcinogenicity data for trichloroethylene (TCE), a
volatile contaminant frequently encountered at hazardous waste sites.  The original
carcinogenicity assessment for TCE, which was based on a health risk assessment
conducted in the late 1980’s, was withdrawn from IRIS in 1994.  The Superfund
Technical Support Center has continued to recommend use of the cancer slope factor
from the withdrawn assessment, until a reassessment of the carcinogenicity of TCE
is completed.  In 2001, the Agency published a draft of the TCE toxicity assessment
for public comment.3  Using this guidance, TCE target concentrations for the draft
vapor intrusion guidance were calculated using a cancer slope factor identified in that
document, which is available on the NCEA web site.  This slope factor was selected
because it is based on state-of-the-art methodology.  However, because this document
is still undergoing review, the slope factor and the target concentrations calculated
for TCE are subject to change and should be considered “provisional” values. 

Toxicity databases such as IRIS are routinely updated as new information becomes
available; the data included in the lookup tables are current as of December 2003.
Users of these models are strongly encouraged to research the latest toxicity values
for contaminants of interest from the sources noted above.  In the next year, IRIS
reassessments are expected for several contaminants commonly found in subsurface
contamination whose inhalation toxicity values are currently based on extrapolation.

4. Assumption and Limitations

The Johnson and Ettinger (J&E) Model was developed for use as a screening level
model and, consequently, is based on a number of simplifying assumptions regarding
contaminant distribution and occurrence, subsurface characteristics, transport
mechanisms, and building construction.  The assumptions of the J&E Model as
implemented in EPA’s spreadsheet version are listed in Section 2.11, Section 5, and

                                           
2 The oral-to-inhalation extrapolations assume an adult inhalation rate (IR) of 20 m3/day and an adult body weight
(BW) of 70 kg.  Unit risks (URs) were extrapolated from cancer slope factors (CSFs) using the following equation: 

UR (µg/m3)-1 = CSF (mg/kg/d)-1 * IR (m3/d) * (1/BW)(kg-1 )* (10-3 mg/µg)

Reference concentrations (RfCs) were extrapolated from reference doses (RfDs) using the following equation: 

RfC (mg/m3) = RfD (mg/kg/d) * (1/IR) (m3/d)-1 ( BW (kg)

3 US EPA, Trichloroethylene Health Risk Assessment:  Synthesis and Characterization – External Review Draft,
Office of Research and Development, EPA/600/P-01-002A, August, 2001. 
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Table 12 along with an assessment of the likelihood that the assumptions can be
verified through field evaluation. 

5. Soil Parameters

A list of generally reasonable, yet  conservative, model input parameters for selected
soil and sampling related parameters are provided in Tables 7 and 8.  These tables
also provide the practical range, typical or mean value (if applicable), and most
conservative value for these parameters.  For building parameters with low
uncertainty and sensitivity, only a single “fixed” value corresponding to the mean or
typical value is provided in Table 9.  Soil-dependent properties are provided in Table
10 for soils classified according to the US Soil Conservation Soil (SCS) system.  If
site soils are not classified according to the US SCS, Table 11 can be used to assist
in selecting an appropriate SCS soil type corresponding to the available site lithologic
information.  Note that the selection of the soil texture class should be biased towards
the coarsest soil type of significance, as determined by the site characterization
program.  These input parameters were developed considering soil-physics science,
available studies of building characteristics, and expert opinion. Consequently, the
input parameters listed in Tables 7 and 8 are considered default parameters for a first-
tier assessment, which should in most cases provide a reasonably (but not overly)
conservative estimate of the vapor intrusion attenuation factor for a site.  The soil
water filled porosity (θw) is dependent on the soil type and the default value was
removed from the model set up.  Users must define soil type or input a value for the
porosity. 

6. Building Parameters

Building Air Exchange Rate (Default Value = 0.25 hr-1)

Results from 22 studies for which building air exchange data are available were
summarized in Hers et al. (2001).  When all the data were analyzed, the 10th, 50th,
and 90th percentile values were 0.21, 0.51, and 1.48 air exchanges per hour (AEH).
Air exchange rates varied depending on season and climatic region.  For example, for
the winter season and coldest climatic area (Region 1, Great Lakes area and extreme
northeast US), the 10th, 50th, and 90th percentile values were 0.11, 0.27, and 0.71
AEH.  In contrast, for the winter season and warmest climatic area [Region 4
(southern California, Texas, Florida, Georgia)], the 10th, 50th, and 90th percentile
values were 0.24, 0.48, and 1.13 AEH.  For this  guidance, a default value of 0.25 for
air exchange rate was selected to represent the lower end of these distributions.  The
previous version of the guidance included a default value of 0.45 exchanges per hour.
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Building Area and Subsurface Foundation Area (Default Value = 10 m by 10 m)

A Michigan study indicates that a 111.5 m2 area approximately corresponds to the
10th percentile floor space area for residential single family dwellings, based on
statistics compiled by the U.S. Department of Commerce (DOC) and U.S. Housing
and Urban Development (HUD).  The previous median value was 9.61 m x 9.61 m.

Building Mixing Height (Default Value = 2.44 m for slab-on-grade scenario; =
3.66 m for basement scenario)

The J&E Model assumes that subsurface volatiles migrating into the building are
completely mixed within the building volume, which is determined by the building
area and mixing height.  The building mixing height will depend on a number of
factors including the building height, the heating, ventilation and air conditioning
(HVAC) system operation, environmental factors such as indoor-outdoor pressure
differentials and wind loading, and seasonal factors.  For a single-story house, the
variation in mixing height can be approximated by the room height.  For a multi-story
house or apartment building, the mixing height will be greatest for houses with
HVAC systems that result in significant air circulation (e.g., forced-air heating
systems).  Mixing heights will be less for houses using electrical baseboard heaters.
It is likely that mixing height is, to some degree, correlated to the building air
exchange rate.

There are little data available that provide for direct inference of mixing height. 
There are few sites, with a small number of houses where indoor air concentrations
were above background, and where both measurements at ground level and the
second floor were made (CDOT, Redfields, Eau Claire).  Persons familiar with the
data sets for these sites indicate that in most cases a fairly significant reduction in
concentrations (factor of two or greater) was observed, although at one site (Eau
Claire, "S” residence), the indoor TCE concentrations were similar in both the
basement and second floor of the house.  For the CDOT site apartments, there was
an approximate five-fold reduction between the concentrations measured for the first
floor and second floor units.  Less mixing would be expected for an apartment
because there are less cross-floor connections than for a house.  The default value
chosen for a basement house scenario (3.66 m) would be representative of a two-fold
reduction or attenuation in vapor concentrations between floors. 

Crack Width (0.1 cm) and Crack Ratio (Default Value = 0.0002 for basement
house; = 0.0038 for slab-on-grade house)

The crack width and crack ratio are related.  Assuming a square house and that the
only crack is a continuous edge crack between the foundation slab and wall
(“perimeter crack”), the crack ratio and crack width are related as follows: 
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/(4
=

There is little information available on crack width or crack ratio.  One approach used
by radon researchers is to back calculate crack ratios using a model for soil gas flow
through cracks and the results of measured soil gas flow rates into a building.  For
example, the back-calculated values for a slab/wall edge crack based on soil gas-entry
rates reported in Nazaroff (1992), Revzan et al. (1991), and Nazaroff et al. (1985)
range from approximately 0.0001 to 0.001.  Another possible approach is to measure
crack openings although this, in practice, is difficult to do.  Figley and Snodgrass
(1992) present data from ten houses where edge crack measurements were made.  At
the eight houses where cracks were observed, the cracks’ widths ranged from hairline
cracks up to 5 mm wide, while the total crack length per house ranged from 2.5 m to
17.3 m.  Most crack widths were less than 1 mm.  The suggested defaults for crack
ratio is regulatory guidance, literature and models also vary.  In ASTM E1739-95, a
default crack ratio of 0.01 is used.  The crack ratios suggested in the VOLASOIL
model (developed by the Dutch Ministry of Environment) range from 0.0001 to
0.0000001.  The VOLASOIL model values correspond to values for a “good” and
“bad” foundation, respectively.  The crack ratio used by J&E (1991) for illustrative
purposes ranged from 0.001 to 0.01.  The selected default values fall within the
ranges observed. 

Qsoil (Default Value = 5 L/min)

The method used to estimate the vapor flowrate into a building (Qsoil) is an analytical
solution for two-dimensional soil gas flow to a small horizontal drain (Nazaroff
1992) (“Perimeter Crack Model”).  Use of this model can be problematic in that Qsoil

values are sensitive to soil-air permeability and consequently a wide range in flows
can be predicted. 

An alternate empirical approach was selected to determine the Qsoil value.  This new
approach is based on trace tests (i.e., mass balance approach).  When soil gas
advection is the primary mechanism for tracer intrusion into a building, the Qsoil value
is estimated by measuring the concentrations of a chemical tracer in indoor air,
outdoor air, and in soil vapor below a building, and measuring the building
ventilation rate (Hers et al. 2000a; Fischer et al. 1996; Garbesi et al. 1993; Rezvan
et al. 1991; Barbesi and Sectro 1989).  The Qsoil values measured using this technique
were compared to predicted rates using the Perimeter Crack model, for sites with
coarse-grained soils.  The Perimeter Crack model predictions are both higher and
lower than the measured values, but overall are within one order of magnitude of the
measured values.  Although the Qsoil predicted by the models and measured using
field tracer tests are uncertain, the results suggest that a “typical” range for houses on
coarse-grained soils is on the order of 1 to 10 L/min.  A disadvantage with the tracer
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test approach is that there are only limited data, and there do not appear to be any
tracer studies for field sites with fine-grained soils. 

Because the advective flow zone is relatively limited in extent, the soil type adjacent
to the building foundation is of importance.  In many cases, coarse-grained imported
fill is placed below foundations, and either coarse-grained fill, or disturbed, loose fill
is placed adjacent to the foundation walls.  Therefore, a conservative approach for the
purposes of this  guidance is to assume that soil gas flow will be controlled by
coarse-grained soil, and not to rely on the possible reduction in flow that would be
caused by fine-grained soils near the house foundation.  For these reasons, a soil gas
flow rate of 5 L/min (midpoint between 1 and 10 L/min) was chosen as the input
value. 

7. Convenience Changes

• Default values for soil bulk densities have been added to the lookup tables for the
various soil types. 

• Default values for soil water-filled porosity have been updated within the lookup
tables for soil properties for the various soil types. 

• The chemical data list has been expanded to include 108 chemicals.  Chemical
physical properties were reviewed and updated where applicable to provide the
user with more accurate values. 

• All of the lookup functions within the models were modified to include an exact
match parameter, rather than a closest match.  The models would previously
return data for CAS Numbers not in the lookup tables.  Although the
DATENTER sheet informed the user that this CAS Number was not found, it
would return values on the CHEMPROPS sheet that was the closest match.  This
caused some confusion and therefore was changed. 

• CAS number and soil type pick lists were added to the cells within the models
where the user is required to provide data in a specific format.  The pick lists
were added to assist the user from entering data that are not an acceptable
parameter. 

• All models were modified to require the user to specify the soil type of each
stratum.  In addition, a button was added that allows the user to automatically
retrieve the default values for the soil type selected.  These additions were added
as a convenience to the user and soil selection can be ignored should site-specific
data be available. 

• All models were modified to include an input for the average vapor flow rate into
the building (Qsoil) in liters/minute (L/min).  This value can be left blank and the
model will calculate the value of Qsoil as was done in previous versions. 
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• All models were also modified to include a button that will reset the default value
on the DATENTER sheet.  This button will allow the user to clear all values and
reset the default values or reset only those values that have a default value.  The
user is also allowed to specify whether the values should be reset for the
basement or slab-on-grade scenario. 
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SECTION 1

INTRODUCTION TO THE VAPOR INTRUSION MODEL
THEORY AND APPLICATION

Volatilization of contaminants located in subsurface soils or in groundwater, and the
subsequent mass transport of these vapors into indoor spaces constitutes a potential inhalation
exposure pathway, which may need to be evaluated when preparing risk assessments.  Likewise, this
potential indoor inhalation exposure pathway may need evaluation when estimating a risk-based soil
or groundwater concentration below which associated adverse health effects are unlikely.

Johnson and Ettinger (J&E) (1991) introduced a screening-level model that incorporates both
convective and diffusive mechanisms for estimating the transport of contaminant vapors emanating
from either subsurface soils or groundwater into indoor spaces located directly above the source of
contamination.  In their article, J&E reported that the results of the model were in qualitative
agreement with published experimental case histories and in good qualitative and quantitative
agreement with detailed three-dimensional numerical modeling of radon transport into houses.

The J&E Model is a one-dimensional analytical solution to convective and diffusive vapor
transport into indoor spaces and provides an estimated attenuation coefficient that relates the vapor
concentration in the indoor space to the vapor concentration at the source of contamination.  The
model is constructed as both a steady-state solution to vapor transport (infinite or non-diminishing
source) and as a quasi-steady-state solution (finite or diminishing source).  Inputs to the model
include chemical properties of the contaminant, saturated and unsaturated zone soil properties, and
structural properties of the building. 

This manual provides documentation and instructions for using the vapor intrusion model
as provided in the accompanying spreadsheets. 

Model results (both screening and advanced) are provided as either a risk-based soil or
groundwater concentration, or as an estimate of the actual incremental risks associated with a user-
defined initial concentration.  That is to say that the model will reverse-calculate an “acceptable” soil
or groundwater concentration given a user-defined risk level (i.e., target risk level or target hazard
quotient), or the model may be used to forward-calculate an incremental cancer risk or hazard
quotient based on an initial soil or groundwater concentration.

The infinite source models for soil contamination and groundwater contamination should be
used as first-tier screening tools.  In these models, all but the most sensitive model parameters have
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been set equal to central tendency or upper bound values.  Values for the most sensitive parameters
may be user-defined.

More rigorous estimates may be obtained using site-specific data and the finite source model
for soil contamination.  Because the source of groundwater contamination may be located upgradient
of the enclosed structure for which the indoor inhalation pathway is to be assessed, the advanced
model for contaminated groundwater is based on an infinite source of contamination, however, site-
specific values for all other model parameters may be user-defined.

In addition to the finite and infinite source models referred to above, two models that allow
the user to input empirical soil gas concentration and sampling depth information directly into the
spreadsheets.  These models will subsequently estimate the resulting steady-state indoor air
concentrations and associated health risks.

Because of the paucity of empirical data available for either bench-scale or field-scale
verification of the accuracy of these models, as well as for other vapor intrusion models, the user is
advised to consider the variation in input parameters and to explore and quantify the impacts of
assumptions on the uncertainty of model results.  At a minimum, a range of results should be
generated based on variation of the most sensitive model parameters.
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SECTION 2

MODEL THEORY

Chemical fate and transport within soils and between the soil column and enclosed spaces
are determined by a number of physical and chemical processes.  This section presents the theoretical
framework on which the J&E Model is based, taking into account the most significant of these
processes.  In addition, this section also presents the theoretical basis for estimating values for some
of the most sensitive model parameters when empirical field data are lacking.  The fundamental
theoretical development of this model was performed by J&E (1991). 

2.1 MODEL SETTING

Consider a contaminant vapor source (Csource) located some distance (LT) below the floor of
an enclosed building constructed with a basement or constructed slab-on-grade. The source of
contamination is either a soil-incorporated volatile contaminant or a volatile contaminant in solution
with groundwater below the top of the water table. 

Figure 1 is a simplified conceptual diagram of the scenario where the source of
contamination is incorporated in soil and buried some distance below the enclosed space floor.  At
the top boundary of contamination, molecular diffusion moves the volatilized contaminant toward
the soil surface until it reaches the zone of influence of the building.  Here convective air movement
within the soil column transports the vapors through cracks between the foundation and the basement
slab floor.  This convective sweep effect is induced by a negative pressure within the structure
caused by a combination of wind effects and stack effects due to building heating and mechanical
ventilation. 

Figure 2 illustrates the scenario where the source of contamination is below the top of the
water table.  Here the contaminant must diffuse through a capillary zone immediately above the
water table and through the subsequent unsaturated or vadose zone before convection transports the
vapors into the structure. 

The suggested minimum site characterization information for a first-tier evaluation of the
vapor intrusion pathway includes:  site conceptual model, nature and extent of contamination
distribution, soil lithologic descriptions, groundwater concentrations, and/or possibly near source soil
vapor concentrations.  The number of samples and measurements needed to establish this
information varies by site, and it is not possible to provide a hard and fast rule. 
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Figure 1.  Pathway for Subsurface Vapor Intrusion into Indoor Air
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Figure 2.  Vapor Pathway into Buildings
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Based on the conceptual site model, the user can select the appropriate spreadsheet
corresponding to the vapor source at the site and determine whether to use the screening level
spreadsheet (which accommodates only one soil type above the capillary fringe) or the more
advanced version (which allows up to three layers above the capillary fringe).  As most of the inputs
to the J&E Model are not collected during a typical site characterization, conservative inputs are
typically estimated or inferred from available data and other non-site specific sources of information.

Table 1 lists 114 chemicals that may be found at hazardous waste sites and it indicates
whether the chemical is sufficiently toxic and volatile to result in a potentially unacceptable indoor
inhalation risk. It also provides a column for checking off the chemicals found or reasonably
suspected to be present in the subsurface at a site.  Under this approach, a chemical is considered
sufficiently toxic if the vapor concentration of the pure component poses an incremental lifetime
cancer risk greater than 10-6 or results in a non-cancer hazard index greater than one.  A chemical is
considered sufficiently volatile if its Henry’s Law Constant is 1 x 10 -5 atm-m3/mol or greater (EPA,
1991).  It is assumed that if a chemical does not meet both of these criteria, it need not be further
considered as part of the evaluation.  Table 1 also identifies six chemicals that meet the toxicity and
volatility criteria but are not included in the vapor intrusion models because one or more of the
needed physical or chemical properties has not been found in the literature. 

The rate of soil gas entry (Qsoil) or average vapor flow rate into the building is a function
solely of convection; however, the vapor concentration entering the structure may be limited by
either convection or diffusion depending upon the magnitude of the source-building separation (LT).

2.2 VAPOR CONCENTRATION AT THE SOURCE OF CONTAMAINATION

With a general concept of the problem under consideration, the solution begins with an
estimate of the vapor concentration at the source of contamination. 

In the case of soil contamination, the initial concentration (CR) does not contain a residual-
phase (e.g., nonaqueous-phase liquid or solid); and in the case of contaminated groundwater, the
initial contaminant concentration (CW) is less than the aqueous solubility limit (i.e., in solution with
water). 

Given these initial conditions, Csource for soil contamination may be estimated from Johnson
et al. (1990) as: 

aTSbdw

bRTS
source HK

CH
C

θρθ
ρ

′++
′

= (1)

where Csource = Vapor concentration at the source of contamination, g/cm3-v

H'TS = Henry's law constant at the system (soil) temperature, dimensionless
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TABLE 1.  SCREENING LIST OF CHEMICALS

CAS No. Chemical

Is
Chemical

Sufficiently
Toxic?1

Is
Chemical

Sufficiently
Volatile?2

Check Here
if Known or
Reasonably
Suspected to
be Present 3

83329 Acenaphthene YES YES
75070 Acetaldehyde YES YES
67641 Acetone YES YES
75058 Acetronitrile YES YES
98862 Acetophenone YES YES
107028 Acrolein YES YES
107131 Acrylonitrile YES YES
309002 Aldrin YES YES
319846 Alpha-HCH (alpha-BHC) YES YES
62533 Aniline YES NO NA
120127 Anthracene NO YES NA
56553 Benz(a)anthracene YES NO NA
100527 Benzaldehyde YES YES
71432 Benzene YES YES
50328 Benzo(a)pyrene YES NO NA
205992 Benzo(b)fluoranthene YES YES
207089 Benzo(k)fluoranthene NO NO NA
65850 Benzoic Acid NO NO NA
100516 Benzyl alcohol YES NO NA
100447 Benzylchloride YES YES
91587 Beta-Chloronaphthalene 3 YES YES
319857 Beta-HCH(beta-BHC) YES NO NA
92524 Biphenyl YES YES
111444 Bis(2-chloroethyl)ether YES YES
108601 Bis(2-chloroisopropyl)ether 3 YES YES
117817 Bis(2-ethylhexyl)phthalate NO NO NA
542881 Bis(chloromethyl)ether 3 YES YES
75274 Bromodichloromethane YES YES
75252 Bromoform YES YES
106990 1,3-Butadiene YES YES
71363 Butanol YES NO NA
85687 Butyl benzyl phthalate NO NO NA
86748 Carbazole YES NO NA
75150 Carbon disulfide YES YES
56235 Carbon tetrachloride YES YES
57749 Chlordane YES YES
(continued)
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CAS No. Chemical

Is
Chemical

Sufficiently
Toxic?1

Is
Chemical

Sufficiently
Volatile?2

Check Here
if Known or
Reasonably
Suspected to
be Present 3

126998 2-Chloro-1,3-butadiene(chloroprene) YES YES
108907 Chlorobenzend YES YES
109693 1-Chlorobutane YES YES
124481 Chlorodibromomethane YES YES
75456 Chlorodifluoromethane YES YES
75003 Chloroethane (ethyl chloride) YES YES
67663 Chloroform YES YES
95578 2-Chlorophenol YES YES
75296 2-Chloropropane YES YES
218019 Chrysene YES YES
156592 Cis-1,2-Dichloroethylene YES YES
123739 Crotonaldehyde(2-butenal) YES YES
998828 Cumene YES YES
72548 DDD YES NO NA
72559 DDE YES YES
50293 DDT YES NO NA
53703 Dibenz(a,h)anthracene YES NO NA
132649 Dibenzofuran YES YES
96128 1,2-Dibromo-3-chloropropane 3 YES YES
106934 1,2-Dibromoethane(ethylene dibromide) YES YES
541731 1,3-Dichlorobenzene YES YES
95501 1,2-Dichlorobenzene YES YES
106467 1,4-Dichlorobenzene YES YES
91941 3,3-Dichlorobenzidine YES NO NA
75718 Dichlorodifluoromethane YES YES
75343 1,1-Dichloroethane YES YES
107062 1,2-dichloroethane YES YES
75354 1,1-Dichloroethylene YES YES
120832 2,4-Dichloroephenol YES NO NA
78875 1,2-Dichloropropane YES YES
542756 1,3-Dichloropropene YES YES
60571 Dieldrin YES YES
84662 Diethylphthalate YES NO NA
105679 2,4-Dimethylphenol YES NO NA
131113 Dimethylphthalate NA NO NA
84742 Di-n-butyl phthalate NO NO NA
(continued)
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CAS No. Chemical

Is
Chemical

Sufficiently
Toxic?1

Is
Chemical

Sufficiently
Volatile?2

Check Here
if Known or
Reasonably
Suspected to
be Present 3

534521 4,6 Dinitro-2methylphenol (4, 6-dinitro-o-
cresol)

YES NO NA

51285 2,4-Dinitrophenol YES NO NA
121142 2,4-Dinitrotoluene YES NO NA
606202 2,6-Dinitrotoluene YES NO NA
117840 Di-n-octyl phthalate NO YES NA
115297 Endosulfan YES YES
72208 Endrin YES NO NA
106898 Epichlorohydrin 3 YES YES
60297 Ethyl ether YES YES
141786 Ethylacetate YES YES
100414 Ethylbenzene YES YES
75218 Ethylene oxide YES YES
97632 Ethylmethacrylate YES YES
206440 Fluoranthene NO YES NA
86737 Fluorene YES YES
110009 Furane YES YES
58899 Gamma-HCH(Lindane) YES YES
76448 Heptachlor YES YES
1024573 Heptachlor epoxide YES NO NA
87683 Hexachloro-1,3-butadiene YES YES
118741 Hexachlorobenzene YES YES
77474 Hexachlorocyclopentadiene YES YES
67721 Hexachloroethane YES YES
110543 Hexane YES YES
74908 Hydrogene cyanide YES YES
193395 Indeno (1,2,3-cd)pyrene NO NO NA
78831 Isobutanol YES YES
78591 Isophorone YES NO NA
7439976 Mercury (elemental) YES YES
126987 Methacrylonitrile YES YES
72435 Methoxychlor YES YES
79209 Methy acetate YES YES
96333 Methyl acrylate YES YES
74839 Methyl bromide YES YES
74873 Methyl chloride (chloromethane) YES YES
108872 Methylcyclohexane YES YES
(continued)



10

CAS No. Chemical

Is
Chemical

Sufficiently
Toxic?1

Is
Chemical

Sufficiently
Volatile?2

Check Here
if Known or
Reasonably
Suspected to
be Present 3

74953 Methylene bromide YES YES
75092 Methylene chloride YES YES
78933 Methylethylketone (2-butanone) YES YES
108101 Methylisobutylketone (4-methyl-2-

pentanone)
YES YES

80626 Methylmethacrylate YES YES
91576 2-Methylnaphthalene YES YES
108394 3-Methylphenol(m-cresol) YES NO NA
95487 2-Methylphenol(o-cresol) YES NO NA
106455 4-Methylphenol (p-cresol) YES NO NA
99081 m-Nitrotoluene YES NO NA
1634044 MTBE YES YES
108383 m-Xylene YES YES
91203 Naphthalene YES YES
104518 n-Butylbenzene YES YES
98953 Nitrobenzene YES YES
100027 4-Nitrophenol YES NO NA
79469 2-Nitropropane YES YES
924163 N-nitroso-di-n-butylamine 3 YES YES
621647 N-Nitroso-di-n-propylamine YES NO NA
86306 N-Nitrosodiphenylamine YES NO NA
103651 n-Propylbenzene YES YES
88722 o-Nitrotoluene YES YES
95476 o-Xylene YES YES
106478 p-Chloroaniline YES NO NA
87865 Pentachlorophenol YES NO NA
108952 Phenol YES NO NA
99990 p-Nitrotoluene YES NO NA
106423 p-Xylene YES YES
129000 Pyrene YES YES
110861 Pyridine YES NO NA
135988 Sec-Butylbenzene YES YES
100425 Styrene YES YES
98066 Tert-Butylbenzene YES YES
630206 1,1,1,2-Tetrachloroethane YES YES
79345 1,1,2,2,-Tetrachloroethane YES YES
127184 Tetrachloroethylene YES YES
(continued)
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CAS No. Chemical

Is
Chemical

Sufficiently
Toxic?1

Is
Chemical

Sufficiently
Volatile?2

Check Here
if Known or
Reasonably
Suspected to
be Present 3

108883 Toluene YES YES
8001352 Toxaphen YES NO NA
156605 Trans-1,2-Dichloroethylene YES YES
76131 1,1,2-Trichloro-1,2,2-trifluoroethane YES YES
120821 1,2,4-Trichlorobenzene YES YES
79005 1,1,2-Trichloroethane YES YES
71556 1,1,1-Trichloroethane YES YES
79016 Trichloroethylene YES YES
75694 Trichlorofluoromethane YES YES
95954 2,4,5-Trichlorophenol YES NO NA
88062 2,4,6-Trichlorophenol YES NO NA
96184 1,2,3-Trichloropropane YES YES
95636 1,2,4-Trimethylbenzene YES YES
108678 1,3,5-Trimethylbenzene YES YES
108054 Vinyl acetate YES YES
75014 Vinyl chloride (chloroethene) YES YES
1 A chemical is considered sufficiently toxic if the vapor concentration of the pure component poses an incremental
  lifetime cancer risk greater than 10-6 or a non-cancer hazard index greater than 1.
2 A chemical is considered sufficiently volatile if its Henry’s law constant is 1 x 10-5 atm-m3/mol or greater.
3 One or more of the physical chemical properties required to run the indoor air vapor intrusion models was not found
  during a literature search conducted March 2003.
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CR = Initial soil concentration, g/g

Db = Soil dry bulk density, g/cm3

2w = Soil water-filled porosity, cm3/cm3

Kd = Soil-water partition coefficient, cm3/g (= Koc x foc)

2a = Soil air-filled porosity, cm3/cm3

Koc = Soil organic carbon partition coefficient, cm3/g

foc = Soil organic carbon weight fraction. 

If the initial soil concentration includes a residual phase, the user is referred to the NAPL-
SCREEN or NAPL-ADV models as discussed in Appendix A.  These models estimate indoor air
concentrations and associated risks for up to 10 user-defined contaminants that comprise a residual
phase mixture in soils. 

Csource for groundwater contamination is estimated assuming that the vapor and aqueous-
phases are in local equilibrium according to Henry's law such that: 

wTSsource CHC ′= (2)

where Csource = Vapor concentration at the source of contamination, g/cm3-v

H'TS = Henry's law constant at the system (groundwater) temperature,
   dimensionless

Cw = Groundwater concentration, g/cm3-w. 

The dimensionless form of the Henry's law constant at the system temperature (i.e., at the
average soil/groundwater temperature) may be estimated using the Clapeyron equation by: 
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∆
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11
exp ,

(3)

where H'TS = Henry's law constant at the system temperature,
  dimensionless

)Hv,TS = Enthalpy of vaporization at the system temperature, cal/mol
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TS = System temperature, °K

TR = Henry's law constant reference temperature, oK

HR = Henry's law constant at the reference temperature, atm-m3/mol

RC = Gas constant (= 1.9872 cal/mol - oK)

R = Gas constant (= 8.205 E-05 atm-m3/mol-oK). 

The enthalpy of vaporization at the system temperature can be calculated from Lyman et al.
(1990) as: 

( )
( )

n

CB

CS
bvTSv TT

TT
HH ⎥

⎦

⎤
⎢
⎣

⎡

−
−∆=∆

/1

/1
,, (4)

where )Hv,TS = Enthalpy of vaporization at the system temperature, cal/mol

)Hv,b = Enthalpy of vaporization at the normal boiling point, cal/mol

TS = System temperature, oK

TC = Critical temperature, oK

TB = Normal boiling point, oK

n = Constant, unitless. 

Table 2 gives the value of n as a function of the ratio TB/TC. 

TABLE 2.  VALUES OF EXPONENT n AS A FUNCTION OF TB/TC

TB/TC N

< 0.57 0.30

0.57 - 0.71 0.74 (TB/TC) - 0.116

> 0.71 0.41
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2.3 DIFFUSION THROUGH THE CAPILLARY ZONE

Directly above the water table, a saturated capillary zone exists whereby groundwater is held
within the soil pores at less than atmospheric pressure (Freeze and Cherry, 1979).  Between drainage
and wetting conditions, the saturated water content varies but is always less than the fully saturated
water content which is equal to the soil total porosity.  This is the result of air entrapment in the
pores during the wetting process (Gillham, 1984).  Upon rewetting, the air content of the capillary
zone will be higher than after main drainage.  Therefore, the air content will vary as a function of
groundwater recharge and discharge.  At the saturated water content, Freijer (1994) found that the
relative vapor-phase diffusion coefficient was almost zero.  This implies that all remaining air-filled
soil pores are disconnected and thus blocked for gas diffusion.  As the air-filled porosity increased,
however, the relative diffusion coefficient indicated the presence of connected air-filled pores that
corresponded to the air-entry pressure head.  The air-entry pressure head corresponds with the top
of the saturated capillary zone.  Therefore, to allow for the calculation of the effective diffusion
coefficient by lumping the gas-phase and aqueous-phase together, the water-filled soil porosity in
the capillary zone (2w,cz) is calculated at the air-entry pressure head (h) according to the procedures
of Waitz et al. (1996) and the van Genuchten equation (van Genuchten, 1980) for the water retention
curve: 

( )[ ]MN

rs
rczw

h1

,

1 α

θθθθ
+

−
+= (5)

where 2w,cz = Water-filled porosity in the capillary zone, cm3/cm3

2r = Residual soil water content, cm3/cm3

2s = Saturated soil water content, cm3/cm3

"1 = Point of inflection in the water retention curve where d θw/dh is
  maximal, cm-1

h = Air-entry pressure head, cm (= 1/"1 and assumed to be positive)

N = van Genuchten curve shape parameter, dimensionless

M = 1 - (1/N). 

With a calculated value of 2w,cz within the capillary zone at the air-entry pressure head, the
air-filled porosity within the capillary zone (2a,cz) corresponding to the minimum value at which gas
diffusion is relevant is calculated as the total porosity (n) minus 2w,cz. 

Hers (2002) computed the SCS class average values of the water filled porosity and the
height of the capillary zone SCS soil textural classifications.  Table 3 provides the class average
values for each of the SCS soil types.  These data replace the mean values developed by Schaap and
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Leij (1998) included in the previous U.S. Environmental Protection Agency (EPA) version of the
J&E Models.  With the class average values presented in Table 3, a general estimate can be made
of the values of 2w,cz and 2a,cz for each soil textural classification. 

The total concentration effective diffusion coefficient across the capillary zone (Dcz
eff) may

then be calculated using the Millington and Quirk (1961) model as: 

( ) ( )( )233.3
,

233.3
, /// czczwTSwczczaa

eff
cz nHDnDD θθ ′+= (6)

where Dcz
eff = Effective diffusion coefficient across the capillary zone, cm2/s

Da = Diffusivity in air, cm2/s

2a,cz = Soil air-filled porosity in the capillary zone, cm3/cm3

ncz = Soil total porosity in the capillary zone, cm3/cm3

Dw = Diffusivity in water, cm2/s

H'TS = Henry's law constant at the system temperature, dimensionless

2w,cz = Soil water-filled porosity in the capillary zone, cm3/cm3. 

According to Fick's law of diffusion, the rate of mass transfer across the capillary zone can
be approximated by the expression: 

( ) cz
eff
czgsource LDCCAE /0−= (7)

where E = Rate of mass transfer, g/s

A = Cross-sectional area through which vapors pass, cm2

Csource = Vapor concentration within the capillary zone, g/cm3-v

Cg0 = A known vapor concentration at the top of the capillary
  zone, g/cm3-v (Cg0 is assumed to be zero as diffusion
  proceeds upward)

Dcz
eff = Effective diffusion coefficient across the capillary zone,

  cm2/s

Lcz = Thickness of capillary zone, cm. 
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TABLE 3.  CLASS AVERAGE VALUES OF THE VAN GENUCHTEN SOIL WATER
RETENTION PARAMETERS FOR THE 12 SCS SOIL TEXTURAL CLASSIFICATIONS

van Genuchten parameters
Soil texture

(USDA)

Saturated
water

content, 2s

Residual
water

Content, 2r "1 (1/cm) N M

Clay 0.459 0.098 0.01496 1.253 0.2019

Clay loam 0.442 0.079 0.01581 1.416 0.2938

Loam 0.399 0.061 0.01112 1.472 0.3207

Loamy sand 0.390 0.049 0.03475 1.746 0.4273

Silt 0.489 0.050 0.00658 1.679 0.4044

Silty loam 0.439 0.065 0.00506 1.663 0.3987

Silty clay 0.481 0.111 0.01622 1.321 0.2430

Silty clay
loam

0.482 0.090 0.00839 1.521 0.3425

Sand 0.375 0.053 0.03524 3.177 0.6852

Sandy clay 0.385 0.117 0.03342 1.208 0.1722

Sandy clay
loam

0.384 0.063 0.02109 1.330 0.2481

Sandy loam 0.387 0.039 0.02667 1.449 0.3099
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The value of Csource is calculated using Equation 2; the value of A is assumed to be 1 cm2;
and the value of Dcz

eff is calculated by Equation 6.  What remains is a way to estimate a value for Lcz.
  

Lohman (1972) and Fetter (1994) estimated the rise of the capillary zone above the water
table using the phenomenon of capillary such that water molecules are subject to an upward
attractive force due to surface tension at the air-water interface and the molecular attraction of the
liquid and solid phases.  The rise of the capillary zone can thus be estimated using the equation for
the height of capillary rise in a bundle of tubes of various diameters equivalent to the diameters
between varying soil grain sizes.  Fetter (1994) estimated the mean rise of the capillary zone as: 

Rg

COS
L

w
cz ρ

λα 22
= (8)

where Lcz = Mean rise of the capillary zone, cm

α2 = Surface tension of water, g/s (= 73)

8 = Angle of the water meniscus with the capillary tube, degrees
  (assumed to be zero)

Dw = Density of water, g/cm3 (= 0.999)

g = Acceleration due to gravity, cm/s2 (= 980)

R = Mean interparticle pore radius, cm

and;

DR 2.0= (9)

where R = Mean interparticle pore radius, cm

D = Mean particle diameter, cm. 

Assuming that the default values of the parameters given in Equation 8 are for groundwater
between 5o and 25oC, Equation 8 reduces to: 

.
15.0

R
Lcz = (10)

Nielson and Rogers (1990) estimated the arithmetic mean particle diameter for each of the
12 SCS soil textural classifications at the mathematical centroid calculated from its classification
area (Figure 3).  Table 4 shows the centroid compositions and mean particle sizes of the 12 SCS soil
textural classes. 
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Figure 3.  U.S. Soil Conservation Service Classification Chart Showing Centroid Compositions
(Solid Circles)
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TABLE 4.  CENTROID COMPOSITIONS, MEAN PARTICLE DIAMETERS AND DRY
BULK DENSITY OF THE 12 SCS SOIL TEXTURAL CLASSIFICATIONS

Textural
class % clay % silt % sand

Arithmetic mean
particle diameter, cm

Dry Bulk
Density g/cm3

Sand 3.33 5.00 91.67 0.044 1.66

Loamy sand 6.25 11.25 82.50 0.040 1.62

Sandy loam 10.81 27.22 61.97 0.030 1.62

Sandy clay
loam

26.73 12.56 60.71 0.029 1.63

Sandy clay 41.67 6.67 51.66 0.025 1.63

Loam 18.83 41.01 40.16 0.020 1.59

Clay loam 33.50 34.00 32.50 0.016 1.48

Silt loam 12.57 65.69 21.74 0.011 1.49

Clay 64.83 16.55 18.62 0.0092 1.43

Silty clay
loam

33.50 56.50 10.00 0.0056 1.63

Silt 6.00 87.00 7.00 0.0046 1.35

Silty clay 46.67 46.67 6.66 0.0039 1.38

Given the mean particle diameter data in Table 4, the mean thickness of the capillary zone
may then be estimated using Equations 9 and 10. 

2.4 DIFFUSION THROUGH THE UNSATURATED ZONE

The effective diffusion coefficient within the unsaturated zone may also be estimated using
the same form as Equation 6: 

( ) ( )( )233.3
,

233.3
, /// iiwTSwiiaa

eff
i nHDnDD θθ ′+= (11)
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where Di
eff = Effective diffusion coefficient across soil layer i, cm2/s

Da = Diffusivity in air, cm2/s

2a,i = Soil air-filled porosity of layer i, cm3/cm3

ni = Soil total porosity of layer i, cm3/cm3

Dw = Diffusivity in water, cm2/s

2w,i = Soil water-filled porosity of layer i, cm3/cm3

H'TS = Henry's law constant at the system temperature, dimensionless

The overall effective diffusion coefficient for systems composed of n distinct soil layers
between the source of contamination and the enclosed space floor is:

eff
ii

n

i

Teff
T

DL

L
D

/
0
∑

=

= (12)

where DT
eff = Total overall effective diffusion coefficient, cm2/s

Li = Thickness of soil layer i, cm

Di
eff = Effective diffusion coefficient across soil layer i, cm2/s

LT = Distance between the source of contamination and the bottom of the
  enclosed space floor, cm. 

Note that in the case of cracks in the floor of the enclosed space, the value of LT does not include the
thickness of the floor, nor does the denominator of Equation 12 include the thickness of the floor and
the associated effective diffusion coefficient across the crack(s).  An unlimited number of soil layers,
including the capillary zone, may be included in Equation 12, but all layers must be located between
the source of contamination and the enclosed space floor. 

2.5 THE INFINITE SOURCE SOLUTION TO CONVECTIVE AND DIFFUSIVE
TRANSPORT

Under the assumption that mass transfer is steady-state, J&E (1991) give the solution for the
attenuation coefficient (α) as: 
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where " = Steady-state attenuation coefficient, unitless

DT
eff = Total overall effective diffusion coefficient, cm2/s

AB = Area of the enclosed space below grade, cm2

Qbuilding = Building ventilation rate, cm3/s

LT = Source-building separation, cm

Qsoil = Volumetric flow rate of soil gas into the enclosed space,
   cm3/s

Lcrack = Enclosed space foundation or slab thickness, cm

Acrack = Area of total cracks, cm2

Dcrack = Effective diffusion coefficient through the cracks, cm2/s
  (assumed equivalent to Di

eff of soil layer i in contact with
  the floor). 

The total overall effective diffusion coefficient is calculated by Equation 12.  The value of
AB includes the area of the floor in contact with the underlying soil and the total wall area below
grade.  The building ventilation rate (Qbuilding) may be calculated as: 

( ) hsERHWLQ BBBbuilding /600,3/= (14)

where Qbuilding = Building ventilation rate, cm3/s

LB = Length of building, cm

WB = Width of building, cm

HB = Height of building, cm
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ER = Air exchange rate, (1/h). 

The building dimensions in Equation 14 are those dimensions representing the total "living" space
of the building; this assumes that the total air volume within the structure is well mixed and that any
vapor contaminant entering the structure is instantaneously and homogeneously distributed. 

The volumetric flow rate of soil gas entering the building (Qsoil) is calculated by the
analytical solution of Nazaroff (1988) such that: 

( )crackcrack

crackv
soil rZ

XkP
Q

/2ln

2

µ
π∆= (15)

where Qsoil = Volumetric flow rate of soil gas entering the building, cm3/s

π = 3.14159

)P = Pressure differential between the soil surface and the enclosed
  space, g/cm-s2

kv = Soil vapor permeability, cm2

Xcrack = Floor-wall seam perimeter, cm

: = Viscosity of air, g/cm-s

Zcrack = Crack depth below grade, cm

rcrack = Equivalent crack radius, cm. 

Equation 15 is an analytical solution to vapor transport solely by pressure-driven air flow to an
idealized cylinder buried some distance (Zcrack) below grade; the length of the cylinder is taken to be
equal to the building floor-wall seam perimeter (Xcrack).  The cylinder, therefore, represents that
portion of the building below grade through which vapors pass.  The equivalent radius of the floor-
wall seam crack (rcrack) is given in J&E (1991) as: 

( )crackBcrack XAr /η= (16)

where rcrack = Equivalent crack radius, cm

0 = Acrack/AB, (0 ≤ �0 ≤ � 1)
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AB = Area of the enclosed space below grade, cm2

Xcrack = Floor-wall seam perimeter, cm. 

The variable rcrack is actually the product of the fixed crack-to-total area ratio (0) and the hydraulic
radius of the idealized cylinder, which is equal to the total area (AB) divided by that portion of the
cylinder perimeter in contact with the soil gas (Xcrack).  Therefore, if the dimensions of the enclosed
space below grade (AB) and/or the floor-wall seam perimeter (Xcrack) vary, and the crack-to-total area
ratio (0) remains constant, the value of rcrack must also vary.  The total area of cracks (Acrack) is the
product of 0 and AB. 

Equation 15 requires that the soil column properties within the zone of influence of the
building (e.g., porosities, bulk density, etc.) be homogeneous, that the soil be isotropic with respect
to vapor permeability, and that the pressure within the building be less than atmospheric. 

Equation 13 contains the exponent of the following dimensionless group: 
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This dimensionless group represents the equivalent Peclet number for transport through the building
foundation.  As the value of this group approaches infinity, the value of " approaches: 
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In the accompanying spreadsheets, if the exponent of Equation 17 is too great to be calculated, the
value of " is set equal to Equation 18. 

With a calculated value of ", the steady-state vapor-phase concentration of the contaminant
in the building (Cbuilding) is calculated as: 

.sourcebuilding CC α= (19)
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2.6 THE FINITE SOURCE SOLUTION TO CONVECTIVE AND DIFFUSIVE
TRANSPORT

If the thickness of soil contamination is known, the finite source solution of J&E (1991) can
be employed such that the time-averaged attenuation coefficient (<α>) may be calculated as: 
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where <α> = Time-averaged finite source attenuation coefficient,
  unitless

ρb = Soil dry bulk density at the source of contamination,
  g/cm3

CR = Initial soil concentration, g/g

∆Hc = Initial thickness of contamination, cm

AB = Area of enclosed space below grade, cm2

Qbuilding = Building ventilation rate, cm3/s

Csource = Vapor concentration at the source of contamination,
  g/cm3-v

J = Exposure interval, s

LT
0 = Source-building separation at time = 0, cm

and;
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and;
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Implicit in Equation 20 is the assumption that source depletion occurs from the top boundary
of the contaminated zone as contaminant volatilizes and moves upward toward the soil surface.  This
creates a hypothetical "dry zone" (δ) that grows with time; conversely, the "wet zone" of
contamination retreats proportionally.  When the thickness of the depletion zone (δ) is equal to the
initial thickness of contamination �(∆Hc), the source is totally depleted.  The unitless expression
(LT

0/)Hc)[($
2 + 2 ΨJ)1/2 - $] in Equation 20 represents the cumulative fraction of the depletion zone

at the end of the exposure interval J.  Multiplying this expression by the remainder of Equation 20
results in the time-averaged finite source attenuation coefficient (<α>). 

With a calculated value for <α>, the time-averaged vapor concentration in the building
(Cbuilding) is: 

.sourcebuilding CC 〉〈= α (23)

For extended exposure intervals (e.g., 30 years), the time for source depletion may be less
than the exposure interval.  The time for source depletion �JD) may be calculated by:
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If the exposure interval (J) is greater than the time for source depletion �JD), the time-averaged
building vapor concentration may be calculated by a mass balance such that:

τ
ρ
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BcRb
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∆
= (25)

where Cbuilding = Time-averaged vapor concentration in the building,
  g/cm3-v

Db = Soil dry bulk density at the source of contamination, g/cm3

CR = Initial soil concentration, g/g

)Hc = Initial thickness of contamination, cm

AB = Area of enclosed space below grade, cm2

Qbuilding= Building ventilation rate, cm3/s

J = Exposure interval, s. 
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2.7 THE SOIL GAS MODELS

Use of the J&E Model has typically relied on a theoretical partitioning of the total volume
soil concentration into the sorbed, aqueous, and vapor phases.  The model has also relied on a
theoretical approximation of vapor transport by diffusion and convection from the source of
emissions to the building floor in contact with the soil.  Use of measured soil gas concentrations
directly beneath the building floor instead of theoretical vapor concentrations and vapor transport
has obvious advantages that would help to reduce the uncertainty in the indoor air concentration
estimates made by the model. 

The soil gas models (SG-SCREEN and SG-ADV) are designed to allow the user to input
measured soil gas concentration and sampling depth information directly into the spreadsheets.  In
the new models, the value of the user-defined soil gas concentration is assigned as the value of Csource

in Equation 19.  The steady-state (infinite source) attenuation coefficient (") in Equation 19 is
calculated using Equation 13.  The steady-state solution for the attenuation coefficient is used
because no evaluation has been made regarding the size and total mass of the source of emissions.
The source of emissions, therefore, cannot be depleted over time.  The soil gas models estimate the
steady-state indoor air concentration over the exposure duration.  For a detailed discussion of using
the soil gas models as well as soil gas sampling, see Section 4 of this document. 

2.8 SOIL VAPOR PERMEABILITY

Soil vapor permeability (kv) is one of the most sensitive model parameters associated with
convective transport of vapors within the zone of influence of the building.  Soil vapor permeability
is typically measured from field pneumatic tests.  If field data are lacking, however, an estimate of
the value of kv can be made with limited data. 

Soil intrinsic permeability is a property of the medium alone that varies with the size and
shape of connected soil pore openings.  Intrinsic permeability (ki) can be estimated from the soil
saturated hydraulic conductivity: 

g

K
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w

ws
i ρ

µ= (26)

where ki = Soil intrinsic permeability, cm2

Ks = Soil saturated hydraulic conductivity, cm/s

:w = Dynamic viscosity of water, g/cm-s (= 0.01307 at 10oC)

Dw = Density of water, g/cm3 (= 0.999)
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g = Acceleration due to gravity, cm/s2 (= 980.665). 

Schaap and Leij (1998) computed the SCS class average values of the saturated hydraulic
conductivity (Ks) for each of the 12 SCS soil textural classifications (Table 5).  With these values,
a general estimate of the value of ki can be made by soil type.  As an alternative, in situ
measurements of the site-specific saturated hydraulic conductivity can be made and the results input
into Equation 26 to compute the value of the soil intrinsic permeability. 

Effective permeability is the permeability of the porous medium to a fluid when more than
one fluid is present; it is a function of the degree of saturation.  The relative air permeability of soil
(krg) is the effective air permeability divided by the intrinsic permeability and therefore takes into
account the effects of the degree of water saturation on air permeability. 

TABLE 5.  CLASS AVERAGE VALUES OF SATURATED HYDRAULIC CONDUCTIVITY
FOR THE 12 SCS SOIL TEXTURAL CLASSIFICATIONS

Soil texture , USDA Class average saturated hydraulic conductivity, cm/h
Sand 26.78
Loamy sand 4.38
Sandy loam 1.60
Sandy clay loam 0.55
Sandy clay 0.47
Loam 0.50
Clay loam 0.34
Silt loam 0.76
Clay 0.61
Silty clay loam 0.46
Silt 1.82
Silty clay 0.40

Parker et al. (1987) extended the relative air permeability model of van Genuchten (1980)
to allow estimation of the relative permeabilities of air and water in a two- or three-phase system:

( ) ( ) MM
teterg SSk

2/12/1 11 −−= (27)

where krg = Relative air permeability, unitless (0 ≤ krg ≤ 1)

Ste = Effective total fluid saturation, unitless

M = van Genuchten shape parameter, unitless. 
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Given a two-phase system (i.e., air and water), the effective total fluid saturation (Ste) is calculated
as: 

( )
( )r

rw
te n

S
θ
θθ

−
−

= (28)

where Ste = Effective total fluid saturation, unitless

2w = Soil water-filled porosity, cm3/cm3

2r = Residual soil water content, cm3/cm3

n = Soil total porosity, cm3/cm3. 

Class average values for the parameters 2r and M by SCS soil type may be obtained from
Table 3. 

The effective air permeability (kv) is then the product of the intrinsic permeability (ki) and
the relative air permeability (krg) at the soil water-filled porosity 2w. 

2.9 CALCULATION OF A RISK-BASED SOIL OR GROUNDWATER
CONCENTRATION

Both the infinite source model estimate of the steady-state building concentration and the
finite source model estimate of the time-averaged building concentration represent the exposure
point concentration used to assess potential risks.  Calculation of a risk-based media concentration
for a carcinogenic contaminant takes the form: 

building

C
C CxEDxEFxURF

yrdaysxATxTR
C

/365= (29)

where CC = Risk-based media concentration for carcinogens, :g/kg-soil, or
   :g/L-water

TR = Target risk level, unitless

ATC = Averaging time for carcinogens, yr

URF = Unit risk factor, �:g/m3)-1

EF = Exposure frequency, days/yr

ED = Exposure duration, yr
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Cbuilding = Vapor concentration in the building, :g/m3 per :g/kg-soil,
  or :g/m3 per :g/L-water. 

In the case of a noncarcinogenic contaminant, the risk-based media concentration is
calculated by: 

building

NC
NC

Cx
RfC

xEDxEF

yrdaysxATxTHQ
C

1
/365= (30)

where CNC = Risk-based media concentration for noncarcinogens,
  :g/kg-soil, or :g/L-water

THQ = Target hazard quotient, unitless

ATNC = Averaging time for noncarcinogens, yr

EF = Exposure frequency, days/yr

ED = Exposure duration, yr

RfC = Reference concentration, mg/m3

Cbuilding = Vapor concentration in the building, mg/m3 per
   :g/kg-soil, or mg/m3 per :g/L-water. 

The spreadsheets calculate risk-based media concentrations based on a unity initial
concentration.  That is, soil risk-based concentrations are calculated with an initial hypothetical soil
concentration of 1 :g/kg-soil, while for groundwater the initial hypothetical concentration is 1 :g/L-
water. 

For this reason, the values of Csource and Cbuilding shown on the INTERCALCS worksheet
when reverse-calculating a risk-based media concentration do not represent actual values.  For these
calculations, the following message will appear on the RESULTS worksheet:

"MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based
on unity and do not represent actual values.”

When forward-calculating risks from a user-defined initial soil or groundwater concentration, the
values of Csource and Cbuilding on the INTERCALCS worksheet are correct. 



30

2.10 CALCULATION OF INCREMENTAL RISKS

Forward-calculation of incremental risks begins with an actual initial media concentration
(i.e., :g/kg-soil or :g/L-water).  For carcinogenic contaminants, the risk level is calculated as: 

yrdaysxAT

CxEDxEFxURF
Risk

C

building

/365
= (31)

For noncarcinogenic contaminants, the hazard quotient (HQ) is calculated as: 

.
/365

1

yrdaysxAT

Cx
RfC

xEDxEF

HQ
NC

building

= (32)

2.11 MAJOR MODEL ASSUMPTIONS/LIMITATIONS

The following represent the major assumptions/limitations of the J&E Model.

1. Contaminant vapors enter the structure primarily through cracks and openings in the
walls and foundation. 

2. Convective transport occurs primarily within the building zone of influence and vapor
velocities decrease rapidly with increasing distance from the structure.

3. Diffusion dominates vapor transport between the source of contamination and the
building zone of influence. 

4. All vapors originating from below the building will enter the building unless the
floors and walls are perfect vapor barriers. 

5. All soil properties in any horizontal plane are homogeneous. 

6. The contaminant is homogeneously distributed within the zone of contamination. 

7. The areal extent of contamination is greater than that of the building floor in contact
with the soil. 

8. Vapor transport occurs in the absence of convective water movement within the soil
column (i.e., evaporation or infiltration), and in the absence of mechanical dispersion.

9. The model does not account for transformation processes (e.g., biodegradation,
hydrolysis, etc.). 
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10. The soil layer in contact with the structure floor and walls is isotropic with respect
to permeability. 

11. Both the building ventilation rate and the difference in dynamic pressure between the
interior of the structure and the soil surface are constant values. 

Use of the J&E Model as a first-tier screening tool to identify sites needing further
assessment requires careful evaluation of the assumptions listed in the previous section to determine
whether any conditions exist that would render the J&E Model inappropriate for the site.  If the
model is deemed applicable at the site, care must be taken to ensure reasonably conservative and
self-consistent model parameters are used as input to the model.  Considering the limited site data
typically available in preliminary site assessments, the J&E Model can be expected to predict only
whether or not a risk-based exposure level will be exceeded at the site.  Precise prediction of
concentration levels is not possible with this approach. 

The suggested minimum site characterization information for a first tier evaluation of the
vapor intrusion pathway includes:  site conceptual model, nature and extent of contamination
distribution, soil lithologic descriptions, groundwater concentrations, and/or possibly near source soil
vapor concentrations.  The number of samples and measurements needed to establish this
information varies by site and it’s not possible to provide a hard and fast rule.  Bulk soil
concentrations should not be used unless appropriately preserved during sampling.

Based on the conceptual site model (CSM), the user can select the appropriate spreadsheet
corresponding to the vapor source at the site and determine whether to use the screening level
spreadsheet (which allows only one soil type above the capillary fringe) or the more advanced
version (which allows up to three layers above the capillary fringe).  Because most of the inputs to
the J&E Model are not collected during a typical site characterization, conservative inputs have to
be estimated or inferred from available data and other non-site-specific sources of information.

The uncertainty in determining key model parameters and sensitivity of the J&E Model to
those key model parameters is qualitatively described in Table 6.  As shown in the table, building-
related parameters will moderate to high uncertainty and model sensitivity include:  Qsoil, building
crack ratio, building air-exchange rate, and building mixing height.  Building-related parameters with
low uncertainty and sensitivity include:  foundation area, depth to base of foundation, and foundation
slab thickness.  Of the soil-dependent properties, the soil moisture parameters clearly are of critical
importance for the attenuation value calculations. 
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TABLE 6.  UNCERTAINTY AND SENSITIVITY OF KEY PARAMETERS FOR THE
VAPOR INTRUSION MODEL

Parameter Sensitivity

Input Parameter

Parameter
Uncertainty

Or Variability

Shallower
Contamination

Building 
Underpressurized

Deeper
Contamination

Building
Underpressurized

Shallower
Contamination

Building
Not

Underpressurized

Deeper
Contamination
Building Not

Underpressurized
Soil Total Porosity (n) Low Low Low Low Low
Soil Water-filled Porosity (2w) Moderate to High Low to Moderate Moderate to High Moderate to High Moderate to High
Capillary Zone Water-filled Porosity (2n, cz) Moderate to High Moderate to High Moderate to High Moderate to High Moderate to High
Thickness of Capillary Zone (Lcz) Moderate to High Moderate to High Moderate to High Moderate to High Moderate to High
Soft Dry Bulk Density (Db) Low Low Low Low Low
Average Vapor Flowrate into a Building (Qsoil) High Moderate to High Low to Moderate N/A N/A
Soil Vapor Permeability(Kv) High Moderate to High Low to Moderate N/A N/A
Soil to Building Pressure Differential ()P) Moderate Moderate Low to Moderate N/A N/A
Henry’s Law Constant (for single chemical) (H) Low to Moderate Low to Moderate Low to Moderate Low to Moderate Low to Moderate
Diffusivity  in Air (DA) Low Low Low Low Low
Indoor Air Exchange Rate (ER) Moderate Moderate Moderate Moderate Moderate
Enclosed Space Height (HB) Moderate Moderate Moderate Moderate Moderate
Area of Enclosed Space Below Grade (AB) Low to Moderate Low to Moderate Low to Moderate Low to Moderate Low to Moderate
Depth Below Grade to Bottom of Enclosed Space
(LF)

Low Low Low Low Low

Crack-to-Total Area Ratio (0) High Low Low Moderate to High Low to Moderate
Enclosed Space Floor Thickness (Lcrack) Low Low Low Low Low
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SECTION 3

SOIL AND GROUNDWATER MODEL APPLICATION

This section provides step-by-step instructions on how to implement the soil and
groundwater contamination versions of the J&E Model using the spreadsheets.  This section also
discusses application of the soil gas versions of the model.  The user provides data and selects certain
input options, and views model results via a series of worksheets.  Error messages are provided
within both the data entry worksheet and the results worksheet to warn the user that entered data are
missing or outside of permitted limits. 

The J&E Model as constructed within the accompanying spreadsheets requires a range of
input variables depending on whether a screening-level or advanced model is chosen.  Table 7
provides a list of all major input variables, the range of practical values for each variable, the default
value for each variable, and the relative model sensitivity and uncertainty of each variable.  Table
7 also includes references for each value or range of values. 

Table 8 indicates the results of an increase in the value of each input parameter.  The results
are shown as either an increase or a decrease in the building concentration (Cbuilding) of the pollutant.
An increase in the building concentration will result in an increase in the risk when forward-
calculating from an initial soil or groundwater concentration.  When reverse-calculating to a risk-
based “acceptable” soil or groundwater concentration, an increase in the hypothetical unit building
concentration will result in a lower “acceptable” soil or groundwater concentration. 

A list of reasonably conservative model input parameters for building-related parameters is
provided in Table 9, which also provides the practical range, typical or mean value (if applicable),
and most conservative value for these parameters.  For building parameters with low uncertainty and
sensitivity, only a single “fixed” value corresponding to the mean or typical value is provided in
Table 9.  Soil-dependent properties are provided in Table 10 for soils classified according to the US
SCS system.  If site soils are not classified according to the US SCS, Table 11 can be used to assist
in selecting an appropriate SCS soil type corresponding to the available site lithologic information.
 Note that the selection of the soil texture class should be biased towards the coarsest soil type of
significance, as determined by the site characterization program. 
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TABLE 7.  RANGE OF VALUES FOR SELECTED INPUT PARAMETERS
Input parameter Practical range of values Default value

Soil water-filled porosity (2w) 0.04 – 0.33 cm3/cm3a Soil dependent see
Table 10

Soil vapor permeability (kv) 10-6 – 10-12 cm2b,c 10-8 cm2d

Soil-building pressure differential ()P) 0 – 20 Pa3 4 Paf

Media initial concentration (CR, Cw) User-defined NA
Depth to bottom of soil contamination (Lb) User-defined NA
Depth to top of concentration (LT) User-defined NA
Floor-wall seam gap (w) 0.05 – 1.0 cme 0.1 cme

Soil organic carbon fraction (foc) 0.001 – 0.006a 0.002a

Indoor air exchange rate (ER) 0.18 – 1.26 (H-1)g 0.25 (h-1)g,h

Soil total porosity (n) 0.34 – 0.53 cm3/cm3a 0.43 cm3/cm3a

Soil dry bulk density (Db) 1.25 – 1.75 g/cm3a 1.5 g/cm3a

aU.S. EPA (1996a and b).
bJohnson and Ettinger (1991).
cNazaroff (1988).
dBased on transition point between diffusion and convection dominated transport from Johnson and
 Ettinger (1991). 
eEaton and Scott (1984); Loureiro et al. (1990). 
fLoureiro et al. (1990); Grimsrud et al. (1983). 
gKoontz and Rector (1995).
hParker et al. (1990). 
iU.S. DOE (1995). 
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TABLE 8.  EFFECT ON BUILDING CONCENTRATION FROM AN INCREASE IN INPUT
PARAMETER VALUES

Input parameter Change in parameter
value

Effect on building
concentration

Soil water-filled porosity (2w) Increase Decrease
Soil vapor permeability (kv) Increase Increase
Soil-building pressure differential ()P) Increase Increase
Media initial concentration (CR, Cw)a Increase Increase
Depth to bottom of soil contamination (Lb)

b Increase Increase
Depth to top of concentration (LT) Increase Decrease
Floor-wall seam gap (w) Increase Increase
Soil organic carbon fraction (foc) Increase Decrease
Indoor air exchange rate (ER) Increase Decrease
Building volumec (LB x WB x HB) Increase Decrease
Soil total porosity (n) Increase Increase
Soil dry bulk density (Db) Increase Decrease
a This parameter is applicable only when forward-calculating risk.
b Applicable only to advanced model for soil contamination. 
c Used with building air exchange rate to calculate building ventilation rate. 
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TABLE 9.  BUILDING-RELATED PARAMETERS FOR THE VAPOR INTRUSION
MODEL

Input Parameter Units
Fixed or
Variable

Typical or Mean
Value Range

Conservative
Value Default Value

Total Porosity cm3/cm3 Fixed Specific to soil texture, see Table 10
Unsaturated Zone Water-
filled Porosity

cm3/cm3 Variable Specific to soil texture, see Table 10

Capillary Transition zone
Water-filled Porosity

cm3/cm3 Fixed Specific to soil texture, see Table 10

Capillary Transition Zone
height

cm3/cm3 Fixed Specific to soil texture, see Table 10

Qsoil L/min Variable Specific to soil texture, see Table 10
Soil air permeability m2 Variable Specific to soil texture, see Table 10
Building Depressurization Pa Variable 4 0-15 15 N/A
Henry’s law constant (for
single chemical)

- Fixed Specific to chemical, see Appendix B

Free-Air Diffusion
Coefficient (single chemical)

- Fixed Specific to chemical, see Appendix B

Building Air exchange Rate hr-1 Variable 0.5 0.1-1.5 0.1 0.25
Building Mixing height –
Basement scenario

m Variable 3.66 2.44-4.88 2.44 3.66

Building Mixing height –
Slab-on-grade scenario

m Variable 2.44 2.13-3.05 2.13 2.44

Building Footprint Area –
Basement Scenario

m2 Variable 120 80-200+ 80 100

Building Footprint Area –
Slab-on-Grade Scenario

m2 Variable 120 80-200+ 80 100

Subsurface Foundation area
– Basement Scenario

m2 Variable 208 152-313+ 152 180

Subsurface Foundation area
– Slab-on-Grade Scenario

m2 Fixed 127 85-208+ 85 106

Depth to Base of Foundation
– Basement Scenario

m Fixed 2 N/A N/A 2

Depth to Base of Foundation
– Slab-on-Grade Scenario

m Fixed 0.15 N/A N/A 0.15

Perimeter Crack Width mm Variable 1 0.5-5 5 1
Building Crack ratio – Slab-
on-Grade Scenario

dimensionless Variable 0.00038 0.00019-0.0019 0.0019 3.77 x 10-4

Building Crack ratio –
Basement Scenario

dimensionless Variable 0.0002 0.0001-0.001 0.001 2.2 x 10-4

Crack Dust Water-Filled
Porosity

cm3/cm3 Fixed Dry N/A N/A Dry

Building Foundation Slab
Thickness

m Fixed 0.1 N/A N/A 0.1
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TABLE 10.  SOIL-DEPENDENT PROPERTIES FOR THE VAPOR INTRUSION MODEL -
FIRST TIER ASSESSMENT

Unsaturated Zone Capillary Transition Zone
U.S. Soil Saturated Saturated

Conservation Water Residual Water-Filled Porosity Water θw,cap Height
Service (SCS) Content  Water Mean or Typical Content  Cap Cap Zone
Soil Texture Total Porosity Content (FC1/3bar+θr)/2 Range Conservative Modeled Total Porosity @ air-entry Fetter (94)

θs (cm3/cm3) θr (cm3/cm3) θw,unsat (cm3/cm3) θw,unsat (cm3/cm3) θw,unsat (cm3/cm3) θw,unsat (cm3/cm3) θs (cm3/cm3) (cm)

Clay 0.459 0.098 0.215 0.098-0.33 0.098 0.215 0.459 0.412 81.5
Clay Loam 0.442 0.079 0.168 0.079-0.26 0.079 0.168 0.442 0.375 46.9
Loam 0.399 0.061 0.148 0.061-0.24 0.061 0.148 0.399 0.332 37.5
Loamy Sand 0.39 0.049 0.076 0.049-0.1 0.049 0.076 0.39 0.303 18.8
Silt 0.489 0.05 0.167 0.05-0.28 0.050 0.167 0.489 0.382 163.0
Silt Loam 0.439 0.065 0.180 0.065-0.3 0.065 0.180 0.439 0.349 68.2
Silty Clay 0.481 0.111 0.216 0.11-0.32 0.111 0.216 0.481 0.424 192.0
Silty Clay Loam 0.482 0.09 0.198 0.09-0.31 0.090 0.198 0.482 0.399 133.9
Sand 0.375 0.053 0.054 0.053-0.055 0.053 0.054 0.375 0.253 17.0
Sandy Clay 0.385 0.117 0.197 0.117-0.28 0.117 0.197 0.385 0.355 30.0
Sandy Clay Loam 0.384 0.063 0.146 0.063-0.23 0.063 0.146 0.384 0.333 25.9
Sandy Loam 0.387 0.039 0.103 0.039-0.17 0.039 0.103 0.387 0.320 25.0
Loamy Sand 0.39 0.049 0.076 0.049-0.1 0.049 0.076 0.39 0.303 18.8

TABLE 11.  GUIDANCE FOR SELECTION OF SOIL TYPE
If your boring log indicates that the following
materials are the predominant soil types …

Then you should use the following
texture classification when
obtaining the attenuation factor

Sand or Gravel or Sand and Gravel, with less than
about 12 % fines, where “fines” are smaller than 0.075
mm in size.

Sand

Sand or Silty Sand, with about 12 % to 25 % fines Loamy Sand
Silty Sand, with about 20 % to 50 % fines Sandy Loam
Silt and Sand or Silty Sand or Clayey, Silty Sand or
Sandy Silt or Clayey, Sandy Silt, with about 45 to 75 %
fines

Loam

Sandy Silt or Silt, with about 50 to 85 % fines Silt Loam

These input parameters were developed from the best available soil-physics science,
available studies of building characteristics, and international-expert opinion.  Consequently, the
input parameters listed in Tables 9 and 10 are considered default parameters for a first-tier
assessment, which should in most cases provide a reasonably (but not overly) conservative estimate
of the vapor intrusion attenuation factor for a site.  Justification for the building-related and soil-
dependent parameters values selected as default values for the J&E Model is described below. 

3.1 JUSTIFICATION OF DEFAULT SOIL-DEPENDENT PROPERTIES

The default soil-dependent parameters recommended for a first tier assessment (Table 10)
represent mean or typical values, rather than the most conservative value, in order to avoid overly
conservative estimates of attenuation factors. Note, however, that the range of values for some
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soil properties can be very large, particularly in the case of moisture content and hydraulic
conductivity. Consequently, selecting a soil type and corresponding typical soil property value
may not accurately or conservatively represent a given site. Note also that Table 9 does not
provide estimates of soil properties for very coarse soil types, such as gravel, gravelly sand, and
sandy gravel, etc., which also may be present in the vadose zone.  Consequently, in cases where
the vadose zone is characterized by very coarse materials, the J&E Model may not provide a
conservative estimate of attenuation factor. 

As discussed above, the J&E Model is sensitive to the value of soil moisture content.
Unfortunately, there is little information available on measured moisture contents below buildings.
Therefore, the typical approach is to use a water retention model (e.g., van Genuchten model) to
approximate moisture contents.  For the unsaturated zone, the selected default value for soil moisture
is a value equal to halfway between the residual saturation value and field capacity, using the van
Genuchten model-predicted values for U.S. SCS soil types.  For the capillary transition zone, a
moisture content corresponding to the air entry pressure head is calculated by using the van
Genuchten model. When compared to other available water retention models, the van Genuchten
model yields somewhat lower water contents, which results in more conservative estimates of
attenuation factor.  The soil moisture contents listed in Table 10 are based on agricultural samples,
which are likely to have higher water contents than soils below building foundations and,
consequently result in less-conservative estimates of the attenuation factor. 

3.2 JUSTIFICATION OF DEFAULT BUILDING-RELATED PROPERTIES

Building Air Exchange Rate (Default Value  = 0.25 AEH)

The results of 22 studies for which building air exchange rates are reported in Hers et al.
(2001).  Ventilation rates vary widely from approximately 0.1 AEH for energy efficient “air-tight”
houses (built in cold climates) (Fellin and Otson, 1996) to over 2 AEH (AHRAE (1985); upper
range).  In general, ventilation rates will be higher in summer months when natural ventilation rates
are highest. Murray and Burmaster (1995) conducted one of the most comprehensive studies of U.S.
residential air exchange rates (sample size of 2844 houses).  The data set was analyzed on a seasonal
basis and according to climatic region.  When all the data were analyzed, the 10th, 50th and 90th

percentile values were 0.21, 0.51 and 1.48 AEH.  Air exchange rates varied depending on season and
climatic region.  For example, for the winter season and coldest climatic area (Region 1, e.g., Great
Lakes area and extreme northeast U.S.), the 10th, 50th , and 90th percentile values were 0.11, 0.27 and
0.71 AEH, respectively..  In contrast, for the winter season and warmest climatic area [Region 4
(southern California, Texas, Florida, Georgia)], the 10th, 50th, and 90th percentile values were 0.24,
0.48 and 1.13 AEH, respectively.  Although building air exchange rates would be higher during the
summer months, vapor intrusion during winter months (when house depressurization is expected to
be most significant) would be of greatest concern.  For this guidance, a default value of 0.25 for air
exchange rate was selected to represent the lower end of these distributions. 
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Crack Width and Crack Ratio (Default Value = 0.0002 for basement house; = 0.0038 for slab-on-
grade house)

The crack width and crack ratio are related.  Assuming a square house and that the only crack
is a continuous edge crack between the foundation slab and wall (“perimeter crack”), the crack ratio
and crack width are related as follows: 

Crack Ratio = Crack Width x 4 x (Subsurface Foundation Area)^0.5/Subsurface Foundation Area

Little information is available on crack width or crack ratio.  One approach used by radon
researchers is to back-calculate crack ratios using a model for soil gas flow through cracks and the
results of measured soil gas flow rates into a building.  For example, the back-calculated values for
a slab/wall edge crack based on soil gas-entry rates reported in Nazaroff (1992), Revzan et al.
(1991), and Nazaroff et al. (1985) range from about 0.0001 to 0.001. Another possible approach is
to measure crack openings although this, in practice, is difficult to do.  Figley and Snodgrass (1992)
present data from 10 houses where edge crack measurements were made.  At the eight houses where
cracks were observed, the crack widths ranged from hairline cracks up to 5 mm wide, while the total
crack length per house ranged from 2.5 m to 17.3 m.  Most crack widths were less than 1 mm.  The
suggested defaults for crack ratio in regulatory guidance, literature, and models also vary.  In ASTM
E1739-95, a default crack ratio of 0.01 is used.  The crack ratios suggested in the VOLASOIL model
(developed by the Dutch Ministry of Environment) range from 0.0001 to 0.000001.  The VOLASOIL
model values correspond to values for a “good” and “bad” foundation, respectively.  The crack ratio
used by J&E (1991) for illustrative purposes ranged from 0.001 to 0.01. The selected default values
fall within the ranges observed. 

Building Area and Subsurface Foundation Area (Default Value = 10 m by 10 m)

The default building area is based on the following information: 

• Default values used in the Superfund User’s Guide (9.61 m by 9.61 m or 92.4 m2)
• Default values used by the State of Michigan, as documented in Part 201, Generic

Groundwater and Soil Volatilization to Indoor Air Inhalation Criteria: Technical Support
Document (10.5 m by 10.5 m of 111.5 m2). 

The Michigan guidance document indicates that the 111.5 m2 area approximately
corresponds to the 10th percentile floor space area for a residential single-family dwelling, based on
statistics compiled by the U.S. Department of Commerce (DOC) and U.S. Housing and Urban
Development (HUD). The typical, upper, and lower ranges presented in Table 9 are subjectively
chosen values.  The subsurface foundation area is a function of the building area, and depth to the
base of the foundation, which is fixed. 
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Building Mixing Height (Default Value = 2.44 m for slab-on-grade scenario; = 3.66 m for
basement scenario)

The J&E Model assumes that subsurface volatiles migrating into the building are completely
mixed within the building volume, which is determined by the building area and mixing height.  The
building mixing height will depend on a number of factors including building height; heating,
ventilation, and air conditioning (HVAC) system operation, environmental factors such as indoor-
outdoor pressure differentials and wind loading, and seasonal factors.  For a single-story house, the
variation in mixing height can be approximated by using the room height.  For a multi-story house
or apartment building, the mixing height will be greatest for houses with HVAC systems that result
in significant air circulation (e.g., forced-air heating systems). Mixing heights would likely be less
for houses with electrical baseboard heaters.  It is likely that mixing height is, to some degree,
correlated to the building air exchange rate. 

Little data are available that provides for direct inference of mixing height.  There are few
sites, with a small number of houses where indoor air concentrations were above background, and
where both measurements at ground level and the second floor were made Colorado Department of
Transportation (CDOT), Redfields, Eau Claire). Persons familiar with the data sets for these sites
indicate that in most cases a fairly significant reduction in concentrations (factor of two or greater)
was observed, although at one site (Eau Claire, “S” residence), the indoor trichloroethylene (TCE)
concentrations were similar in both the basement and second floor of the house.  For the CDOT site
apartments, there was an approximate five-fold reduction between the concentrations measured for
the first floor and second floor units (Mr. Jeff Kurtz, EMSI, personal communication, June 2002).
 Less mixing would be expected for an apartment because there are less cross-floor connections than
for a house.  The value chosen for a basement house scenario (3.66 m) would be representative of
a two-fold reduction or attenuation in vapor concentrations between floors. 

Qsoil (Default Value = 5 L/min)

The method often used with the J&E Model for estimating the soil gas advection rate (Qsoil)
through the building envelope is an analytical solution for two-dimensional soil gas flow to a small
horizontal drain (Nazaroff 1992) (“Perimeter Crack Model”). Use of this model can be problematic
in that Qsoil values are sensitive to soil-air permeability and consequently a wide range in flows can
be predicted. 

An alternate empirical approach is to select a Qsoil value on the basis of tracer tests (i.e., mass
balance approach).  When soil gas advection is the primary mechanism for tracer intrusion into a
building, the Qsoil can be estimated by measuring the concentrations of a chemical tracer in indoor
air, in outdoor air, and in soil vapor below a building, and by measuring the building ventilation rate
(Hers et al. 2000a; Fischer et al. 1996; Garbesi et al. 1993; Rezvan et al. 1991; Garbesi and Sextro,
1989).  For sites with coarse-grained soils (Table 10).  The Qsoil values measured using this technique
are compared to predicted rates using the Perimeter Crack model.  The Perimeter Crack model
predictions are both higher and lower than the measured values, but overall are within one order of
magnitude of the measured values. Although the Qsoil values predicted by the models and measured
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using field tracer tests are uncertain, the results suggest that a “typical” range for houses on coarse-
grained soils is on the order of 1 to 10 L/min.  A disadvantage with the tracer test approach is that
only limited data are available and there do not appear to be any tracer studies for field sites with
fine-grained soils. 

It is also important to recognize that the advective zone of influence for soil gas flow is
limited to soil immediately adjacent to the building foundation.  Some data on pressure coupling
provide insight on the extent of the advective flow zone.  For example, Garbesi et al. (1993) report
a pressure coupling between the soil and experimental basement (i.e., relative to that between the
basement and atmosphere) equal to 96 percent directly below the slab, between 29 percent and 44
percent at 1 m below the basement floor slab, and between 0.7 percent and 27 percent at a horizontal
distance of 2 m from the basement wall.  At the Chatterton site (research site investigated by the
author), the pressure coupling immediately below the building floor slab ranged from 90 to 95
percent and at a depth of 0.5 m was on the order of 50 percent.  These results indicate that the
advective zone of influence will likely be limited to a zone within 1 to 2 m of the building
foundation. 

Because the advective flow zone is relatively limited in extent, the soil type adjacent to the
building foundation is of importance.  In many cases, coarse-grained imported fill is placed below
foundations, and either coarse-grained fill, or disturbed, loose fill is placed adjacent to the foundation
walls.  Therefore, a conservative approach for the purposes of this guidance is to assume that soil
gas flow will be controlled by coarse-grained soil, and not rely on the possible reduction in flow that
would be caused by fine-grained soils near to the house foundation.  For these reasons, a soil gas
flow rate of 5 L/min (midpoint between 1 and 10 L/min) was chosen as the input value. 

3.3 RUNNING THE MODELS

Eight different models are provided in MICROSOFT EXCEL formats. 

1. Models for Soil Contamination:
SL-SCREEN-Feb 04.XLS
SL-ADV-Feb 04.XLS

2. Models for Groundwater Contamination:
GW-SCREEN-Feb 04.XLS
GW-ADV-Feb 04.XLS

3. Model for Soil Gas Contamination
SG-SCREEN-Feb 04.xls
SG-ADV-Feb 04.xls

4. Models for Non Aqueous Phase Liquids
NAPL-SCREEN-Feb 04.xls
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NAPL-ADV-Feb 04.xls

Both the screening-level models and the advanced models allow the user to calculate a risk-
based media concentration or incremental risks from an actual starting concentration in soil or in
groundwater.  Data entry within the screening-level models is limited to the most sensitive model
parameters and incorporates only one soil stratum above the contamination.  The advanced models
provide the user with the ability to enter data for all of the model parameters and also incorporate
up to three individual soil strata above the contamination for which soil properties may be varied.

To run any of the models, simply open the appropriate model file within MICROSOFT
EXCEL.  Each model is constructed of the following worksheets: 

1. DATENTER (Data Entry Sheet)
2. CHEMPROPS (Chemical Properties Sheet)
3. INTERCALCS (Intermediate Calculations Sheet)
4. RESULTS (Results Sheet)
5. VLOOKUP (Lookup Tables). 

The following is an explanation of what is contained in each worksheet, how to enter data,
how to interpret model results, and how to add/revise the chemical properties data found in the
VLOOKUP Tables.  As examples, Appendix C contains all the worksheets for the advanced soil
contamination model SL-ADV. 

3.4 THE DATA ENTRY SHEET (DATENTER)

Figure 4 is an example of a data entry sheet.  In this case, it shows the data entry sheet for the
screening-level model for contaminated groundwater (GW-SCREEN).  Figure 5 is an example of
an advanced model data entry sheet (GW-ADV).  Note that the screening-level model sheet requires
entry of considerably less data than does the advanced sheet.  To enter data, simply position the
cursor within the appropriate box and type the value; all other cells are protected. 

Error Messages

In the case of the screening-level models, all error messages will appear in red type below
the applicable row of data entry boxes.  For the advanced models, error messages may appear on the
data entry sheet or in the lower portion of the results sheet.  Error messages will occur if required
entry data are missing or if data are out of range or do not conform to model conventions.  The error
message will tell the user what kind of error has occurred.
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Figure 4.  GW-SCREEN Data Entry Sheet
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Figure 5.  GW-ADV Data Entry Sheet
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Figure 6 is an example of an error message appearing on the data entry sheet.  Figure 7
illustrates error messages appearing within the message and error summary section on the results
sheet (advanced models only). 

Entering Data

Each data entry sheet requires the user to input values for model variables.  Data required for
the soil contamination scenario will differ from that required for the groundwater contamination
scenario.  In addition, data required for the screening-level models will differ from that required for
the advanced models. 

Model Variables--

The following is a list of all data entry variables required for evaluating either a risk-based
media concentration or the incremental risks due to actual contamination.  A description for which
model(s) the variable is appropriate is given in parenthesis after the name of the variable.  In
addition, notes on how the variable is used in the calculations and how to determine appropriate
values of the variable are given below the variable name.  A quick determination of which variables
are required for a specific model can be made by reviewing the data entry sheet for the model chosen.
Example data entry sheets for each model can be found in Appendix D. 

1. Calculate Risk-Based Concentration or Calculate Incremental Risks from Actual
Concentration (All Soil and Groundwater Models)

The model will calculate either a risk-based soil or groundwater concentration or
incremental risks but cannot calculate both simultaneously.  Enter an "X" in only one
box. 

2. Chemical CAS No. (All Models)

Enter the appropriate CAS number for the chemical you wish to evaluate; do not
enter dashes.  The CAS number entered must exactly match that of the chemical, or
the error message "CAS No. not found" will appear in the "Chemical" box.  Once the
correct CAS number is entered, the name of the chemical will automatically appear
in the "Chemical" box.  A total of 108 chemicals and their associated properties are
included with each model; see Section 3.7 for instructions on adding/revising
chemicals. 
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Figure 6.  Example Error Message on Data Entry Sheet

Figure 7.  Example Error Message on Results Sheet
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3. Initial Soil or Groundwater Concentration (All Soil and Groundwater Models) (Lw)

Enter a value only if incremental risks are to be calculated.  Be sure to enter the
concentration in units of :g/kg (wet weight basis soil) or :g/L (groundwater). 
Typically, this value represents the average concentration within the zone of
contamination.  If descriptive statistics are not available to quantify the uncertainty
in the average value, the maximum value may be used as an upper bound estimate.

4. Average Soil/Groundwater Temperature (All Models) (Ts)

The soil/groundwater temperature is used to correct the Henry's law constant to the
specified temperature.  Figure 8 from U.S. EPA (1995) shows the average
temperature of shallow groundwater in the continental United States. Shallow
groundwater temperatures may be used to approximate subsurface soil temperatures
greater than 1 to 2 meters below the ground surface. Another source of information
may be your State groundwater protection regulatory agency.

5. Depth Below Grade to Bottom of Enclosed Space Floor (All Models) (LF)

Enter the depth to the bottom of the floor in contact with the soil.  The default value
for slab-on-grade and basement construction is 15 cm and 200 cm, respectively. 

6. Depth Below Grade to Top of Contamination (Soil Models Only) (LT)

Enter the depth to the top of soil contamination.  If the contamination begins at the
soil surface, enter the depth below grade to the bottom of the enclosed space floor.
The depth to the top of contamination must be greater than or equal to the depth to
the bottom of the floor. 
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Figure 8.  Average Shallow Groundwater Temperature in the United States
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7. Depth Below Grade to Water Table (Groundwater Models Only) (Lwt)

Enter the depth to the top of the water table (i.e., where the pressure head is equal to
zero and the pressure is atmospheric). 

Note: The thickness of the capillary zone is calculated based on the SCS soil
textural classification above the top of the water table.  The depth below
grade to the top of the water table minus the thickness of the capillary zone
must be greater than the depth below grade to the bottom of the enclosed
space floor.  This means that the top of the capillary zone is always below the
floor. 

8. Depth Below Grade to Bottom of Contamination (Advanced Soil Model Only) (LB)

This value is used to calculate the thickness of soil contamination.  A value greater
than zero and greater than the depth to the top of contamination will automatically
invoke the finite source model.  If the thickness of contamination is unknown, two
options are available: 

1. Entering a value of zero will automatically invoke the infinite source model.

2. Enter the depth to the top of the water table.  This will invoke the finite
source model under the assumption that contamination extends from the top
of contamination previously entered down to the top of the water table. 

9. Thickness of Soil Stratum "X" (Advanced Models Only) (hx, x = A, B, or C)

In the advanced models, the user can define up to three soil strata between the soil
surface and the top of contamination or to the soil gas sampling depth, as appropriate.
These strata are listed as A, B, and C.  Stratum A extends down from the soil surface,
Stratum B is below Stratum A, and Stratum C is the deepest stratum.  The thickness
of Stratum A must be at least as thick as the depth below grade to the bottom of the
enclosed space floor.  The combined thickness of all strata must be equal to the depth
to the top of contamination, or to the soil gas sampling depth, as appropriate.  If soil
strata B and/or C are not to be considered, a value of zero must be entered for each
stratum not included in the analysis. 

10. Soil Stratum A SCS Soil Type (Advanced Models Only) (SES – soil)

Enter one of the following SCS soil type abbreviations: 
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Abbreviation SCS Soil Type

C Clay

CL Clay loam

L Loam

LS Loamy sand

S Sand

SC Sandy clay

SCL Sandy clay loam

SI Silt

SIC Silty clay

SICL Silty clay loam

SIL Silty loam

SL Sandy loam

The SCS soil textural classification can be determined by using either the ATSM
Standard Test Method for Particle-Size Analysis of Soils (D422-63) or by using the
analytical procedures found in the U.S. Natural Resources Conservation Service
(NRCS) Soil Survey Laboratory Methods Manual, Soil Survey Laboratory
Investigations Report No. 42.  After determining the particle size distribution of a
soil sample, the SCS soil textural classification can be determined using the SCS
classification chart in Figure 7. 

The SCS soil type along with the Stratum A soil water-filled porosity is used to
estimate the soil vapor permeability of Stratum A which is in contact with the floor
and walls of the enclosed space below grade.  Alternatively, the user may define a
soil vapor permeability (see Variable No. 11). 
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11. User-Defined Stratum A Soil Vapor Permeability (Advanced Models Only)(Kv)

As an alternative to estimating the soil vapor permeability of soil Stratum A, the user
may define the soil vapor permeability.  As a general guide, the following represent
the practical range of vapor permeabilities: 

Soil type Soil vapor permeability, cm2

Medium sand 1.0 x 10-7 to 1.0 x 10-6

Fine sand 1.0 x 10-8 to 1.0 x 10-7

Silty sand 1.0 x 10-9 to 1.0 x 10-8

Clayey silts 1.0 x 10-10 to 1.0 x 10-9

12. Vadose Zone SCS Soil Type (Screening Models Only) (SCS – soil )

Because the screening-level models accommodate only one soil stratum above the
top of contamination or soil gas sampling depth, enter the SCS soil type from the list
given in Variable No. 10. 

13. User-Defined Vadose Zone Soil Vapor Permeability (Screening Models Only) (Kv)

For the same reason cited in No. 12 above, the user may alternatively define a soil
vapor permeability.  Use the list of values given in Variable No. 11 as a general
guide.  

14. Soil Stratum Directly Above the Water Table (Advanced Groundwater Models Only)
(A, B, or C)

Enter either A, B, or C as the soil stratum directly above the water table.  This value
must be the letter of the deepest stratum for which a thickness value has been
specified under Variable No. 9. 

15. SCS Soil Type Directly Above Water Table (Groundwater Models Only) (SCS – soil)

Enter the correct SCS soil type from the list given in Variable No. 10 for the soil type
directly above the water table.  The soil type entered is used to estimate the rise
(thickness) of the capillary zone. 
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16. Stratum "X" Soil Dry Bulk Density (Advanced Models Only) (Px, x = A, B, or C)

Identify the soil type for each strata and accept the default value or enter a site-
specific value for the average soil dry bulk density.  Dry bulk density is used in a
number of intermediate calculations and is normally determined by field
measurements (ASTM D 2937 Method). 

17. Stratum "X" Soil Total Porosity (Advanced Models Only) (nx, x = A, B, or C)

Total soil porosity (n) is determined as: 

n = 1 Db/Ds

where Db is the soil dry bulk density (g/cm3) and Ds is the soil particle density
(usually 2.65 g/cm3). 

18. Stratum "X" Soil Water-Filled Porosity (Advanced Models Only) (2w
x, X = a, b, or

c)

Enter the average long-term volumetric soil moisture content; this is typically a
depth-averaged value for the appropriate soil stratum.  A long-term average value is
typically not readily available.  Do not use values based on episodic measurements
unless they are representative of long-term conditions.  Table 10 provides a soil-
specific range of typical value for specified soils.  The user must define soil type or
input site-specific values. 

One option is to use a model to estimate the long-term average soil water-filled
porosities of each soil stratum between the enclosed space floor and the top of
contamination.  The HYDRUS model version 5.0 (Vogel et al., 1996) is a public
domain code for simulating one-dimensional water flow, solute transport, and heat
movement in variably-saturated soils.  The water flow simulation module of
HYDRUS will generate soil water content as a function of depth and time given
actual daily precipitation data.  Model input requirements include either the soil
hydraulic properties of van Genuchten (1980) or those of Brooks and Corey (1966).
The van Genuchten soil hydraulic properties required are the same as those given in
Tables 3 and 4 (i.e., θs, θr, N, "1, and Ks).  The HYDRUS model is available from
the U.S. Department of Agriculture (USDA) - Agricultural Research Service in
Riverside, California via their internet website at
http://www.ussl.ars.usda.gov/MODELS/HYDRUS.HTM. One and two-dimensional
commercial versions of HYDRUS (Windows versions) are available at the
International Ground Water Modeling Center website at
http://www.mines.edu/research/igwmc/software/.  Schaap and Leij (1998) have
recently developed a Windows program entitled ROSETTA for estimating the van
Genuchten soil hydraulic properties based on a limited or more extended set of input
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data.  The ROSETTA program can be found at the USDA website: 
http://www.ussl.ars.usda.gov/MODELS/rosetta/rosetta.htm.  The van Genuchten
hydraulic properties can then be input into HYDRUS to estimate soil moisture
content. 

19. Stratum "X" Soil Organic Carbon Fraction (Advanced Soil Models Only) (foc
x, X =

A, B, or c)

Enter the depth-averaged soil organic carbon fraction for the stratum specified.  Soil
organic carbon is measured by burning off soil carbon in a controlled-temperature
oven.  This parameter, along with the chemical's organic carbon partition coefficient
(Koc), is used to determine the soil-water partition coefficient (Kd). 

20. Vadose Zone Soil Dry Bulk Density (Screening Models Only) (DA)

Because the screening-level models accommodate only one soil stratum above the
top of contamination, identify the soil type and accept the default values or enter the
depth-averaged soil dry bulk density.  The universal default value is 1.5 g/cm3, which
is consistent with U.S. EPA (1996a and b) for subsurface soils. 

21. Vadose Zone Soil Total Porosity (Screening Models Only) (mA)

Because the screening-level models accommodate only one soil stratum above the
top of contamination, enter the depth-averaged soil total porosity. The default value
is 0.43, which is consistent with U.S. EPA (1996a and b) for subsurface soils. 

22. Vadose Zone Soil Water-Filled Porosity (Screening Models Only) (2w
A)

Because the screening-level models accommodate only one soil stratum above the
top of contamination, enter the depth-averaged soil water-filled porosity.  The default
value is 0.30, which is consistent with U.S. EPA (1996a and b) for subsurface soils.

23. Vadose Zone Soil Organic Carbon Fraction (Soil Screening Model Only) (foc
A)

Because the screening-level models accommodate only one soil stratum above the
top of contamination, enter the depth-averaged soil organic carbon fraction.  The
default value is 0.002, which is consistent with U.S. EPA (1996a and b) for
subsurface soils. 

24. Enclosed Space Floor Thickness (Advanced Models Only) (Lcrack)

Enter the thickness of the floor slab.  All models operate under the assumption that
the floor in contact with the underlying soil is composed of impermeable concrete
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whether constructed as a basement floor or slab-on-grade.  The default value is 10
cm, which is consistent with J&E (1991). 

25. Soil-Building Pressure Differential (Advanced Models Only) ()P)

Because of wind effects on the structure, stack effects due to heating of the interior
air, and unbalanced mechanical ventilation, a negative pressure with respect to the
soil surface is generated within the structure.  This pressure differential ()P) induces
a flow of soil gas through the soil matrix and into the structure through cracks, gaps,
and openings in the foundation.  The effective range of values of )P is 0-20 pascals
(Pa) (Loureiro et al., 1990; Eaton and Scott, 1984).  Individual average values for
wind effects and stack effects are approximately 2 Pa (Nazaroff et al., 1985; Put and
Meijer, 1989).  Typical values for the combined effects of wind pressures and heating
are 4 to 5 Pa (Loureiro et al., 1990; Grimsrud et al., 1983).  A conservative default
value of )P was therefore chosen to be 4 Pa (40 g/cm-s2). 

For more information on estimating site-specific values of )P, the user is referred to
Nazaroff et al. (1987) and Grimsrud et al. (1983). 

26. Enclosed Space Floor Length (Advanced Models Only) (LB)

The default value is 1000 cm (see Variable No. 28).  

27. Enclosed Space Floor Width (Advanced Models Only) (WB)

The default value is 1000 cm (see Variable No. 28). 

28. Enclosed Space Height (Advanced Models Only) (HB)

For a single story home, the variation in mixing height will be the greatest for houses
with HVAC systems that result in significant air circulation (e.g., forced air heat
pump).  Mixing heights would be less for houses with electrical baseboard heaters.
 The mixing height is approximated by the room height.  The default value is 2.44
meters for a single story house without a basement. 

For a single story house with a basement less mixing would be expected because of
the cross floor connections.  The default values for a house with a basement is 3.66
m.  This value represents a two-fold reduction in vapor concentrations between the
floors. 

29. Floor-Wall Seam Crack Width (Advanced Models Only) (W)

The conceptual model used in the spreadsheets follows that of Loureiro et al. (1990)
and Nazaroff (1988) and is illustrated in Figure 9.  The model is based on a single-
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Figure 9.  Floor Slab and Foundation

family house with a poured concrete basement floor and wall foundations, or
constructed slab-on-grade in similar fashion.  A gap is assumed to exist at the
junction between the floor and the foundation along the perimeter of the floor.  The
gap exists as a result of building design or concrete shrinkage.  This gap is assumed
to be the only opening in the understructure of the house and therefore the only route
for soil gas entry. 

Eaton and Scott (1984) reported typical open areas of approximately 300 cm2 for the
joints between walls and floor slabs of residential structures in Canada.  Therefore,
given the default floor length and width of 1000 cm, a gap width (w) of 0.1 cm
equates to a total gap area of 900 cm2, which is reasonable given the findings of
Eaton and Scott.  This value of the gap width is also consistent with the typical value
reported in Loureiro et al. (1990).  The default value of the floor-wall seam crack
width was therefore set equal to 0.1 cm. 
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30. Indoor Air Exchange Rate (Advanced Models Only) (ER)

The indoor air exchange rate is used along with the building dimensions to calculate
the building ventilation rate.  The default value of the indoor air exchange rate is
0.25/h.  This value is consistent with the 10th percentile of houses in all regions of
the U.S., as reported in Koontz and Rector (1995).  This value is also consistent with
the range of the control group of 331 houses in a study conducted by Parker et al. 
(1990) to compare data with that of 292 houses with energy-efficient features in the
Pacific Northwest. 

31. Averaging Time for Carcinogens (All Models) (ATc)

Enter the averaging time in units of years.  The default value is 70 years. 

32. Averaging Time for Noncarcinogens (All Models) (ATnc)

Enter the averaging time in units of years.  The averaging time for noncarcinogens
is set equal to the exposure duration.  The default value for residential exposure from
U.S. EPA (1996a and b) is 30 years. 

33. Exposure Duration (All Models) (ED)

Enter the exposure duration in units of years.  The default value for residential
exposure from U.S. EPA (1996a and b) is 30 years. 

34. Exposure Frequency (All Models) (EF)

Enter the exposure frequency in units of days/yr.  The default value for residential
exposure from U.S. EPA (1996a and b) is 350 days/yr. 

35. Target Risk for Carcinogens (All Soil and Groundwater Models) (TR)

If a risk-based media concentration is to be calculated, enter the target risk-level.  The
default value is 1 x 10-6. 

36. Target Hazard quotient for Noncarcinogens (All Soil and Groundwater Models)
(THQ)

If a risk-based media concentration is to be calculated, enter the target hazard
quotient.  The default value is 1. 
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The remaining four worksheets include the results sheet (RESULTS) and three ancillary
sheets.  The ancillary sheets include the chemical properties sheet (CHEMPROPS), the intermediate
calculations sheet (INTERCALCS), and the lookup tables (VLOOKUP). 

3.5 THE RESULTS SHEET (RESULTS)

Once all data are entered in the data entry sheet, the model results may be viewed on the
RESULTS sheet.  For the soil and groundwater models, calculations are presented as either a risk-
based soil or groundwater concentration, or the incremental risks associated with an initial soil or
groundwater concentration.  In the case of the advanced models, the user should check the message
and error summary below the results section to ensure that no error messages appear.  If one or more
error messages appear, re-enter the appropriate data. 

The RESULTS worksheet shows the indoor exposure soil or groundwater concentration for
either a carcinogen or noncarcinogen as appropriate.  When a contaminant is both a carcinogen and
a noncarcinogen, the risk-based indoor exposure concentration is set equal to the lower of these two
values.  In addition, the soil saturation concentration (Csat) or the aqueous solubility limit (S) is also
displayed for the soil and groundwater models, respectively. 

The equilibrium vapor concentration at the source of contamination is limited by the value
of Csat for soil contamination and by the value of S for groundwater contamination, as appropriate.
 For a single contaminant, the vapor concentration directly above the source of soil contamination
cannot be greater than that associated with the soil saturation concentration; for groundwater
contamination, the vapor concentration cannot be greater than that associated with the solubility
limit.  As a result, subsurface soil concentrations greater than Csat and groundwater concentrations
greater than S will not produce higher vapor concentrations.  Therefore, if the indoor vapor
concentration predicted from a soil concentration greater than or equal to the value of Csat and it does
not exceed the health-based limit in indoor air (target risk or target hazard quotient), the vapor
intrusion pathway will not be of concern for that particular chemical.  The same is true for an indoor
vapor concentration predicted from a groundwater concentration greater than or equal to the value
of S.  That does not necessarily mean, however, that the subsurface contamination will not be of
concern from a groundwater protection standpoint, (ingestion) and the potential for free-phase
contamination (e.g., NAPL) must also be addressed.

For subsurface soils, the physical state of a contaminant at the soil temperature plays a
significant role.  When a contaminant is a liquid (or gas) at the soil temperature, the upper limit of
the soil screening level is set at Csat.  This tends to reduce the potential for NAPL to exist within the
vadose zone.  The case is different for a subsurface contaminant that is a solid at the soil
temperature.  In this case, the screening level is not limited by Csat because of the reduced possibility
of leaching to the water table.  If the model estimates a risk-based screening level greater than Csat

for a solid in soils, the model will display the final soil concentration as "NOC" or Not of Concern
for the vapor intrusion pathway. 
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In the case of groundwater contamination, the physical state of the contaminant is not an
issue in that the contamination has already reached the water table.  Because the equilibrium vapor
concentration at the source of emissions cannot be higher than that associated with the solubility
limit, the vapor concentration is calculated at the solubility limit if the user enters a groundwater
concentration greater than the value of S when forward-calculating risk.  When reverse-calculating
a risk-based groundwater concentration, the model will display the final groundwater concentration
as "NOC" for the vapor intrusion pathway if the model calculates a risk-based level greater than or
equal to the value of S.  It should be noted, however, that if the soil properties or other conditions
specified in the DATENTER worksheet are changed, the final risk-based soil or groundwater
concentration must be remodeled.

It should also be understood that if a contaminant is labeled "Not of Concern" for the vapor
intrusion pathway, all other relevant exposure pathways must be considered for both contaminated
soils and groundwater. 

3.6 THE CHEMICAL PROPERTIES SHEET (CHEMPROPS)

The chemical properties sheet provides a summary of the chemical and toxicological
properties of the chemical selected for analysis.  These data are retrieved from the VLOOKUP sheet
by CAS number.  All data in the chemical properties sheet are protected.  

3.7 THE INTERMEDIATE CALCULATIONS SHEET (INTERCALS)

The intermediate calculations sheet provides solutions to intermediate variables.  Review of
the values of the intermediate variables may be helpful in an analysis of the cause-and-effect
relationships between input values and model results.  All data in the intermediate calculations sheet
are protected. 

3.8 THE LOOKUP TABLES (VLOOKUP)

The VLOOKUP sheet contains two lookup tables from which individual data are retrieved
for a number of model calculations.  The first table is the Soil Properties Lookup Table.  This table
contains the average soil water retention curve data of Hers (2002) and Schaap and Leij (1998) and
the mean grain diameter data of Nielson and Rogers (1990) by SCS soil type, and the mean dry bulk
density from Leij, Stevens, et al (1994).  

3.9 ADDING, DELETING, OR REVISING CHEMICALS

Data for any chemical may be edited, new chemicals added, or existing chemicals deleted
from the Chemical Properties Lookup Table within the VLOOKUP worksheet.  To begin an editing



59

session, the user must unprotect (unseal) the worksheet (the password is "ABC" in capital letters);
editing of individual elements or addition and deletion of chemicals may then proceed.  Space has
been allocated for up to 260 chemicals in the lookup table.  Row number 284 is the last row that may
be used to add new chemicals.  After the editing session is complete, the user must sort all the data
in the lookup table (except the column headers) in ascending order by CAS number.  After sorting
is complete, the worksheet should again be protected (sealed). 
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SECTION 4

SOIL GAS MODEL APPLICATION

Two additional models have been added to allow the user to input measured soil gas
concentration and sampling depth data directly into the spreadsheet.  These models eliminate the
need for theoretical partitioning of a total volume soil concentration or a groundwater concentration
into discrete phases.  This section provides instructions for using the soil gas models. 

4.1 RUNNING THE MODELS

Two models are provided as MICROSOFT EXCEL spreadsheets.  The screening-level model
is titled SG-SCREEN.xls (EXCEL).  The advanced model is titled SG-ADV.xls.

Both the screening-level and advanced models allow the user to calculate steady-state indoor
air concentrations and incremental risks from user-defined soil gas concentration data.  The models
do not allow for reverse-calculation of a risk-based soil or groundwater concentration.  As with the
soil and groundwater screening-level models, the SG-SCREEN model operates under the assumption
that the soil column properties are homogeneous and isotropic from the soil surface to an infinite
depth.  In addition, the SG-SCREEN model uses the same default values for the building properties
as the SL-SCREEN and GW-SCREEN models.  The advanced model allows the user to specify up
to three different soil strata from the bottom of the building floor in contact with the soil to the soil
gas sampling depth.  Finally, the advanced model allows the user to specify values for all of the
model variables. 

To run the models, simply open the appropriate file within either MICROSOFT EXCEL
worksheet.  Each model is constructed of the following worksheets:

1. DATENTER (Data Entry Sheet)
2. CHEMPROPS (Chemical Properties Sheet)
3. INTERCALCS (Intermediate Calculations Sheet)
4. RESULTS (Results Sheet)
5. VLOOKUP (Lookup Tables)

Each worksheet follows the form of the worksheets in the soil and groundwater models.  See Section
4.2 for a description of each worksheet. 
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The DATENTER worksheet of each of the soil gas models is different than those of the soil
and groundwater models.  Figure 10 shows the DATA ENTER worksheet of the SG-ADV model.
Note that there is no option for running the model to calculate a risk-based media concentration.  As
with the other models, the user enters the CAS number of the chemical of interest.  This
automatically retrieves the chemical and toxicological data for that chemical.  The CAS number must
match one of the chemicals listed in the VLOOKUP worksheet, or the message "CAS No. not found"
will appear in the "Chemical" box.  The user also has the opportunity to add new chemicals to the
data base.  Next, the user must enter a value for the soil gas concentration of the chemical of interest.
The user may enter this value in units of :g/m3 or parts-per-million by volume (ppmv).  If the soil
gas concentration is entered in units of ppmv, the concentration is converted to units of :g/m3 by:
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where Cg' =  Soil gas concentration, :g/m3

Cg =  Soil gas concentration, ppmv

MW =  Molecular weight, g/mol

R =  Gas constant (= 8.205 E-05 atm-m3/mol-oK)

TS =  System (soil) temperature, oK. 

In the soil gas models, the steady-state indoor air concentration is calculated by Equation 19
(i.e., Cbuilding = " Csource).  The value of the vapor concentration at the source of emissions (Csource)
is assigned the value of the user-defined soil gas concentration.  The value of the steady-state
attenuation coefficient (") in Equation 19 is calculated by Equation 13.  Because no evaluation has
been made of the extent of the source of emissions, steady-state conditions (i.e., a non-diminishing
source) must be assumed. 

The SG-SCREEN model operates under the assumption of homogeneously distributed soil
properties and isotropic conditions with respect to soil vapor permeability from the soil surface to
an infinite depth.  The SG-ADV model, on the other hand, allows the user to specify up to three
different soil strata between the building floor in contact with the soil and the soil gas sampling
depth.  Soil properties within these three strata may be varied to allow for different diffusion
resistances to vapor transport. 

4.2 SOIL GAS SAMPLING

In order to use the soil gas models, soil gas concentrations must be measured at one or more
depths below ground surface (bgs).  The user is advised to take samples directly under building slabs
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Figure 10.  SG-ADV Data Entry Worksheet
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or basement floors when possible.  This can be accomplished by drilling through the floor and
sampling through the drilled hole.  Alternatively, an angle-boring rig can be used to sample beneath
the floor from outside the footprint of the building.  When sampling directly beneath the floor is not
possible, enough samples adjacent to the structure should be taken to adequately estimate an average
concentration based on reasonable spatial and temporal scales.

Soil gas measurements can be made using several techniques; however, active whole-air
sampling methods and active or passive sorbent sampling methods are usually employed.  Typically,
a whole-air sampling method is used whereby a non-reactive sampling probe is inserted into the soil
to a prescribed depth.  This can be accomplished manually using a "slam bar," or a percussion power
drill, or the probe can be inserted into the ground using a device such as a Geoprobe.®  The
Geoprobe® device is attached to the rear of a specially customized vehicle.  In the field, the rear of
the vehicle is placed over the sample location and hydraulically raised on its base.  The weight of the
vehicle is then used to push the sampling probe into the soil.  A built-in hammer mechanism allows
the probe to be driven to predetermined depths up to 50 feet depending on the type of soil
encountered.  Soil gas samples can be withdrawn directly from the probe rods, or flexible tubing can
be connected to the probe tips at depth for sample withdrawal. 

Whole-air sampling is typically accomplished using an evacuated Summa or equivalent
canister, or by evacuation to a Tedlar bag.  Normal operation includes the use of an in-line flow
controller and a sintered stainless steel filter to minimize particles becoming entrained in the sample
atmosphere.  For a 6-liter Summa canister, a normal sampling flow rate for a 24-hr integrated sample
might be on the order of 1.5 ml/min; however, higher sampling rates can be used for grab samples.
 The sampling rate chosen, however, must not be so high as to allow for ambient air inleakage
between the annulus of the probe and the surrounding soils.  Depending on the target compounds,
excessive air inleakage can dilute the sample (in some cases below the analytical detection limits).

One way to check for inleakage is to test an aliquot of the sample gas for either nitrogen or
oxygen content before the sample is routed to the canister or Tedlar bag.  To test for nitrogen in real-
or near real-time requires a portable gas chromatograph/mass spectrometer (GC/MS).  A portable
oxygen meter, however, can be used to test for sample oxygen content in real-time with a typical
accuracy of one-half of one percent.  If air inleakage is detected by the presence of excessive nitrogen
or oxygen, the seal around the sample probe at the soil surface as well as all sampling equipment
connections and fittings should be checked.  Finally, the flow rate may need to be reduced to
decrease or eliminate the air inleakage.

The collection and concentration of soil gas contaminants can be greatly affected by the
components of the sampling system.  It is imperative to use materials that are inert to the
contaminants of concern.  Areas of sample collection that need particular attention are:

• The seal at the soil surface around the sample probe
• Use of a probe constructed of stainless steel or other inert material
• Minimization of the use of porous or synthetic materials (i.e., PTFE, rubber, or most

plastics) that may adsorb soil gas and cause cross-contamination
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• Purging of the sample probe and collection system before sampling
• Leak-check of sampling equipment to reduce air infiltration
• Keeping the length of all sample transfer lines as short as possible to minimize

condensation of extracted gas in the lines.

The choice of analytical methods for whole-air soil gas sampling depends on the
contaminants of concern.  Concentrations of volatile organic compounds (VOCs) in the soil gas are
typically determined using EPA Method TO-14 or TO-15.  In the case of semi-volatile compounds,
an active sorbent sampling methodology can be used.  In this case, a low-volume sampling pump is
normally used to withdraw the soil gas, which is then routed to a polyurethane foam (PUF) plug.
 Vapor concentrations of semi-volatile contaminants sorbed to the PUF are then determined using
EPA Method TO-10.  The active soil gas sampling equipment can be assembled to allow for both
canister sampling for volatiles and PUF sampling for semi-volatiles.

Passive sorbent sampling involves burial of solid sorbent sampling devices called cartridges
or cassettes to a depth of normally 5 feet or less.  The cassettes may be configured with one or more
sorbents depending on the list of target analytes, and are typically left in-ground for 72 to 120 hours
or longer.  During this time period, the vapor-phase soil gas contaminants pass through the cassette
and are adsorbed as the soil gas moves toward the soil surface by diffusion and/or convection. 
Analytical methods for sorbent sampling depend on the target analytes and the sorbent used and may
include EPA Method TO-10 or a modified EPA Method TO-1.  Vapor-phase concentrations for
some solid sorbent sampling systems are determined using the total mass of each contaminant
recovered, the time in-ground, the cross-sectional area of the cassette, the diffusivity of the
compound in air, and a quasi-empirical adsorption rate constant. 

Recent EPA technology verification reports produced by the EPA National Exposure
Research Laboratory (EPA 1998, 1998a) concluded, at least for two such systems, that the sorbent
methodologies accurately accounted for the presence of most of the soil gas contaminants in the
studies.  Further, the reports concluded that the sorbent systems showed detection of contaminants
at low concentrations not reported using an active whole-air sampling system.  For one system,
however, it was noted that as the vapor concentrations reported for the whole-air sampling system
increased by 1 to 4 orders-of-magnitude, the associated concentrations reported for the sorbent
system increased only marginally.  Perhaps the best use of such passive sorbent sampling methods
is to help confirm which contaminants are present in the soil gas and not necessarily contaminant
concentrations.

An excellent discussion of soil gas measurement methods and limitations can be found in the
ASTM Standard Guide for Soil Gas Monitoring in the Vadose Zone D5314-92e1.  ASTM Standard
Guides are available from the ASTM website at:

http://www.astm.org.

In addition, soil gas measurement method summaries can be found in the EPA Standard Operating
Procedures for Soil Gas Sampling (SOP No. 2042) developed by the EPA Environmental Response
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Team (ERT) in Edison, New Jersey.  This document can be downloaded from the ERT Compendium
of Standard Operating Procedures at the following website:

http://www.ert.org/media_resrcs/media_resrcs.asp.

Data Quality and Data Quality Objectives

The results of soil gas sampling must meet the applicable requirements for data quality and
satisfy the data quality objectives of the study for which they are intended.  Data quality objectives
are qualitative and quantitative statements derived from the data quality objectives process that
clarify study objectives, define the appropriate type of data, and specify the tolerable levels of
potential decision errors that will be used to support site decisions.  Data quality objectives are
formulated in the first phase of a sampling project. 

In the second phase of the project, a Quality Assurance Project Plan (QAPP) translates these
requirements into measurement performance specifications and quality assurance/quality control
procedures to provide the data necessary to satisfy the user's needs.  The QAPP is the critical
planning document for any environmental data collection operation because it documents how
quality assurance and quality control activities will be implemented during the life of the project.
Development of the data quality objectives and the QAPP for soil gas sampling should follow the
guidance provided by EPA's Quality Assurance Division of the Office of Research and Development.
Guidance documents concerning the development and integration of the data quality objectives and
the QAPP can be obtained from the EPA website at: 

http://epa.gov/ncerqa/qa/qa_docs.html.

In addition to the above guidance, the EPA Regional Office and/or other appropriate regulatory
agency should be consulted concerning specific sampling requirements. 

4.3 ASSUMPTIONS AND LIMITATIONS OF THE SOIL GAS MODEL

As discussed previously, the soil gas models operate under the assumption of steady-state
conditions.  This means that enough time has passed for the vapor plume to have reached the
building of interest directly above the source of contamination and that the vapor concentrations have
reached their maximum values.  Depending on the depth at which the soil gas is sampled, diffusion
of the soil gas toward the building is a function of the soil properties between the building floor in
contact with the soil and the sampling depth. Convection of the soil gas into the structure is a
function of the building properties and the effective soil vapor permeability.  Assumptions and
limitations of the soil gas models are the same as those in Section 2.11 with the exception of the
source vapor concentration that is determined empirically through soil gas sampling. 

The user should also recognize the inherent limitations of soil gas sampling.  First, the
geologic variability of the subsurface may be considerable.  This may be especially problematic for
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shallow soil gas sampling because soil moisture content can vary widely as a function of
precipitation events and surface runoff.  The soil moisture content has an exponential effect on the
rate of vapor diffusion.  Transformation processes such as biodegradation can also occur in shallow
subsurface soils.  In some cases, only a relatively thin stratum of bioactive soil can greatly reduce
the emission flux toward the soil surface. Finally, subsurface phase equilibria is a dynamic process
resulting in varying vapor-phase concentrations over time at the same sampling location and depth.
These factors can result in significant differences in measured soil gas concentrations over relatively
small spatial and temporal scales.

For these reasons, the planning phase of the soil gas-sampling program should carefully
consider the inherent uncertainties in site-specific sampling and analytical data.  In the final analysis,
the extent of soil gas sampling is a trade-off between sampling costs and the degree of certainty
required in the soil gas concentration data. 
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SECTION 5

ASSUMPTIONS AND LIMITATIONS OF THE J&E MODEL

The J&E Model is a one-dimensional analytical solution to diffusive and convective
transport of vapors into indoor spaces. The model is formulated as an attenuation factor that relates
the vapor concentration in the indoor space to the vapor concentration at the source. It was developed
for use as a screening level model and consequently is based on a number of simplifying assumptions
regarding contaminant distribution and occurrence, subsurface characteristics, transport mechanisms,
and building construction.

EPA is suggesting that the J&E Model be used at Resource Conservation and Recovery Act
(RCRA) Corrective Action Sites, Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA)/Superfund Sites, and voluntary cleanup sites.  EPA is not recommending
that the J&E Model be used for sites contaminated with petroleum products if the products were
derived from Underground Storage Tanks. The J&E Model does not account for contaminant
attenuation (biodegradation, hydrolysis, sorption, and oxidation/reduction).  Attenuation is
potentially a significant concern for these type of sites. EPA is recommending that investigators use
OSWER Directive 9610.17: Use of Risk Based Decision-Making in UST Corrective Action
Programs to evaluate these types of sites. 

The J&E Model as implemented by EPA assumes homogeneous soil layers with isotropic
properties that characterize the subsurface. The first tier spreadsheet versions allow only one layer;
the advanced spreadsheet versions allow up to three layers. Sources of contaminants that can be
modeled include dissolved, sorbed, or vapor sources where the concentrations are below the aqueous
solubility limit, the soil saturation concentration, and/or the pure component vapor concentration.
The contaminants are assumed to be homogeneously distributed at the source. All but one of the
spreadsheets assumes an infinite source. The exception is the advanced model for a bulk soil source,
which allows for a finite source. For the groundwater and bulk soil models, the vapor concentration
at the source is calculated assuming equilibrium partitioning. Vapor from the source is assumed to
diffuse directly upward (one-dimensional transport) through uncontaminated soil (including an
uncontaminated capillary fringe if groundwater is the vapor source) to the base of a building
foundation, where convection carries the vapor through cracks and openings in the foundation into
the building. Both diffusive and convective transport processes are assumed to be at steady state.
Neither sorption nor biodegradation is accounted for in the transport of vapor from the source to the
base of the building. 

The assumptions described above and in Table 12 suggest a number of conditions that
preclude the use of the Non-NAPL Models as implemented by EPA. These conditions include:
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TABLE 12.  ASSUMPTIONS AND LIMITATIONS OF THE VAPOR INTRUSION
MODEL

Assumption Implication Field Evaluation
Contaminant

No contaminant free-liquid/precipitate
phase present

J&E Model not representative of
NAPL partitioning from source

NAPL or not at site–easier to
evaluation for floating product or soil
contamination sites.  Most DNAPL
sites with DNAPL below the water
table defy easy characterization.

Contaminant is homogeneously distributed
within the zone of contamination

No contaminant sources or sinks in the

building.

Indoor sources of contaminants
and/or sorption of vapors on
materials may confound
interpretation of results.

Survey building for sources,
assessment of sinks unlikely

Equilibrium partitioning at contaminant
source.

Groundwater flow rates are low
enough so that there are no mass
transfer limitations at the source.

Not likely

Chemical or biological transformations are
not significant (model will predict more
intrusion)

Tendency to over predict vapor
intrusion for degradable
compounds

From literature

Subsurface Characteristics

Soil is homogeneous within any horizontal
plane

Stratigraphy can be described by
horizontal layers (not tilted layers)

Observe pattern of layers and
unconformities  Note: In simplified
J&E Model layering is not
considered

All soil properties in any horizontal plane
are homogeneous

The top of the capillary fringe must be
below the bottom of the building floor in
contact with the soil.

EPA version of JE Model assumes the
capillary fringe is uncontaminated.

Transport Mechanisms

One-dimensional transport Source is directly below building,
stratigraphy does not influence
flow direction, no effect of two- or
three-dimensional flow patterns.

Observe location of source, observe
stratigraphy, pipeline conduits, not
likely to assess two- and three-
dimensional pattern.

Two separate flow zones, one diffusive
one convective.

No diffusion (dispersion) in the
convective flow zone.  Plug flow
in convective zone

Not likely

Vapor-phase diffusion is the dominant
mechanism for transporting contaminant
vapors from contaminant sources located
away from the foundation to the soil
region near the foundation

Neglects atmospheric pressure
variation effects, others?

Not likely

(continued)
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Assumption Implication Field Evaluation
Straight-line gradient in diffusive flow
zone.

Inaccuracy in flux estimate at
match point between diffusive and
convective sections of the model.

Not likely

Diffusion through soil moisture will be
insignificant (except for compounds with
very low Henry’s Law Constant

Transport through air phase only.
 Good for volatiles.  Only low
volatility compounds would fail
this and they are probably not the
compounds of concern for vapor
intrusion

From literature value of Henry’s Law
Constant.

Convective transport is likely to be most
significant in the region very close to a
basement, or a foundation, and vapor
velocities decrease rapidly with increasing
distance from a structure

Not likely

Vapor flow described by Darcy’s law Porous media flow assumption. Observations of fractured rock,
fractured clay, karst, macropores,
preferential flow channels.

Steady State convection Flow not affected by barometric
pressure, infiltration, etc.

Not likely

Uniform convective flow near the
foundation

Flow rate does not vary by
location

Not likely

Uniform convective velocity through crack
or porous medium

No variation within cracks and
openings and constant pressure
field between interior spaces and
the soil surface

Not likely

Significant convective transport only
occurs in the vapor phase

Movement of soil water not
included in vapor impact

Not likely

All contaminant vapors originating from
directly below the basement will enter the
basement, unless the floor and walls are
perfect vapor barriers. (Makes model over
est. vapors as none can flow around the
building)

Model does not allow vapors to
flow around the structure and not
enter the building

Not likely

Contaminant vapors enter structures
primarily through cracks and openings in
the walls and foundation

Flow through the wall and
foundation material itself
neglected

Observe numbers of cracks and
openings.  Assessment of
contribution from construction
materials themselves not likely

• The presence or suspected presence of residual or free-product non-aqueous phase liquids
(LNAPL, DNAPL, fuels, solvents, etc.) in the subsurface. 

• The presence of heterogeneous geologic materials (other than the three layers allowed in the
advanced spreadsheets) between the vapor source and building. The J&E Model does not
apply to geologic materials that are fractured, contain macropores or other preferential
pathways, or are composed of karst.  
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• Sites where significant lateral flow of vapors occurs. These can include geologic layers that
deflect contaminants from a strictly upward motion and buried pipelines or conduits that
form preferential paths. Significantly different permeability contrasts between layers are
likely to cause lateral flow of vapors. The model assumes the source of contaminants is
directly below the potential receptors. 

• Very shallow groundwater where the building foundation is wetted by the groundwater.

• Very small building air exchange rates (e.g., < 0.25/h)

• Buildings with crawlspace structures or other significant openings to the subsurface (e.g.,
earthen floors, stone buildings, etc.). The EPA spreadsheet only allows for either slab on
grade or basement construction. 

• Contaminated groundwater sites with large fluctuations in the water table elevation. In these
cases, the capillary fringe is likely to be contaminated; whereas in the groundwater source
spreadsheets, the capillary fringe is assumed to be uncontaminated.

In theory the above limitations are readily conceptualized, but in practice the presence of
these limiting conditions may be difficult to verify even when extensive site characterization data
are available. Conditions that are particularly difficult to verify in the field include the presence of
residual non-aqueous phase liquids (NAPLs) in the unsaturated zone and the presence and influence
of macropores, fractures and other preferential pathways in the subsurface. Additionally, in the initial
stages of evaluation, especially at the screening level, information about building construction and
water table fluctuations may not be available.  Even the conceptually simple assumptions (e.g., one-
dimensional flow, lack of preferential pathways) may be difficult to assess when there are little site
data available. 

The vapor equilibrium models employed to estimate the vapor concentration at the source
of soil contamination is applicable only if "low" concentrations of the compound(s) are sorbed to
organic carbon in the soil, dissolved in soil moisture, and present as vapor within the air-filled soil
pores (i.e., a three-phase system).  The vapor equilibrium models do not account for a residual phase
NAPLs.  If residual phase contaminants are present in the soil column, the user is referred to either
the NAPL-SCREEN or NAPL-ADV model (Appendix A), as appropriate. 

In the case of contaminated groundwater, the vapor equilibrium model operates under the
assumption that the contaminant is present at levels below the water solubility limit.  If the user-
defined soil concentration is greater than the soil saturation concentration (Csat) or if the groundwater
concentration is greater than the solubility limit (S), the equilibrium vapor concentration will be
calculated at the value of Csat or S as appropriate.
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The user is also reminded that when estimating a risk-based soil concentration, the model
will compare the calculated soil concentration with the soil saturation concentration above which
a residual phase is likely to occur.  The soil saturation concentration (Csat) is calculated as in U.S.
EPA (1996a and b).  If the risk-based concentration is greater than the saturation concentration and
the contaminant is a liquid or gas at the soil temperature, the final soil concentration will be set equal
to the soil saturation concentration.  This tends to eliminate the possibility of allowing a liquid
residual phase to exist within the soil column, which may leach to the water table.  If the risk-based
soil concentration is greater than Csat and the contaminant is a solid, the contaminant is not of
concern for the vapor intrusion pathway.  

Likewise, the groundwater models will compare the calculated risk-based groundwater
concentration to the aqueous solubility limit of the compound.  If the risk-based groundwater
concentration is greater than the solubility limit, the contaminant is not of concern for the vapor
intrusion pathway.  

Finally, it should be recognized that the procedures used to estimate both the soil saturation
concentration and the aqueous solubility limit do not consider the effects of multiple contaminants.
 The estimated values, therefore, may be artificially high such that a residual phase may actually exist
at somewhat lower concentrations. 

The procedures used to estimate the soil vapor permeability of the soil stratum in contact
with the building floor and walls assume isotropic soils and steady-state soil moisture content.  In
addition, the calculations do not account for preferential vapor pathways due to soil fractures,
vegetation root pathways, or the effects of a gravel layer below the floor slab or backfill.  These
items may act to increase the vapor permeability of in situ soils. 

If in situ pneumatic tests are used to measure site vapor permeability, care must be taken to
ensure adequate sampling to reduce the possibility of missing important soil structure effects due to
anisotropy. 

Single-point in situ pneumatic tests are typically conducted by measuring the pressure in a
probe as a metered flow of air is passed through the probe and into the soil. Garbesi et al. (1996),
however, demonstrated that soil vapor permeability increases with the sampling length scale.  Using
a dual-probe dynamic pressure sampling apparatus, Garbesi et al. (1996) demonstrated that the
average soil vapor permeability typically increases up to a constant value as the distance between
the source probe and detector probe increases.  On a length scale typical of a house (3 to 10 m), use
of the dual-probe sampling technique found that the soil permeability was approximately 10 to 20
times higher than that measured by the single-point method.  Although arguably the most accurate
means of determining in situ soil vapor permeability, the techniques of Garbesi et al. (1996) are
complex and require specialized equipment. 

Another method for determining the intrinsic permeability of soil is to conduct empirical
measurements of the saturated hydraulic conductivity (Ks).  These data are then input into Equation
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26.  The resulting value of ki is then multiplied by the relative air permeability (krg) calculated by
Equation 27 to yield the effective air permeability of the soil. 

Estimation of the rise of the capillary zone is based on the equation for the rise of a liquid
in a capillary tube.  The procedure assumes that the interstitial space between the soil particles is
equivalent to the capillary tube diameter and that the resulting rise of water occurs under steady-state
soil column drainage conditions.  In actuality, the height of the capillary zone is uneven or fingered
due to the variation in the actual in situ particle size distribution.  In addition, the groundwater
models do not account for the episodic rise and fall of the water table or the capillary zone due to
aquifer recharge and discharge.  As constructed, the groundwater models do not allow the top of the
capillary zone to be above the bottom of the building floor in contact with the soil.  The user should
be aware, however, that in reality the top of the capillary zone may rise to levels above the floor in
some cases. 

Diffusion across the capillary zone is estimated based on lumping vapor and aqueous-phase
diffusion together within the calculation of the effective diffusion coefficient.  To allow for vapor-
phase diffusion within the capillary zone, the air-filled soil pores must be connected.  In reality, the
capillary zone may be comprised of a tension-saturated zone immediately above the water table and
the deep portion of the vadose zone within which the soil water content is strongly dependent on the
pressure head.  Diffusion across the tension-saturated zone is dominated by liquid-phase diffusion,
which is typically four orders of magnitude less than vapor-phase diffusion.  Therefore, a large
concentration gradient may exist between the top of the water table and the top of the tension-
saturated zone (McCarthy and Johnson, 1993). 

Lumping vapor and aqueous-phase diffusion together is a less-intensive, although less-
rigorous, method for estimating the effective diffusion coefficient.  The result is typically a higher
effective diffusion coefficient relative to separate solutions for aqueous diffusion across the tension-
saturated zone and both vapor and aqueous diffusion across the unsaturated portion of the vadose
zone. 

To minimize the possible overestimation of the effective diffusion coefficient, the soil air-
filled porosity within the capillary zone is estimated based on the air-entry pressure head, which
corresponds with the water-filled porosity at which the interstitial air-filled pores first become
connected.  The user should be aware that this procedure is inherently conservative if a significant
concentration gradient exists across the tension-saturated zone.  This conservatism may be somewhat
offset in that the model does not consider any episodic rise in the level of the water table.  During
such events, water that had previously been part of the saturated zone (and hence contain higher
contaminant concentrations) is redistributed in the vadose zone resulting in temporary elevations in
soil gas concentrations. 

The model assumes that all vapors from underlying soils will enter the building through gaps
and openings in the walls, floor, and foundation.  This implies that a constant pressure field is
generated between the interior spaces and the soil surface and that the vapors are intercepted within
the pressure field and transported into the building.  This assumption is inherently conservative in
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that it neglects periods of near zero pressure differentials (e.g., during mild weather when windows
are left open). 

As with the estimation procedure for soil vapor permeability, the model assumes isotropic
soils in the horizontal direction; vertical anisotropy is accounted for by a series of isotropic soil strata
above the top of contamination.  Soil properties within the zone of soil contamination are assumed
to be identical to those of the soil stratum directly above the contamination and extend downward
to an infinite depth.  Solute transports by convection (e.g., water infiltration) and by mechanical
dispersion are neglected.  Transformation processes (e.g., biodegradation, hydrolysis, etc.) are also
neglected. 

The J&E Model treats the entire building as a single chamber with instantaneous and
homogeneous vapor dispersion.  It therefore neglects contaminant sinks and the room-to-room
variation in vapor concentration due to unbalanced mechanical and/or natural ventilation. 

5.1 SOURCE VAPOR CONCENTRATION

As applied in the accompanying spreadsheets, the vapor equilibrium model employed to
estimate the vapor concentration at the source of soil contamination is applicable in the limit of
"low" concentrations where compounds are sorbed to organic carbon in the soil, dissolved is soil
moisture, and present as vapor within the air-filled soil pores (i.e., a three-phase system).  The model
does not account for a residual phase (e.g., NAPL).  If residual phase contaminants are present in the
soil column, the user is referred to either the NAPL-SCREEN or NAPL-ADV model, as appropriate.

In the case of contaminated groundwater, the vapor equilibrium model operates under the
assumption that the contaminant is present at levels below the water solubility limit.  If the user-
defined soil concentration is greater than the soil saturation concentration (Csat) or if the groundwater
concentration is greater than the solubility limit (S), the equilibrium vapor concentration will be
calculated at the value of Csat or S as appropriate. 

The user is also reminded that when estimating a risk-based soil concentration, the model
will compare the calculated soil concentration with the soil saturation concentration above which
a residual phase is likely to occur.  The soil saturation concentration (Csat) is calculated as in U.S.
EPA (1996a and b).  If the risk-based concentration is greater than the saturation concentration and
the contaminant is a liquid or gas at the soil temperature, the final soil concentration will be set equal
to the soil saturation concentration.  This tends to eliminate the possibility of allowing a liquid
residual phase to exist within the soil column, which may leach to the water table.  If the risk-based
soil concentration is greater than Csat and the contaminant is a solid, the contaminant is not of
concern for the vapor intrusion pathway.  

Likewise, the groundwater models will compare the calculated risk-based groundwater
concentration to the aqueous solubility limit of the compound.  If the risk-based groundwater
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concentration is greater than the solubility limit, the contaminant is not of concern for the vapor
intrusion pathway.  

Finally, it should be recognized that the procedures used to estimate both the soil saturation
concentration and the aqueous solubility limit do not consider the effects of multiple contaminants.
 The estimated values, therefore, may be artificially high such that a residual phase may actually exist
at somewhat lower concentrations. 

5.2 SOIL VAPOR PERMEABILITY

The procedures used to estimate the soil vapor permeability of the soil stratum in contact
with the building floor and walls assumes isotropic soils and steady-state soil moisture content.  In
addition, the calculations do not account for preferential vapor pathways due to soil fractures,
vegetation root pathways, or the effects of a gravel layer below the floor slab or backfill which may
act to increase the vapor permeability with respect to in situ soils. 

If in situ pneumatic tests are used to measure site vapor permeability, care must be taken
to ensure adequate sampling to reduce the possibility of missing important soil structure effects
due to anisotropy. 

Single point in situ pneumatic tests are typically conducted by measuring the pressure in a
probe as a metered flow of air is passed through the probe and into the soil. Garbesi et al. (1996),
however, demonstrated that soil vapor permeability increases with the sampling length scale.  Using
a dual-probe dynamic pressure sampling apparatus, Garbesi et al. (1996) demonstrated that the
average soil vapor permeability typically increases up to a constant value as the distance between
the source probe and detector probe increases.  On a length scale typical of a house (3 to 10 m) use
of the dual-probe sampling technique found that the soil permeability was approximately 10 to 20
times higher than that measured by the single point method.  Although arguably the most accurate
means of determining in situ soil vapor permeability, the techniques of Garbesi et al. (1996) are
complex and require specialized equipment. 

Another method for determining the intrinsic permeability of soil is to conduct empirical
measurements of the saturated hydraulic conductivity (Ks).  These data are then input into Equation
26.  The resulting value of ki is then multiplied by the relative air permeability (krg) calculated by
Equation 27 to yield the effective air permeability of the soil. 

5.3 RISE OF AND DIFFUSION ACROSS THE CAPILLARY ZONE

Estimation of the rise of the capillary zone is based on the equation for the rise of a liquid
in a capillary tube.  The procedure assumes that the interstitial space between the soil particles is
equivalent to the capillary tube diameter and that the resulting rise of water occurs under steady-state
soil column drainage conditions.  In actuality, the height of the capillary zone is uneven or fingered
due to the variation in the actual in situ particle size distribution.  In addition, the groundwater
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models do not account for the episodic rise and fall of the water table or the capillary zone due to
aquifer recharge and discharge.  As constructed, the groundwater models do not allow the top of the
capillary zone to be above the bottom of the building floor in contact with the soil.  The user should
be aware, however, that in reality the top of the capillary zone might rise to levels above the floor
in some cases. 

Diffusion across the capillary zone is estimated based on lumping vapor and aqueous-phase
diffusion together within the calculation of the effective diffusion coefficient.  To allow for vapor-
phase diffusion within the capillary zone, the air-filled soil pores must be connected.  In reality, the
capillary zone may be comprised of a tension-saturated zone immediately above the water table and
the deep portion of the vadose zone within which the soil water content is a strongly dependent on
the pressure head.  Diffusion across the tension-saturated zone is dominated by liquid-phase
diffusion which is typically four orders of magnitude less than vapor-phase diffusion.  Therefore, a
large concentration gradient may exist between the top of the water table and the top of the tension-
saturated zone (McCarthy and Johnson, 1993). 

Lumping vapor and aqueous-phase diffusion together is a less intensive, although less
rigorous, method for estimating the effective diffusion coefficient.  The result is typically a higher
effective diffusion coefficient relative to separate solutions for aqueous diffusion across the tension-
saturated zone and both vapor and aqueous diffusion across the unsaturated portion of the vadose
zone. 

To minimize the possible over estimation of the effective diffusion coefficient, the soil air-
filled porosity within the capillary zone is estimated based on the air-entry pressure head, which
corresponds with the water-filled porosity at which the interstitial air-filled pores first become
connected.  The user should be aware that this procedure is inherently conservative if a significant
concentration gradient exists across the tension-saturated zone. This conservatism may be somewhat
offset in that the model does not consider any episodic rise in the level of the water table.  During
such events, water which had previously been part of the saturated zone (and hence contain higher
contaminant concentrations) is redistributed in the vadose zone resulting in temporary elevations in
soil gas concentrations. 

5.4 DIFFUSIVE AND CONVECTIVE TRANSPORT INTO THE STRUCTURE

The following is a discussion of the major assumptions and limitations of the J&E Model for
diffusive and convective vapor transport into buildings. 

The model assumes that all vapors from underlying soils will enter the building through gaps
and openings in the walls, floor, and foundation.  This implies that a constant pressure field is
generated between the interior spaces and the soil surface and that the vapors are intercepted within
the pressure field and transported into the building.  This assumption is inherently conservative in
that it neglects periods of near zero pressure differentials (e.g., during mild weather when windows
are left open). 



76

As with the estimation procedure for soil vapor permeability, the model assumes isotropic
soils in the horizontal direction; vertical anisotropy is accounted for by a series of isotropic soil strata
above the top of contamination.  Soil properties within the zone of soil contamination are assumed
to be identical to those of the soil stratum directly above the contamination and extend downward
to an infinite depth.  Solute transports by convection (e.g., water infiltration) and by mechanical
dispersion are neglected.  Transformation processes (e.g., biodegradation, hydrolysis, etc.) are also
neglected. 

An empirical field study (Fitzpatrick and Fitzgerald, 1997) indicated that the model may be
overly conservative for nonchlorinated species (e.g., benzene, toluene, ethylbenzene and xylene) but
in some cases, may underpredict indoor concentrations for chlorinated species.  The authors
contribute the likely cause for this discrepancy to the significant biodegradation of the
nonchlorinated compounds. 

The J&E Model treats the entire building as a single chamber with instantaneous and
homogeneous vapor dispersion.  It therefore neglects contaminant sinks and the room-to-room
variation in vapor concentration due to unbalanced mechanical and/or natural ventilation. 

Finally, convective vapor flow from the soil matrix into the building is represented as an
idealized cylinder buried below grade.  This cylinder represents the total area of the structure below
the soil surface (walls and floor).  The total crack or gap area is assumed to be a fixed fraction of this
area.  Because of the presence of basement walls, the actual vapor entry rate is expected to be 50 to
100 percent of that provided by the idealized geometry (Johnson and Ettinger, 1991). 
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SECTION 6

INTERPRETATION OF RESULTS

The models described herein are theoretical approximations of complex physical and
chemical processes and as such should not be used in a deterministic fashion (i.e., to generate a
single outcome).  At the least, a range of outcomes should be explored focusing on the most sensitive
model input variables.  In general, using the default values for input variables will result in higher
indoor air concentrations and thus higher incremental risks or lower risk-based media concentrations.
With a realistic range of outcomes, the risk manager may assess the uncertainty in the model
predictions. 

From a conceptual point of view, the vapor intrusion model provides a theoretical description
of the processes involved in vapor intrusion from subsurface soils or groundwater into indoor
structures.  A combination of modeling and sampling methods is also possible to reduce the
uncertainty of the calculated indoor air concentrations.  Typically this involves field methods for
measuring soil gas very near or below an actual structure.  It should be understood, however, that
soil gas sampling results outside the footprint of the building may or may not be representative of
the soil gas concentrations directly below the structure.  For solid building floors in contact with the
soil (e.g., concrete slabs), the soil gas directly beneath the floor may be considerably higher than that
adjacent to the structure. This is typically due to a vapor pooling effect underneath the near
impermeable floor.  Once a representative average concentration is determined, all vapor directly
below the areal extent of the building is presumed to enter the structure.  The soil gas concentration,
along with the building ventilation rate and the soil gas flow rate into the building, will determine
the indoor concentration.  When using the soil gas models, it must be remembered that no analysis
has been made concerning the source of contamination.  Therefore, the calculated indoor
concentration is assumed to be steady-state.  The procedures described in API (1998) can be used
to calibrate the diffusion transport considerations of the J&E Model as well as for calibrating the
Model for transformation processes (e.g., biodegradation).  The reader is also referred to U.S. EPA
(1992) for a more detailed discussion of applying soil gas measurements to indoor vapor intrusion.

Finally, calibration and verification of the model have been limited due to the paucity of
suitable data.  Research is needed to provide spatially and temporally correlated measurements
during different seasons, at different locations, with different buildings, and over a range of different
contaminants such that the accuracy of the model may be determined.  Appendix E contains
bibliography and references. 
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APPENDIX A

USER’S GUIDE FOR NON-AQUEOUS PHASE LIQUIDS



A-2

Purpose

The NAPL-SCREEN and NAPL-ADV models are designed to forward calculate incremental
cancer risks or noncarcinogenic hazard quotients due to subsurface soil vapor intrusion into
buildings.  The models are specifically designed to handle nonaqueous phase liquids or solids in
soils. The user may specify up to 10 soil contaminants, the concentrations of which form a residual
phase mixture.  A residual phase mixture occurs when the sorbed phase, aqueous phase, and vapor
phase of each chemical have reached saturation in soil.  Concentrations above this saturation limit
for all of the specified chemicals of a mixture will result in a fourth or residual phase (i.e.,
nonaqueous phase liquid or solid).

Other vapor intrusion models (SL-SCREEN, SL-ADV, SG-SCREEN, SG-ADV, GW-
SCREEN, and GW-ADV) handled only a single contaminant and only when the soil concentration
was at or below the soil saturation limit (i.e., a three-phase system).  Use of these models when a
residual phase is present, results in an overprediction of the soil vapor concentration and
subsequently the building vapor concentration.

Residual Phase Theory

The three-phase system models estimate the equilibrium soil vapor concentration at the
emission source (Csource) using the procedures from Johnson et al. (1990):
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where: Csource = Vapor concentration at the source of contamination, g/cm3

H’
TS = Henry’s law constant at the soil temperature, dimensionless

CR = Initial soil concentration, g/g
ρb = Soil dry bulk density, g/cm3

θw = Soil water-filled porosity, cm3/cm3

Kd = Soil-water partition coefficient, cm3/g ( = Koc × foc)
θa = Soil air-filled porosity, cm3/cm3

Koc = Soil organic carbon partition coefficient, cm3/g
foc = Soil organic carbon weight fraction.

In Equation 1, the equilibrium vapor concentration is proportional to the soil concentration
up to the soil saturation limit.  When a residual phase is present, however, the vapor concentration
is independent of the soil concentration but proportional to the mole fraction of the individual
component of the residual phase mixture.  In this case, the equilibrium vapor concentration must be
calculated numerically for a series of time-steps.  For each time-step, the mass of each constituent
that is volatilized is calculated using Raoult’s law and the appropriate mole fraction.  At the end of
each time-step, the total mass lost is subtracted from the initial mass and the mole fractions are
recomputed for the next time-step. 
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The NAPL-SCREEN and NAPL-ADV models use the procedures of Johnson et al. (2001)
to calculate the equilibrium vapor concentration at the source of emissions for each time-step. 
Within each model, the user-defined initial soil concentration of each component in the mixture is
checked to see if a residual phase is present.  This is done by calculating the product of the activity
coefficient of component i in water (αi) and the mole fraction of i dissolved in soil moisture (yi) such
that:
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where: Mi = Initial moles of component i in soil, moles
Pi

v(TS) = Vapor pressure of i at the average soil temperature, atm
θa = Soil air-filled porosity, cm3/cm3

V = Volume of contaminated soil, cm3

R = Ideal gas constant, 82.05 atm-cm3/mol-oK
TS = Average soil temperature, oK
MH

2
O = Total moles in soil moisture dissolved phase, moles

αi = Activity coefficient of i in water, unitless
Kd,i = Soil-water partition coefficient of i, cm3/g
Msoil = Total mass of contaminated soil, g

         MWH2O = Molecular weight of water, 18 g/mol
        δ(MH

2
O) = 1 if MH

2
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        δ(MH
2

O) = 0 if MH
2

O = 0.

If the sum of all the values of αiyi for all of the components of the mixture is less than 1, the mixture
does not contain a residual phase and the models are not applicable.  In such cases, the SL-SCREEN
or SL-ADV model can be used to estimate the building concentration.

Once it has been determined that a residual phase does exists, the mole fraction of each
component (xi) is determined by iteratively solving Equations 3 and 4 subject to the constraint that
the sum of all the mole fractions equals unity (Σxi = 1): 
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where Mi
HC is the number of moles of component i in residual phase and MHC is the total number of

moles of all components in residual phase.  The solution is simplified by assuming that MH
2

O is
approximately equal to the number of moles of water in the soil moisture.  With the mole fraction
of each component at the initial time-step, the equilibrium vapor concentration at the source of
emissions is calculated by Raoult’s law:
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where MWi is the molecular weight of component i (g/mol). 

At the beginning of each succeeding time-step, the number of moles of each chemical
remaining in the soil from the previous time-step are again checked to see if a residual phase is
present using Equation 2.  When a residual phase is no longer present, the equilibrium vapor
concentration at the source of emissions is calculated by:
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Ancillary Calculations

The activity coefficient of component i in water (αi) is estimated from its solubility.  Because
hydrocarbons are typically sparingly soluble in water, the following generalization has been applied
to compounds that are liquid or solid at the average soil temperature:

( ) ( ) iiii SMWy /moles/L 55.55/1 ==α (7)

where Si is the solubility of component i (g/L).  For gases at the average soil temperature, the
corresponding relationship is:
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Assuming that the vapor behaves as an ideal gas with a relatively constant enthalpy of
vaporization between 70oF and the average soil temperature, the Claussius-Clapeyron equation can
be used to estimate the vapor pressure at the desired temperature:
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where: Pv(TS) = Vapor pressure at the desired temperature TS, atm
Pv(TR) = Vapor pressure at the reference temperature TR, atm
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TB = Normal boiling point, oK
TR = Vapor pressure reference temperature, oK
TS = The desired temperature, oK
PB = Normal boiling point pressure = 1 atm.

Building Concentration

The vapor concentration within the building or enclosed space (Cbuilding) is calculated using
the steady-state solution of Johnson and Ettinger (1991) such that:

sourcebuilding CC α= . (10)

The steady-state attenuation coefficient (α) is calculated by:
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where: α = Steady-state attenuation coefficient, unitless
DT

eff = Total overall effective diffusion coefficient, cm2/s
AB = Area of the enclosed space below grade, cm2

Qbuilding= Building ventilation rate, cm3/s
LT = Source-building separation, cm
Qsoil = Volumetric flow rate of soil gas into the

enclosed space, cm3/s
Lcrack = Enclosed space foundation or slab thickness, cm
Acrack = Area of total cracks, cm2

Dcrack = Effective diffusion coefficient through the cracks, cm2/s.

The reader is referred to Section 2.5 of this Guidance for a more detailed discussion of the derivation
of Equation 11 and procedures for determining values for model input parameters.  Except for the
calculation of the equilibrium vapor concentration at the source of emissions, NAPL-SCREEN is
identical to the three-phase model SL-SCREEN and NAPL-ADV is identical to the three-phase
model SL-ADV. 

The NAPL-SCREEN and NAPL-ADV models explicitly solve for the time-averaged building
concentration over the exposure duration using a forward finite-difference numerical approach.  For
each time-step δt:

( ) ( ) ( )ibuildingbuildingii MWQCttMttM /×−=+ δδ (12)
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where Mi (t) is the number of moles of component i in soil at the previous time and Mi(t+δt) is the
number of moles  at the new time.  The time-step interval is variable as a function of the percent of
mass lost over the time-step.  The user may specify a minimum and maximum percent loss allowed;
these values are applied to the single component of the residual phase mixture with the highest mass
loss rate during each time-step interval.  If the user-specified maximum percent loss is exceeded, the
next time-step interval is reduced by half; likewise, if the user-specified minimum percent loss is not
achieved, the next time-step interval is increased by a factor of two.  The instantaneous building
concentration at time = t is calculated using Equation 10 for each time-step.  The time-averaged
building concentration is estimated using a trapezoidal approximation of the integral. 

Model Assumptions and Limitations

The NAPL-SCREEN and NAPL-ADV models operate under the assumption that sufficient
time has elapsed since the time of initial soil contamination for steady-state conditions to have been
achieved.  This means that the subsurface vapor plume has reached the bottom of the enclosed space
floor and that the vapor concentration has reached its maximum value.  An estimate of the time
required to reach near steady-state conditions (Jss) can be made using the following equations from
API (1998):
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where Rv is the unitless vapor phase retardation factor, LT is the source-building separation (cm), Deff

is the effective diffusion coefficient (cm2/s), Da is the diffusivity in air (cm2/s), Dw is the diffusivity
in water (cm2/s), and n is the soil total porosity (cm3/cm3).  The NAPL-SCREEN and NAPL-ADV
models are applicable only when the elapsed time since initial soil contamination meets or exceeds
the value of Jss (see Using the Models).

Emission source depletion is calculated by estimating the rate of vapor loss as a function of
time such that the mass lost at each time-step is subtracted from a finite mass of contamination at
the source.  This requires the model user to estimate the dimensions of the emission source, e.g., the
length, width, and thickness of the contaminated zone.  The model should only be used, therefore,
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when the extent of soil contamination has been sufficiently determined.  It should be noted that
because the NAPL-SCREEN and NAPL-ADV models are one-dimensional, the areal extent of soil
contamination (i.e., length × width) can be less than but not greater than the areal extent of the
building floor in contact with the soil.

Each model treats the contaminated zone directly below the building as a box containing a
finite mass of each specified compound.  The initial contamination contained within the box is
assumed to be homogeneously distributed.  After each time-step, the remaining contamination is
assumed to be instantaneously redistributed within the box to homogeneous conditions.  The
diffusion path length from the top of contamination to the bottom of the enclosed space floor
therefore remains constant with time.  Use of this simplifying assumption means that the degree of
NAPL soil saturation is not required in the calculation of the total overall effective diffusion
coefficient (DT

eff).

As time proceeds, the concentration of the mixture of compounds within the soil column may
reach the soil saturation limit.  Below this point, a residual phase will cease to exist and the vapor
concentration of each chemical will decrease proportional to its total volume soil concentration. 
Theoretically, the vapor concentration will decrease asymptotically, approaching but never reaching
zero.  Because of the nature of the numerical solution to equilibrium vapor concentration, however,
compounds with high effective diffusion coefficients (e.g., vinyl chloride) may reach zero soil
concentrations while other less volatile contaminants will not.  If the initial soil concentrations are
significantly higher than their respective values of the soil saturation concentration, a residual phase
may persist up to the user-defined exposure duration.

Model assumptions and limitations concerning vapor transport and vapor intrusion into
buildings are those specified for the three-phase models. 

Using the Models

Each model is constructed as a Microsoft® Excel workbook containing five worksheets.  The
DATENTER worksheet is the data entry worksheet and also provides model results.  The
VLOOKUP worksheet contains the “Chemical Properties Lookup Table” with listed chemicals and
associated chemical and toxicological properties.  It should be noted that the toxicological properties
for many of these chemicals were derived by route-to-route extrapolation.  In addition, the
VLOOKUP worksheet includes the “Soil Properties Lookup Table” containing values for model
intermediate variables used in estimating the soil vapor permeability.  The CHEMPROPS worksheet
provides a summary of the chemical and toxicological properties of the soil contaminants selected
by the user.  In addition, the CHEMPROPS worksheet provides calculated values for the soil
saturation concentration (Csat) and the time to reach steady-state conditions (Jss) once all required
data are entered into the DATENTER worksheet.  The INTERCALCS worksheet contains calculated
values of intermediate model variables.  Finally, the COMPUTE worksheet contains the numerical
solutions for equilibrium vapor concentration and building vapor concentration as a function of time.
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Both models use the Microsoft® SOLVER add-in algorithms to simultaneously solve
Equations 3 and 4 for each of up to 10 chemicals specified by the user.  In order to run NAPL-
SCREEN or NAPL-ADV, the SOLVER add-in must be loaded into EXCEL.  The user is referred
to the EXCEL instructions for loading the SOLVER add-in.

On the DATENTER worksheet, the user may specify up to 10 soil contaminants by CAS
number along with associated soil concentrations in units of mg/kg.  The CAS number entered must
match exactly one of the 93 chemicals listed in the VLOOKUP worksheet or the error message
“CAS No. not found” will appear in the “Chemical” box.  If the list of chemicals and concentrations
entered does not constitute a residual phase, the error message in Figure 1 will appear after starting
the model. 

If this error message box appears, use either the SL-SCREEN or SL-ADV model to estimate
subsurface vapor intrusion into the building.

After starting the model calculations, other error message boxes may appear if data entry
values are missing on the DATENTER worksheet or if entered values do not conform to model
assumptions.  If such an error message box appears, fill-in missing data or re-enter data as
appropriate.  If entered data values are outside the expected range or if text values are entered where
numeric values are expected, the model calculation macro will be suspended and the run-time error
message in Figure 2 will appear. 

Should this error message appear, click on the “End” button to terminate the macro and return to the
DATENTER worksheet.  At this point, the user should review all of the entered values and make
the appropriate corrections.

Figure 1.  Residual Phase Error Message

Model Not Applicable!

The mixture of compounds and concentrations listed does not
include a residual phase.
This model is not applicable!

OK

Figure 2.  Run-Time Error Message

Microsoft Visual Basic

Run-time error ‘13’
Type mismatch

Continue End Debug Help
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In addition to contaminant data, soil properties data, zone of contamination data, and
exposure assumptions must also be specified in the DATENTER worksheet.  Similar to the SL-
SCREEN three-phase model, the NAPL-SCREEN model allows for only one soil stratum between
the top of contamination and the bottom of the building floor in contact with the soil.  In addition,
the NAPL-SCREEN model uses built-in default values for all building variables (e.g., building
dimensions, air exchange rate, total crack area, etc.).  These default values are for single-family
detached residences; therefore, the NAPL-SCREEN model should only be used for the residential
exposure scenario.

The NAPL-ADV model, like the SL-ADV model, allows for up to three different soil strata
between the top of contamination and the bottom of the building floor.  In addition, the NAPL-ADV
model allows the user to enter values for all model variables.  This allows for the estimation of soil
vapor intrusion into buildings other than single-family residences. 

For each model, the user must also enter the duration of the first (initial) time-step interval.
 The maximum and minimum change in mass for each time-step must also be specified.  The values
of the initial time-step interval, and the maximum and minimum change in mass are important.  If
these values are too low, the model will calculate very small increments in the mass lost over time
which will greatly extend the run-time of the model.  In general, if the concentrations of the least
volatile chemicals in the mixture are well above their respective values of the soil saturation
concentration, a relatively large initial time-step interval, and maximum and minimum change in
mass should be specified (e.g., 4 days, 10%, and 5%, respectively).  For comparison, the value of the
soil saturation concentration (Csat) for each chemical specified by the user may be found in the
CHEMPROPS worksheet after all data have been entered on the DATENTER worksheet.  If,
however, the soil concentrations of the most volatile  constituents are very close to their respective
saturation limits, large values of the initial time-step interval, and the maximum and minimum
change in mass will result in the error message in Figure 3 after starting the model.

Should this error message occur, reduce the value of the initial time-step interval and the values of
the maximum and minimum change in mass to smaller values and re-run the model.  The error
message will be repeated until the values of these variables are sufficiently small.

Figure 3.  Time-Step and Change in Mass Error Message

The initial time-step, maximum and minimum change in mass
values are too high for successful completion of the calculations. 
Reduce these values and re-run the model.

OK

Re-set Values!
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After all required data are entered into the DATENTER worksheet, the model is run by
clicking on the “Execute Model” button which will change from reading “Execute” to “Stand by...”.
 In addition, the message box in Figure 4 will appear keeping a running count of the number of
residual phase time-step solutions achieved by the model. 

Each SOLVER trial solution can also be seen running in the status bar at the bottom of the screen.
When the model is finished calculating, the “Execute Model” button will read “Done” and the
Progress of Calculations message box in Figure 4 will disappear.  The time-averaged building
concentrations, incremental cancer risks, and/or hazard quotients will then be displayed under the
“RESULTS” section of the DATENTER worksheet.  In addition, an “X” will appear beside the
calculated risk or hazard quotient of each contaminant for which a route-to-route extrapolation was
employed.  It should be noted that a route-to-route extrapolation was used for any chemical without
a unit risk factor (URF) or a reference concentration (RfC).  Therefore, the user should evaluate the
resulting cancer risks and/or hazard quotients of such chemicals.  Once a solution has been achieved
and the user wishes to save the results, the file should be saved under a new file name.  If the user
wishes to delete all of the data previously entered on the DATENTER worksheet, this may be
accomplished by clicking on the “Clear Data Entry Sheet” button. 

Stopping Calculations Early

As mentioned previously, the user-defined values of the initial time-step interval, and the
maximum and minimum change in mass should be chosen carefully.  If the model run-time is
excessive or if the user simply wishes to terminate the calculations, the model may be stopped by
pressing CTRL + BREAK.  If termination occurs in-between SOLVER solutions, the message box
in Figure 5 will appear. 

Progress of Calculations

Number of residual phase time-step solutions:

To stop calculations early, press CTRL + BREAK.

1

Figure 4.  Progress of Calculations Message Box
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If this message box appears, click on the “End” button to terminate the macro.

If the termination occurs during a SOLVER solution, the message box in Figure 6 will
appear.  If this message box appears, click on the “Stop” button.  This will stop the SOLVER
solution but not the program macro.  Depending on where in the macro code the interruption occurs,
the model may continue to operate after clicking on the “Stop” button  in Figure 6.  If this happens,
press CTRL + BREAK again.  At this point, the message box in Figure 5 will appear; click on the
“End” button to terminate the macro. 

At this point, the user may examine the model results up to the point of termination on the
COMPUTE worksheet.  The values of the “Change in mass”, the “Time-step interval”, and the
“Cumulative time” should be examined to determine if changes are necessary in the values of the
initial time-step interval, and the maximum and minimum change in mass.  After these or any other
values are changed on the DATENTER worksheet, the model may be re-run by clicking on the
“Execute Model” button.

Step-By-Step Procedures for Running the Models

The following gives the step-by-step procedures for running either the NAPL-SCREEN or
the NAPL-ADV model.

Continue End Debug Help

Microsoft Visual Basic

Code execution has been interrupted

Continue

Stop

Save Scenario... Help

Show Trial Solution

Solver paused, current solution values displayed
on worksheet

Figure 5.  Code Interruption Message Box

Figure 6.  Solver Interruption Message Box
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1. On the DATENTER worksheet, enter the CAS number of each soil contaminant in the residual
phase mixture (do not include dashes in the CAS numbers).  After the CAS numbers have been
entered, the respective chemical names will appear in the “Chemical” box.

2. On the DATENTER worksheet, enter the soil concentration of each contaminant in units of
mg/kg as well as values for all remaining variables except the “Initial time-step”, the “Maximum
change in mass”, and the “Minimum change in mass”.

3. On the CHEMPROPS worksheet, note the calculated values of the “Time to steady state” (Jss)
for each contaminant.  Calculated values of the time-averaged building concentration and
associated risks for contaminants with values of Jss greater than the actual elapsed time since
initial soil contamination will be artificially high.

4. On the CHEMPROPS worksheet, note the calculated values of the “Soil saturation
concentration” (Csat) for each contaminant.  Use these data to help determine appropriate user-
defined values for the initial time-step, and the maximum and minimum change in mass.  Typical
values for these variables might be 2 days, 7%, and 4%, respectively, but may be considerably
higher or lower depending on the number of chemicals in the analysis and the starting soil
concentrations (see the discussion on page 8).

5. Click on the “Execute Model” button to begin the model calculations.  If data are missing on the
DATENTER worksheet, or entered values do not conform to model assumptions, an error
message box will appear after the model is started informing the user of the type of error
encountered.  Enter the appropriate values on the DATENTER worksheet and re-run the model.
 Once the model has successfully started, note the number of residual phase time-step solutions
achieved by the model in the Progress of Calculations message box (Figure 4).  Use this
information to help establish new values for the initial time-step interval and the maximum and
minimum change in mass if the number of time-steps needs to be increased or decreased.

6. When the NAPL-SCREEN model has finished calculating, check column “O” on the COMPUTE
worksheet to determine how many time-steps were calculated while a residual phase was present;
one time-step is equal to one row (when using the
NAPL-ADV model check column “P”).  A residual phase is present when the value in column
“O” or “P”, as appropriate, is equal to 1.000.  In general, a greater number of time-steps means
a more accurate estimate of the time-averaged building concentration.  If the starting soil
concentrations of the most volatile contaminants are very close to their respective values of Csat,
a minimum of 5 to 10 time-steps should be calculated by the model.  For all other cases, a
reasonable number of time-steps is between 40 and 70.  To increase the
number of time-steps calculated by the model, decrease the values of the initial time-step interval
and the maximum and minimum change in mass.  The opposite is true when the number of time-
steps is to be decreased.
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7. If the message box in Figure 1 appears after starting the model, the mixture of compounds and
concentrations specified does not include a residual phase.  Use the SL-SCREEN or SL-ADV
model to calculate indoor air concentrations and risks for each contaminant separately.

8. If the message box in Figure 3 appears after starting the model, reduce the input values of the
initial time-step, and maximum and minimum change in mass and re-run the model.

9. If the run-time of the model is excessive, terminate the model macro by pressing CTRL +
BREAK (see the discussion under Stopping Calculations Early on pages 9 and 10).  Examine
the calculated values of the “Change in mass”, the “Time-step interval”, and the “Cumulative
time” on the COMPUTE worksheet.  Re-enter new lower values for the initial time-step interval,
and the maximum and minimum change in mass and re-run the model.

10. After successful completion of a model run, note the calculated values of the “Time-averaged
building concentration”, “Incremental cancer risk”, and/or “Hazard quotient” in the “RESULTS”
section of the DATENTER worksheet.  Also note for which contaminants a route-to-route
extrapolation was employed.  If the model results are to be retained, save the file under a new
file name.

Adding, Deleting or Revising Chemical Data

Additional chemicals can be listed in the “Chemical Properties Lookup Table” within the
VLOOKUP worksheet.  To add, delete or revise chemicals, the VLOOKUP worksheet must be
unprotected using the password  “ABC” in capital letters.  Row number 171 is the last row that may
be used to add new chemicals.  If new chemicals are added or chemicals deleted, the user must sort
all the data in the “Chemical Properties Lookup Table” (except the column headers) in ascending
order by CAS number.  After sorting is complete, the worksheet should again be protected. 
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APPENDIX B

CHEMICAL PROPERTIES LOOKUP TABLE AND REFERENCES



CAS No. Chemical

Organic 
Carbon 

Partition 
Coefficient

Diffusivity in 
Air

Diffusivity 
in Water

Pure 
Component 

Water 
Solubility

Henry's 
Law 

Constant

Henry's Law 
Constant at 
Reference 

Temperature

Henry's Law 
Constant 
Reference 

Temperature
Normal 

Boiling Point
Critical 

Temperature

Enthalpy of 
Vaporization at 

the Normal 
Boiling Point

Unit Risk 
Factor

Reference 
Concentration Density,

Physical 
State at 

soil Temp
Vapor 

Pressure
Molecular 

Weight
URF 

extrapolated
Rfc 

extrapolated
Koc Da Dw S H' H TR TB TC deltaHv,b URF RfC ri VP Mw

(cm3/g) (cm2/s) (cm2/s) (mg/L) (unitless) (atm-m3/mol) (oC) (oK) (oK) (cal/mol) (ug/m3)-1 (mg/m3) (g/cm3) (S,L,G) (mm Hg) (g/mole) (X) (X)

74873 Methyl chloride (chlorome 2.12E+00 2 1.26E-01 2 6.50E-06 2 5.33E+03 3 3.61E-01 3 8.80E-03 25 249.00 4 416.25 4 5.11E+03 4 1.00E-06 3 9.00E-02 3 0.9159 8 L 4.30E+03 5.05E+01 3
74908 Hydrogen cyanide 3.80E+00 2 1.93E-01 2 2.10E-05 2 1.00E+06 3 5.44E-03 3 1.33E-04 25 299.00 4 456.70 4 6.68E+03 7 0.00E+00 3 3.00E-03 3 0.6876 4 L 7.42E+02 2.70E+01 3
74953 Methylene  bromide 1.26E+01 2 4.30E-02 2 8.44E-06 2 1.19E+04 3 3.52E-02 3 8.59E-04 25 370.00 4 583.00 6 7.87E+03 4 0.00E+00 3 3.50E-02 3 2.4969 4 L 4.44E+01 1.74E+02 3 X
75003 Chloroethane (ethyl chlori 4.40E+00 2 2.71E-01 2 1.15E-05 2 5.68E+03 3 3.61E-01 3 8.80E-03 25 285.30 4 460.40 4 5.88E+03 4 8.29E-07 3 1.00E+01 3 0.3242 8 L 1.01E+03 6.45E+01 3 X
75014 Vinyl chloride (chloroethen 1.86E+01 1 1.06E-01 1 1.23E-05 1 8.80E+03 3 1.10E+00 3 2.69E-02 25 2.59E+02 1 4.32E+02 1 5.25E+03 1 8.80E-06 3 1.00E-01 3 9.11E-01 4 G 2.98E+03 6.25E+01 3
75058 Acetonitrile 4.20E+00 2 1.28E-01 2 1.66E-05 2 1.00E+06 3 1.42E-03 3 3.45E-05 25 354.60 4 545.50 4 7.11E+03 4 0.00E+00 3 6.00E-02 3 0.7857 4 L 9.11E+01 4.11E+01 3
75070 Acetaldehyde 1.06E+00 2 1.24E-01 2 1.41E-05 2 1.00E+06 3 3.23E-03 3 7.87E-05 25 293.10 4 466.00 4 6.16E+03 4 2.20E-06 3 9.00E-03 3 0.783 8 L 9.02E+02 4.41E+01 3
75092 Methylene chloride 1.17E+01 1 1.01E-01 1 1.17E-05 1 1.30E+04 3 8.96E-02 3 2.18E-03 25 3.13E+02 1 5.10E+02 1 6.71E+03 1 4.70E-07 3 3.01E+00 3 1.33E+00 4 L 4.33E+02 8.49E+01 3
75150 Carbon disulfide 4.57E+01 1 1.04E-01 1 1.00E-05 1 1.19E+03 3 1.24E+00 3 3.02E-02 25 3.19E+02 1 5.52E+02 1 6.39E+03 1 0.00E+00 3 7.00E-01 3 1.26E+00 4 L 3.59E+02 7.61E+01 3
75218 Ethylene oxide 1.33E+00 2 1.04E-01 2 1.45E-05 2 3.04E+05 3 2.27E-02 3 5.54E-04 25 283.60 4 469.00 4 6.10E+03 4 1.00E-04 3 0.00E+00 3 0.3146 8 L 1.25E+03 4.41E+01 3
75252 Bromoform 8.71E+01 1 1.49E-02 1 1.03E-05 1 3.10E+03 3 2.41E-02 3 5.88E-04 25 4.22E+02 1 6.96E+02 1 9.48E+03 1 1.10E-06 3 7.00E-02 3 2.90E+00 4 L 5.51E+00 2.53E+02 3 X
75274 Bromodichloromethane 5.50E+01 1 2.98E-02 1 1.06E-05 1 6.74E+03 3 6.54E-02 3 1.60E-03 25 3.63E+02 1 5.86E+02 1 7.80E+03 1 1.77E-05 3 7.00E-02 3 1.98E+00 4 L 5.00E+01 1.64E+02 3 X X
75296 2-Chloropropane 9.14E+00 2 8.88E-02 2 1.01E-05 2 3.73E+03 3 5.93E-01 3 1.45E-02 25 308.70 4 485.00 6 6.29E+03 4 0.00E+00 3 1.02E-01 3 0.8617 4 L 5.23E+02 7.85E+01 3
75343 1,1-Dichloroethane 3.16E+01 1 7.42E-02 1 1.05E-05 1 5.06E+03 3 2.30E-01 3 5.61E-03 25 3.31E+02 1 5.23E+02 1 6.90E+03 1 0.00E+00 3 5.00E-01 3 1.18E+00 4 L 2.27E+02 9.90E+01 3
75354 1,1-Dichloroethylene 5.89E+01 1 9.00E-02 1 1.04E-05 1 2.25E+03 3 1.07E+00 3 2.60E-02 25 3.05E+02 1 5.76E+02 1 6.25E+03 1 0.00E+00 3 2.00E-01 3 1.21E+00 4 L 6.00E+02 9.69E+01 3
75456 Chlorodifluoromethane 4.79E+01 2 1.01E-01 2 1.28E-05 2 2.00E+00 3 1.10E+00 3 2.70E-02 25 232.40 4 369.30 4 4.84E+03 6 0.00E+00 3 5.00E+01 3 1.209 8 L 7.48E+03 8.65E+01 3
75694 Trichlorofluoromethane 4.97E+02 2 8.70E-02 2 9.70E-06 2 1.10E+03 3 3.97E+00 3 9.68E-02 25 296.70 4 471.00 6 6.00E+03 6* 0.00E+00 3 7.00E-01 3 1.4879 8 L 8.03E+02 1.37E+02 3
75718 Dichlorodifluoromethane 4.57E+02 2 6.65E-02 2 9.92E-06 2 2.80E+02 3 1.40E+01 3 3.42E-01 25 243.20 4 384.95 4 9.42E+03 6 0.00E+00 3 2.00E-01 3 1.33 8 L 4.85E+03 1.21E+02 3
76131 1,1,2-Trichloro-1,2,2-trifluo 1.11E+04 2 7.80E-02 2 8.20E-06 2 1.70E+02 3 1.97E+01 3 4.80E-01 25 320.70 4 487.30 4 6.46E+03 4* 0.00E+00 3 3.01E+01 3 1.5635 8 L 3.32E+02 1.87E+02 3
76448 Heptachlor 1.41E+06 1 1.12E-02 1 5.69E-06 1 1.80E-01 3 6.05E+01 3 1.48E+00 25 6.04E+02 1 8.46E+02 1 1.30E+04 1 1.30E-03 3 1.75E-03 3 NA 4 S 4.00E-04 3.73E+02 3 X
77474 Hexachlorocyclopentadien 2.00E+05 1 1.61E-02 1 7.21E-06 1 1.80E+00 3 1.10E+00 3 2.69E-02 25 5.12E+02 1 7.46E+02 1 1.09E+04 1 0.00E+00 3 2.00E-04 3 1.70E+00 4 L 6.00E-02 2.73E+02 3
78831 Isobutanol 2.59E+00 2 8.60E-02 2 9.30E-06 2 8.50E+04 3 4.83E-04 3 1.18E-05 25 381.04 4 547.78 4 1.09E+04 6 0.00E+00 3 1.05E+00 3 0.8018 4 L 1.05E+01 7.41E+01 3 X
78875 1,2-Dichloropropane 4.37E+01 1 7.82E-02 1 8.73E-06 1 2.80E+03 3 1.15E-01 3 2.79E-03 25 3.70E+02 1 5.72E+02 1 7.59E+03 1 1.94E-05 3 4.00E-03 3 1.13E+00 4 L 5.20E+01 1.13E+02 3 X
78933 Methylethylketone (2-buta 2.30E+00 2 8.08E-02 2 9.80E-06 2 2.23E+05 3 2.29E-03 3 5.58E-05 25 352.50 4 536.78 4 7.48E+03 4 0.00E+00 3 5.00E+00 3 0.8054 4 L 9.53E+01 7.21E+01 3
79005 1,1,2-Trichloroethane 5.01E+01 1 7.80E-02 1 8.80E-06 1 4.42E+03 3 3.73E-02 3 9.11E-04 25 3.86E+02 1 6.02E+02 1 8.32E+03 1 1.60E-05 3 1.40E-02 3 1.44E+00 4 L 2.33E+01 1.33E+02 3 X
79016 Trichloroethylene 1.66E+02 1 7.90E-02 1 9.10E-06 1 1.47E+03 3 4.21E-01 3 1.03E-02 25 3.60E+02 1 5.44E+02 1 7.51E+03 1 1.10E-04 3 4.00E-02 3 1.46E+00 4 L 7.35E+01 1.31E+02 3 X
79209 Methyl acetate 3.26E+00 2 1.04E-01 2 1.00E-05 2 2.00E+03 3 4.84E-03 3 1.18E-04 25 329.80 4 506.70 6 7.26E+03 6 0.00E+00 3 3.50E+00 3 0.9342 4 L 2.35E+02 7.41E+01 3 X
79345 1,1,2,2-Tetrachloroethane 9.33E+01 1 7.10E-02 1 7.90E-06 1 2.96E+03 3 1.41E-02 3 3.44E-04 25 4.20E+02 1 6.61E+02 1 9.00E+03 1 5.80E-05 3 2.10E-01 3 1.60E+00 4 L 4.62E+00 1.68E+02 3 X
79469 2-Nitropropane 1.17E+01 2 9.23E-02 2 1.01E-05 2 1.70E+04 3 5.03E-03 3 1.23E-04 25 393.20 4 594.00 8 8.38E+03 8 2.69E-03 3 2.00E-02 3 0.9876 8 L 1.80E+01 8.91E+01 3
80626 Methylmethacrylate 6.98E+00 2 7.70E-02 2 8.60E-06 2 1.50E+04 3 1.38E-02 3 3.36E-04 25 373.50 4 567.00 6 8.97E+03 6 0.00E+00 3 7.00E-01 3 0.944 4 L 3.84E+01 1.00E+02 3
83329 Acenaphthene 7.08E+03 1 4.21E-02 1 7.69E-06 1 3.57E+00 3 6.34E-03 3 1.55E-04 25 5.51E+02 1 8.03E+02 1 1.22E+04 1 0.00E+00 3 2.10E-01 3 NA 4 S 2.50E-03 1.54E+02 3 X
86737 Fluorene 1.38E+04 1 3.63E-02 1 7.88E-06 1 1.98E+00 3 2.60E-03 3 6.34E-05 25 5.70E+02 1 8.70E+02 1 1.27E+04 1 0.00E+00 3 1.40E-01 3 NA 4 S 6.33E-04 1.66E+02 3 X
87683 Hexachloro-1,3-butadiene 5.37E+04 1 5.61E-02 1 6.16E-06 1 3.20E+00 3 3.33E-01 3 8.13E-03 25 4.86E+02 1 7.38E+02 1 1.02E+04 1 2.20E-05 3 7.00E-04 3 1.56E+00 4 L 2.21E-01 2.61E+02 3 X
88722 o-Nitrotoluene 3.24E+02 2 5.87E-02 2 8.67E-06 2 6.50E+02 3 5.11E-04 3 1.25E-05 25 495.00 4 720.00 8 1.22E+04 6 0.00E+00 3 3.50E-02 3 1.163 8 L 4.50E-02 1.37E+02 3 X
91203 Naphthalene 2.00E+03 1 5.90E-02 1 7.50E-06 1 3.10E+01 3 1.98E-02 3 4.82E-04 25 4.91E+02 1 7.48E+02 1 1.04E+04 1 0.00E+00 3 3.00E-03 3 NA 4 S 8.50E-02 1.28E+02 3
91576 2-Methylnaphthalene 2.81E+03 2 5.22E-02 2 7.75E-06 2 2.46E+01 3 2.12E-02 3 5.17E-04 25 514.26 4 761.00 4 1.26E+04 8 0.00E+00 3 7.00E-02 3 1.0058 4 S 5.50E-02 1.42E+02 3 X
92524 Biphenyl 4.38E+03 2 4.04E-02 2 8.15E-06 2 7.45E+00 3 1.23E-02 3 2.99E-04 25 529.10 4 789.00 4 1.09E+04 8 0.00E+00 3 1.75E-01 3 1.04 4 S 9.64E-03 1.54E+02 3 X
95476 o-Xylene 3.63E+02 1 8.70E-02 1 1.00E-05 1 1.78E+02 3 2.12E-01 3 5.18E-03 25 4.18E+02 1 6.30E+02 1 8.66E+03 1 0.00E+00 3 1.00E-01 3 8.80E-01 4 L 6.61E+00 1.06E+02 3
95501 1,2-Dichlorobenzene 6.17E+02 1 6.90E-02 1 7.90E-06 1 1.56E+02 3 7.77E-02 3 1.90E-03 25 4.54E+02 1 7.05E+02 1 9.70E+03 1 0.00E+00 3 2.00E-01 3 1.31E+00 4 L 1.36E+00 1.47E+02 3
95578 2-Chlorophenol 3.88E+02 1 5.01E-02 1 9.46E-06 1 2.20E+04 3 1.60E-02 3 3.90E-04 25 4.48E+02 1 6.75E+02 1 9.57E+03 1 0.00E+00 3 1.75E-02 3 1.26E+00 4 L 2.34E+00 1.29E+02 3 X
95636 1,2,4-Trimethylbenzene 1.35E+03 2 6.06E-02 2 7.92E-06 2 5.70E+01 3 2.52E-01 3 6.14E-03 25 442.30 4 649.17 4 9.37E+03 6 0.00E+00 3 5.95E-03 3 0.8758 4 L 2.10E+00 1.20E+02 3
96184 1,2,3-Trichloropropane 2.20E+01 2 7.10E-02 2 7.90E-06 2 1.75E+03 3 1.67E-02 3 4.08E-04 25 430.00 4 652.00 6 9.17E+03 8 5.71E-04 3 4.90E-03 3 1.3889 4 L 3.69E+00 1.47E+02 3 X
96333 Methyl acrylate 4.53E+00 2 9.76E-02 2 1.02E-05 2 6.00E+04 3 7.68E-03 3 1.87E-04 25 353.70 4 536.00 7 7.75E+03 7 0.00E+00 3 1.05E-01 3 0.9535 4 L 8.80E+01 8.61E+01 3 X
97632 Ethylmethacrylate 2.95E+01 2 6.53E-02 2 8.37E-06 2 3.67E+03 3 3.44E-02 3 8.40E-04 25 390.00 4 571.00 8 1.10E+04 6 0.00E+00 3 3.15E-01 3 0.9135 4 L 2.06E+01 1.14E+02 3 X
98066 tert-Butylbenzene 7.71E+02 2 5.65E-02 2 8.02E-06 2 2.95E+01 3 4.87E-01 3 1.19E-02 25 442.10 4 1220.00 9 8.98E+03 8 0.00E+00 3 1.40E-01 3 0.8665 4 L 2.20E+00 1.34E+02 3 X
98828 Cumene 4.89E+02 2 6.50E-02 2 7.10E-06 2 6.13E+01 3 4.74E+01 3 1.46E-02 25 425.56 4 631.10 4 1.03E+04 6 0.00E+00 3 4.00E-01 3 0.8618 4 L 4.50E+00 1.20E+02 3
98862 Acetophenone 5.77E+01 2 6.00E-02 2 8.73E-06 2 6.13E+03 3 4.38E-04 3 1.07E-05 25 475.00 4 709.50 4 1.17E+04 6 0.00E+00 3 3.50E-01 3 1.0281 4 S,L 3.97E-01 1.20E+02 3 X
98953 Nitrobenzene 6.46E+01 1 7.60E-02 1 8.60E-06 1 2.09E+03 3 9.82E-04 3 2.39E-05 25 4.84E+02 1 7.19E+02 1 1.06E+04 1 0.00E+00 3 2.00E-03 3 1.20E+00 4 L 2.45E-01 1.23E+02 3

100414 Ethylbenzene 3.63E+02 1 7.50E-02 1 7.80E-06 1 1.69E+02 3 3.22E-01 3 7.86E-03 25 4.09E+02 1 6.17E+02 1 8.50E+03 1 0.00E+00 3 1.00E+00 3 8.67E-01 4 L 9.60E+00 1.06E+02 3
100425 Styrene 7.76E+02 1 7.10E-02 1 8.00E-06 1 3.10E+02 3 1.12E-01 3 2.74E-03 25 4.18E+02 1 6.36E+02 1 8.74E+03 1 0.00E+00 3 1.00E+00 3 9.06E-01 4 L 6.12E+00 1.04E+02 3
100447 Benzylchloride 6.14E+01 2 7.50E-02 2 7.80E-06 2 5.25E+02 3 1.70E-02 3 4.14E-04 25 452.00 4 685.00 8 8.77E+03 6 4.86E-05 3 0.00E+00 3 1.1004 4 L 1.31E+00 1.27E+02 3 X
100527 Benzaldehyde 4.59E+01 2 7.21E-02 2 9.07E-06 2 3.30E+03 3 9.73E-04 3 2.37E-05 25 452.00 4 695.00 4 1.17E+04 6 0.00E+00 3 3.50E-01 3 1.0415 4 L 9.00E-01 1.06E+02 3 X
103651 n-Propylbenzene 5.62E+02 2 6.01E-02 2 7.83E-06 2 6.00E+01 3 4.37E-01 3 1.07E-02 25 432.20 4 630.00 4 9.12E+03 8 0.00E+00 3 1.40E-01 3 0.862 4 L 2.50E+00 1.20E+02 3 X
104518 n-Butylbenzene 1.11E+03 2 5.70E-02 2 8.12E-06 2 2.00E+00 3 5.38E-01 3 1.31E-02 25 456.46 4 660.50 4 9.29E+03 4 0.00E+00 3 1.40E-01 3 0.8601 4 L 1.00E+00 1.34E+02 3 X
106423 p-Xylene 3.89E+02 1 7.69E-02 1 8.44E-06 1 1.85E+02 3 3.13E-01 3 7.64E-03 25 4.12E+02 1 6.16E+02 1 8.53E+03 1 0.00E+00 3 1.00E-01 3 8.61E-01 4 L 8.90E+00 1.06E+02 3
106467 1,4-Dichlorobenzene 6.17E+02 1 6.90E-02 1 7.90E-06 1 7.90E+01 3 9.82E-02 3 2.39E-03 25 4.47E+02 1 6.85E+02 1 9.27E+03 1 0.00E+00 3 8.00E-01 3 NA 4 S 1.00E+00 1.47E+02 3
106934 1,2-Dibromoethane (ethyle 2.50E+01 2 2.17E-02 2 1.19E-05 2 4.18E+03 3 3.04E-02 3 7.41E-04 25 404.60 4 583.00 4 8.31E+03 4 2.20E-04 3 2.00E-04 3 2.1791 4 L 1.33E+01 1.88E+02 3
106990 1,3-Butadiene 1.91E+01 2 2.49E-01 2 1.08E-05 2 7.35E+02 3 3.01E+00 3 7.34E-02 25 268.60 4 425.00 4 5.37E+03 4 3.00E-02 3 2.00E-03 3 0.29315 8 L 2.11E+03 5.41E+01 3
107028 Acrolein 2.76E+00 2 1.05E-01 2 1.22E-05 2 2.13E+05 3 4.99E-03 3 1.22E-04 25 325.60 4 506.00 8 6.73E+03 6 0.00E+00 3 2.00E-05 3 0.84 4 L 2.74E+02 5.61E+01 3
107062 1,2-Dichloroethane 1.74E+01 1 1.04E-01 1 9.90E-06 1 8.52E+03 3 4.00E-02 3 9.77E-04 25 3.57E+02 1 5.61E+02 1 7.64E+03 1 2.60E-05 3 0.00E+00 3 1.24E+00 4 L 7.89E+01 9.90E+01 3
107131 Acrylonitrile 5.90E+00 2 1.22E-01 2 1.34E-05 2 7.40E+04 3 4.21E-03 3 1.03E-04 25 350.30 4 519.00 6 7.79E+03 8 6.80E-05 3 2.00E-03 3 0.806 4 L 1.09E+02 5.31E+01 3
108054 Vinyl acetate 5.25E+00 1 8.50E-02 1 9.20E-06 1 2.00E+04 3 2.09E-02 3 5.10E-04 25 3.46E+02 1 5.19E+02 1 7.80E+03 1 0.00E+00 3 2.00E-01 3 9.32E-01 4 L 9.02E+01 8.61E+01 3
108101 Methylisobutylketone (4-m 9.06E+00 2 7.50E-02 2 7.80E-06 2 1.90E+04 3 5.64E-03 3 1.38E-04 25 389.50 4 571.00 4 8.24E+03 4 0.00E+00 3 3.00E+00 3 0.7978 4 L 1.99E+01 1.00E+02 3
108383 m-Xylene 4.07E+02 1 7.00E-02 1 7.80E-06 1 1.61E+02 3 3.00E-01 3 7.32E-03 25 4.12E+02 1 6.17E+02 1 8.52E+03 1 0.00E+00 3 1.00E-01 3 8.64E-01 4 L 8.45E+00 1.06E+02 3
108678 1,3,5-Trimethylbenzene 1.35E+03 2 6.02E-02 2 8.67E-06 2 2.00E+00 3 2.41E-01 3 5.87E-03 25 437.89 4 637.25 4 9.32E+03 6 0.00E+00 3 5.95E-03 3 0.8652 4 L 2.40E+00 1.20E+02 3
108872 Methylcyclohexane 7.85E+01 2 7.35E-02 2 8.52E-06 2 1.40E+01 3 4.22E+00 3 1.03E-01 25 373.90 4 572.20 4 7.47E+03 4 0.00E+00 3 3.01E+00 3 0.7694 4 L 4.30E+01 9.82E+01 3
108883 Toluene 1.82E+02 1 8.70E-02 1 8.60E-06 1 5.26E+02 3 2.72E-01 3 6.62E-03 25 3.84E+02 1 5.92E+02 1 7.93E+03 1 0.00E+00 3 4.00E-01 3 8.67E-01 4 L 2.84E+01 9.21E+01 3
108907 Chlorobenzene 2.19E+02 1 7.30E-02 1 8.70E-06 1 4.72E+02 3 1.51E-01 3 3.69E-03 25 4.05E+02 1 6.32E+02 1 8.41E+03 1 0.00E+00 3 5.95E-02 3 1.11E+00 4 L 1.20E+01 1.13E+02 3
109693 1-Chlorobutane 1.72E+01 2 8.26E-02 2 1.00E-05 2 1.10E+03 3 6.93E-01 3 1.69E-02 25 351.60 4 542.00 6 7.26E+03 4 0.00E+00 3 1.40E+00 3 0.8862 4 L 1.01E+02 9.26E+01 3 X
110009 Furan 1.86E+01 2 1.04E-01 2 1.22E-05 2 1.00E+04 3 2.21E-01 3 5.39E-03 25 304.60 4 490.20 4 6.48E+03 4 0.00E+00 3 3.50E-03 3 0.9514 4 L 6.00E+02 6.81E+01 3 X
110543 Hexane 4.34E+01 2 2.00E-01 2 7.77E-06 2 1.24E+01 3 6.82E+01 3 1.66E+00 25 341.70 4 508.00 4 6.90E+03 4 0.00E+00 3 2.00E-01 3 0.6548 4 L 1.51E+02 8.62E+01 3
111444 Bis(2-chloroethyl)ether 1.55E+01 1 6.92E-02 1 7.53E-06 1 1.72E+04 3 7.36E-04 3 1.80E-05 25 4.51E+02 1 6.60E+02 1 1.08E+04 1 3.30E-04 3 0.00E+00 3 1.22E+00 4 L 1.55E+00 1.43E+02 3
115297 Endosulfan 2.14E+03 1 1.15E-02 1 4.55E-06 1 5.10E-01 3 4.58E-04 3 1.12E-05 25 6.74E+02 1 9.43E+02 1 1.40E+04 1 0.00E+00 3 2.10E-02 3 NA 4 S 1.00E-05 4.07E+02 3 X
118741 Hexachlorobenzene 5.50E+04 1 5.42E-02 1 5.91E-06 1 5.00E-03 3 5.40E-02 3 1.32E-03 25 5.83E+02 1 8.25E+02 1 1.44E+04 1 4.60E-04 3 2.80E-03 3 NA 4 S 1.80E-05 2.85E+02 3 X
120821 1,2,4-Trichlorobenzene 1.78E+03 1 3.00E-02 1 8.23E-06 1 4.88E+01 3 5.81E-02 3 1.42E-03 25 4.86E+02 1 7.25E+02 1 1.05E+04 1 0.00E+00 3 4.00E-03 3 1.46E+00 4 L 4.31E-01 1.81E+02 3
123739 Crotonaldehyde (2-butena 4.82E+00 2 9.56E-02 2 1.07E-05 2 3.69E+04 3 7.99E-04 3 1.95E-05 25 375.20 4 568.00 7 8.62E+00 5 5.43E-04 3 0.00E+00 3 0.8516 4 L 7.81E+00 7.01E+01 3 X
124481 Chlorodibromomethane 6.31E+01 1 1.96E-02 1 1.05E-05 1 2.60E+03 3 3.20E-02 3 7.81E-04 25 4.16E+02 1 6.78E+02 1 5.90E+03 1 2.40E-05 3 7.00E-02 3 2.45E+00 4 L 4.90E+00 2.08E+02 3 X X
126987 Methacrylonitrile 3.58E+01 2 1.12E-01 2 1.32E-05 2 2.54E+04 3 1.01E-02 3 2.46E-04 25 363.30 4 554.00 8 7.60E+03 6 0.00E+00 3 7.00E-04 3 0.8001 4 L 7.12E+01 6.71E+01 3
126998 2-Chloro-1,3-butadiene (c 6.73E+01 2 8.58E-02 2 1.03E-05 2 2.12E+03 3 4.91E-01 3 1.20E-02 25 332.40 4 525.00 8 8.07E+03 7 0.00E+00 3 7.00E-03 3 0.956 4 L 2.18E+02 8.85E+01 3
127184 Tetrachloroethylene 1.55E+02 1 7.20E-02 1 8.20E-06 1 2.00E+02 3 7.53E-01 3 1.84E-02 25 3.94E+02 1 6.20E+02 1 8.29E+03 1 5.90E-06 3 6.00E-01 3 1.62E+00 4 L 1.86E+01 1.66E+02 3
129000 Pyrene 1.05E+05 1 2.72E-02 1 7.24E-06 1 1.35E+00 3 4.50E-04 3 1.10E-05 25 6.68E+02 1 9.36E+02 1 1.44E+04 1 0.00E+00 3 1.05E-01 3 NA 4 S 4.59E-06 2.02E+02 3 X
132649 Dibenzofuran 5.15E+03 2 2.38E-02 2 6.00E-06 2 3.10E+00 3 5.15E-04 3 1.26E-05 25 560.00 4 824.00 6 6.64E+04 6* 0.00E+00 3 1.40E-02 3 1.1679 8 S 1.80E-04 1.68E+02 3 X
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CAS No. Chemical

Organic 
Carbon 

Partition 
Coefficient

Diffusivity in 
Air

Diffusivity 
in Water

Pure 
Component 

Water 
Solubility

Henry's 
Law 

Constant

Henry's Law 
Constant at 
Reference 

Temperature

Henry's Law 
Constant 
Reference 

Temperature
Normal 

Boiling Point
Critical 

Temperature

Enthalpy of 
Vaporization at 

the Normal 
Boiling Point

Unit Risk 
Factor

Reference 
Concentration Density,

Physical 
State at 

soil Temp
Vapor 

Pressure
Molecular 

Weight
URF 

extrapolated
Rfc 

extrapolated
Koc Da Dw S H' H TR TB TC deltaHv,b URF RfC ri VP Mw

(cm3/g) (cm2/s) (cm2/s) (mg/L) (unitless) (atm-m3/mol) (oC) (oK) (oK) (cal/mol) (ug/m3)-1 (mg/m3) (g/cm3) (S,L,G) (mm Hg) (g/mole) (X) (X)

135988 sec-Butylbenzene 9.66E+02 2 5.70E-02 2 8.12E-06 2 3.94E+00 3 5.68E-01 3 1.39E-02 25 446.50 4 679.00 9 8.87E+04 8 0.00E+00 3 1.40E-01 3 0.8621 8 L 3.10E-01 1.34E+02 3 X
141786 Ethylacetate 6.44E+00 2 7.32E-02 2 9.70E-06 2 8.03E+04 3 5.64E-03 3 1.38E-04 25 350.26 4 523.30 4 7.63E+03 4 0.00E+00 3 3.15E+00 3 0.9003 4 L 9.37E+01 8.81E+01 3 X
156592 cis-1,2-Dichloroethylene 3.55E+01 1 7.36E-02 1 1.13E-05 1 3.50E+03 3 1.67E-01 3 4.07E-03 25 3.34E+02 1 5.44E+02 1 7.19E+03 1 0.00E+00 3 3.50E-02 3 1.28E+00 4 L 2.03E+02 9.69E+01 3 X
156605 trans-1,2-Dichloroethylene 5.25E+01 1 7.07E-02 1 1.19E-05 1 6.30E+03 3 3.84E-01 3 9.36E-03 25 3.21E+02 1 5.17E+02 1 6.72E+03 1 0.00E+00 3 7.00E-02 3 1.26E+00 4 L 3.33E+02 9.69E+01 3 X
205992 Benzo(b)fluoranthene 1.23E+06 1 2.26E-02 1 5.56E-06 1 1.50E-03 3 4.54E-03 3 1.11E-04 25 7.16E+02 1 9.69E+02 1 1.70E+04 1 2.09E-04 3 0.00E+00 3 NA 4 S 5.00E-07 2.52E+02 3 X
218019 Chrysene 3.98E+05 1 2.48E-02 1 6.21E-06 1 6.30E-03 3 3.87E-03 3 9.44E-05 25 7.14E+02 1 9.79E+02 1 1.65E+04 1 2.09E-06 3 0.00E+00 3 NA 4 S 6.23E-09 2.28E+02 3 X
309002 Aldrin 2.45E+06 1 1.32E-02 1 4.86E-06 1 1.70E-02 3 6.95E-03 3 1.70E-04 25 6.03E+02 1 8.39E+02 1 1.50E+04 1 4.90E-03 3 1.05E-04 3 NA 4 S 6.00E-06 3.65E+02 3 X
319846 alpha-HCH (alpha-BHC) 1.23E+03 1 1.42E-02 1 7.34E-06 1 2.00E+00 3 4.34E-04 3 1.06E-05 25 5.97E+02 1 8.39E+02 1 1.50E+04 1 1.80E-03 3 0.00E+00 3 NA 4 S 4.50E-05 2.91E+02 3
541731 1,3-Dichlorobenzene 1.98E+03 2 6.92E-02 2 7.86E-06 2 1.34E+02 3 1.27E-01 3 3.09E-03 25 446.00 4 684.00 8 9.23E+03 4 0.00E+00 3 1.05E-01 3 1.2884 4 L 2.15E+00 1.47E+02 3 X
542756 1,3-Dichloropropene 4.57E+01 1 6.26E-02 1 1.00E-05 1 2.80E+03 3 7.24E-01 3 1.77E-02 25 3.81E+02 1 5.87E+02 1 7.90E+03 1 4.00E-06 3 2.00E-02 3 1.22E+00 4 L 3.40E+01 1.11E+02 3
630206 1,1,1,2-Tetrachloroethane 1.16E+02 2 7.10E-02 2 7.90E-06 2 1.10E+03 3 9.90E-02 3 2.41E-03 25 4.04E+02 4 6.24E+02 6 9.77E+03 6 7.40E-06 3 1.05E-01 3 1.54E+00 4 L 1.20E+01 1.68E+02 3 X

1634044 MTBE 7.26E+00 2 1.02E-01 2 1.05E-05 2 5.10E+04 3 2.56E-02 3 6.23E-04 25 328.30 4 497.10 4 6.68E+03 4 0.00E+00 3 3.00E+00 3 0.7405 4 L 2.50E+02 8.82E+01 3
7439976 Mercury (elemental) 5.20E+01 1 3.07E-02 1 6.30E-06 1 2.00E+01 3 4.40E-01 3 1.07E-02 25 6.30E+02 1 1.75E+03 1 1.41E+04 1 0.00E+00 3 3.00E-04 3 1.35E+01 4 L 2.00E-03 2.01E+02 3

Sources:
1

2 Water9 Database
3 VI Draft Guidance, November 2002
4 CRC Handbook of Chemistry and Physics, 76th Edition
5 The Merck Index, 10th Edition
6

7 Weiss, G., Hazardous Chemicals Data Book, Second Edition. Noyes Data Corporation. 1986.
8 DECHEMA Web Datbase, March 2003

http://I-systems.dechema.de/
9

*

For density, highlighted values are taken at temperature other than 20oC.

For enthalpy of vaporization, highlighted values are enthalpy of vaporization at value other than normal boiling point.

User's Guide for the Johnson and Ettinger (1991) Model for Subsurface Vapor Intrusion Into 
Buildings (Revised), December, 2000

Hazardous Substances Data Bank, February 2003                                                                           
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB

Flexware Engineering Solutions for Industry, Properties of Various Gases
www.flexwareinc.com/gasprop.htm
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APPENDIX C

EXAMPLE WORKSHEETS FOR THE ADVANCED SOIL
CONTAMINATION MODEL



DATA ENTRY SHEET

CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box)

YES X
OR

CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)

YES

ENTER ENTER
Initial

Chemical soil
CAS No. conc.,

(numbers only, CR

no dashes) (µg/kg) Chemical

71432 Benzene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Depth Depth below Totals must add up to value of Lt (cell G28) Soil

below grade grade to bottom Thickness Thickness stratum A User-defined
Average to bottom Depth below of contamination, Thickness of soil of soil SCS stratum A

soil of enclosed grade to top (enter value of 0 of soil stratum B, stratum C, soil type soil vapor
temperature, space floor, of contamination, if value is unknown) stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

TS LF Lt Lb hA hB hC soil vapor kv

(oC) (cm) (cm) (cm) (cm) (cm) (cm) permeability) (cm2)

10 200 400 600 200 100 100 L

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C Stratum C

SCS soil dry soil total soil water-filled soil organic SCS soil dry soil total soil water-filled soil organic SCS soil dry soil total soil water-filled soil organic
soil type bulk density, porosity, porosity, carbon fraction, soil type bulk density, porosity, porosity, carbon fraction, soil type bulk density, porosity, porosity, carbon fraction,

ρb
A nA θw

A foc
A ρb

B nB θw
B foc

B ρb
C nC θw

C foc
C

(g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless)

L 1.59 0.399 0.148 0.002 L 1.59 0.399 0.148 0.002 S 1.66 0.375 0.054 0.002

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Enclosed Enclosed Enclosed Average vapor

space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.25 5

ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard

time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,

ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)

70 30 30 350 1.0E-06 1

Used to calculate risk-based
END soil concentration.

SL-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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CHEMICAL PROPERTIES SHEET

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit Physical

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference state at
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., soil

Da Dw H TR ∆Hv,b TB TC Koc S URF RfC temperature,

(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (cm3/g) (mg/L) (µg/m3)-1 (mg/m3) (S,L,G)

8.80E-02 9.80E-06 5.54E-03 25 7,342 353.24 562.16 5.89E+01 1.79E+03 7.8E-06 3.0E-02 L

END
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INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Initial soil Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam concentration ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, used, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack CR Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/kg) (cm3/s)

9.46E+08 200 0.251 0.251 0.321 0.257 1.85E-09 0.854 1.58E-09 4,000 1.00E+00 2.54E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion Convection
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld Lp

(cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm) (cm)

1.80E+06 2.22E-04 200 8,122 2.68E-03 1.15E-01 1.75E-04 5.54E-03 5.54E-03 1.42E-02 7.97E-03 200 200

Exponent of Infinite
Average Crack equivalent source Infinite Exposure

Soil-water Source vapor effective foundation indoor source Time for duration >
partition vapor Crack flow rate diffusion Area of Peclet attenuation bldg. Finite Finite source time for

coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., source source depletion, source
Kd Csource rcrack Qsoil Dcrack

Acrack exp(Pef) α Cbuilding β term ψ term τD depletion

(cm3/g) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (unitless) (sec)-1
(sec) (YES/NO)

1.18E-01 6.68E+02 0.10 8.33E+01 5.54E-03 4.00E+02 2.06E+163 NA NA 1.86E+00 8.02E-08 2.94E+07 YES

Finite
source Mass Finite Final
indoor limit source finite Unit

attenuation bldg. bldg. source bldg. risk Reference
coefficient, conc., conc., conc., factor, conc.,

<α> Cbuilding Cbuilding Cbuilding URF RfC

(unitless) (µg/m3) (µg/m3) (µg/m3) (µg/m3)-1 (mg/m3)

NA 2.49E-02 NA 2.49E-02 7.8E-06 3.0E-02

END
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RESULTS SHEET

RISK-BASED SOIL CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Final risk from quotient

exposure exposure indoor Soil indoor vapor from vapor
soil soil exposure saturation exposure intrusion to intrusion to

conc., conc., soil conc., soil indoor air, indoor air,
carcinogen noncarcinogen conc., Csat conc., carcinogen noncarcinogen

(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (unitless) (unitless)

1.26E+01 1.26E+03 1.26E+01 3.09E+05 1.26E+01 NA NA

MESSAGE AND ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

SCROLL
DOWN

TO "END"

END
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VLOOKUP TABLES

Soil Properties Lookup Table Bulk Density
SCS Soil Type Ks (cm/h) α1 (1/cm) N (unitless) M (unitless) n (cm3/cm3) θr (cm3/cm3) Mean Grain Diameter (cm) (g/cm3) θw (cm3/cm3) SCS Soil Name

C 0.61 0.01496 1.253 0.2019 0.459 0.098 0.0092 1.43 0.215 Clay
CL 0.34 0.01581 1.416 0.2938 0.442 0.079 0.016 1.48 0.168 Clay Loam
L 0.50 0.01112 1.472 0.3207 0.399 0.061 0.020 1.59 0.148 Loam
LS 4.38 0.03475 1.746 0.4273 0.390 0.049 0.040 1.62 0.076 Loamy Sand
S 26.78 0.03524 3.177 0.6852 0.375 0.053 0.044 1.66 0.054 Sand
SC 0.47 0.03342 1.208 0.1722 0.385 0.117 0.025 1.63 0.197 Sandy Clay
SCL 0.55 0.02109 1.330 0.2481 0.384 0.063 0.029 1.63 0.146 Sandy Clay Loam
SI 1.82 0.00658 1.679 0.4044 0.489 0.050 0.0046 1.35 0.167 Silt
SIC 0.40 0.01622 1.321 0.2430 0.481 0.111 0.0039 1.38 0.216 Silty Clay
SICL 0.46 0.00839 1.521 0.3425 0.482 0.090 0.0056 1.37 0.198 Silty Clay Loam
SIL 0.76 0.00506 1.663 0.3987 0.439 0.065 0.011 1.49 0.180 Silt Loam
SL 1.60 0.02667 1.449 0.3099 0.387 0.039 0.030 1.62 0.103 Sandy Loam

Chemical Properties Lookup Table
Organic Pure Henry's Henry's Enthalpy of
carbon component law constant law constant Normal vaporization at Unit Physical
partition Diffusivity Diffusivity water Henry's at reference reference boiling Critical the normal risk Reference state at

coefficient, in air, in water, solubility, law constant temperature, temperature, point, temperature, boiling point, factor, conc., soil URF RfC
Koc Da Dw S H' H TR TB TC ∆Hv,b URF RfC temperature, extrapolated extrapolated

CAS No. Chemical (cm3/g) (cm2/s) (cm2/s) (mg/L) (unitless) (atm-m3/mol) (oC) (oK) (oK) (cal/mol) (µg/m3)-1 (mg/m3) (S,L,G) (X) (X)

56235 Carbon tetrachloride 1.74E+02 7.80E-02 8.80E-06 7.93E+02 1.24E+00 3.03E-02 25 349.90 556.60 7,127 1.5E-05 0.0E+00 L
57749 Chlordane 1.20E+05 1.18E-02 4.37E-06 5.60E-02 1.99E-03 4.85E-05 25 624.24 885.73 14,000 1.0E-04 7.0E-04 S
58899 gamma-HCH (Lindane) 1.07E+03 1.42E-02 7.34E-06 7.30E+00 5.73E-04 1.40E-05 25 596.55 839.36 15,000 3.7E-04 1.1E-03 S X X
60297 Ethyl ether 5.73E+00 7.82E-02 8.61E-06 5.68E+04 1.35E+00 3.29E-02 25 307.50 466.74 6,338 0.0E+00 7.0E-01 L X
60571 Dieldrin 2.14E+04 1.25E-02 4.74E-06 1.95E-01 6.18E-04 1.51E-05 25 613.32 842.25 17,000 4.6E-03 1.8E-04 S X
67641 Acetone 5.75E-01 1.24E-01 1.14E-05 1.00E+06 1.59E-03 3.87E-05 25 329.20 508.10 6,955 0.0E+00 3.5E-01 L X
67663 Chloroform 3.98E+01 1.04E-01 1.00E-05 7.92E+03 1.50E-01 3.66E-03 25 334.32 536.40 6,988 2.3E-05 0.0E+00 L
67721 Hexachloroethane 1.78E+03 2.50E-03 6.80E-06 5.00E+01 1.59E-01 3.88E-03 25 458.00 695.00 9,510 4.0E-06 3.5E-03 S X
71432 Benzene 5.89E+01 8.80E-02 9.80E-06 1.79E+03 2.27E-01 5.54E-03 25 353.24 562.16 7,342 7.8E-06 3.0E-02 L
71556 1,1,1-Trichloroethane 1.10E+02 7.80E-02 8.80E-06 1.33E+03 7.03E-01 1.72E-02 25 347.24 545.00 7,136 0.0E+00 2.2E+00 L
72435 Methoxychlor 9.77E+04 1.56E-02 4.46E-06 1.00E-01 6.46E-04 1.58E-05 25 651.02 848.49 16,000 0.0E+00 1.8E-02 S X
72559 DDE 4.47E+06 1.44E-02 5.87E-06 1.20E-01 8.59E-04 2.09E-05 25 636.44 860.38 15,000 9.7E-05 0.0E+00 S X
74839 Methyl bromide 1.05E+01 7.28E-02 1.21E-05 1.52E+04 2.55E-01 6.22E-03 25 276.71 467.00 5,714 0.0E+00 5.0E-03 G
74873 Methyl chloride (chloromethane) 2.12E+00 1.26E-01 6.50E-06 5.33E+03 3.61E-01 8.80E-03 25 249.00 416.25 5,115 1.0E-06 9.0E-02 L
74908 Hydrogen cyanide 3.80E+00 1.93E-01 2.10E-05 1.00E+06 5.44E-03 1.33E-04 25 299.00 456.70 6,676 0.0E+00 3.0E-03 L
74953 Methylene  bromide 1.26E+01 4.30E-02 8.44E-06 1.19E+04 3.52E-02 8.59E-04 25 370.00 583.00 7,868 0.0E+00 3.5E-02 L X
75003 Chloroethane (ethyl chloride) 4.40E+00 2.71E-01 1.15E-05 5.68E+03 3.61E-01 8.80E-03 25 285.30 460.40 5,879 8.3E-07 1.0E+01 L X
75014 Vinyl chloride (chloroethene) 1.86E+01 1.06E-01 1.23E-05 8.80E+03 1.10E+00 2.69E-02 25 259.25 432.00 5,250 8.8E-06 1.0E-01 G
75058 Acetonitrile 4.20E+00 1.28E-01 1.66E-05 1.00E+06 1.42E-03 3.45E-05 25 354.60 545.50 7,110 0.0E+00 6.0E-02 L
75070 Acetaldehyde 1.06E+00 1.24E-01 1.41E-05 1.00E+06 3.23E-03 7.87E-05 25 293.10 466.00 6,157 2.2E-06 9.0E-03 L
75092 Methylene chloride 1.17E+01 1.01E-01 1.17E-05 1.30E+04 8.96E-02 2.18E-03 25 313.00 510.00 6,706 4.7E-07 3.0E+00 L
75150 Carbon disulfide 4.57E+01 1.04E-01 1.00E-05 1.19E+03 1.24E+00 3.02E-02 25 319.00 552.00 6,391 0.0E+00 7.0E-01 L
75218 Ethylene oxide 1.33E+00 1.04E-01 1.45E-05 3.04E+05 2.27E-02 5.54E-04 25 283.60 469.00 6,104 1.0E-04 0.0E+00 L
75252 Bromoform 8.71E+01 1.49E-02 1.03E-05 3.10E+03 2.41E-02 5.88E-04 25 422.35 696.00 9,479 1.1E-06 7.0E-02 L X
75274 Bromodichloromethane 5.50E+01 2.98E-02 1.06E-05 6.74E+03 6.54E-02 1.60E-03 25 363.15 585.85 7,800 1.8E-05 7.0E-02 L X X
75296 2-Chloropropane 9.14E+00 8.88E-02 1.01E-05 3.73E+03 5.93E-01 1.45E-02 25 308.70 485.00 6,286 0.0E+00 1.0E-01 L
75343 1,1-Dichloroethane 3.16E+01 7.42E-02 1.05E-05 5.06E+03 2.30E-01 5.61E-03 25 330.55 523.00 6,895 0.0E+00 5.0E-01 L
75354 1,1-Dichloroethylene 5.89E+01 9.00E-02 1.04E-05 2.25E+03 1.07E+00 2.60E-02 25 304.75 576.05 6,247 0.0E+00 2.0E-01 L
75456 Chlorodifluoromethane 4.79E+01 1.01E-01 1.28E-05 2.00E+00 1.10E+00 2.70E-02 25 232.40 369.30 4,836 0.0E+00 5.0E+01 L
75694 Trichlorofluoromethane 4.97E+02 8.70E-02 9.70E-06 1.10E+03 3.97E+00 9.68E-02 25 296.70 471.00 5,999 0.0E+00 7.0E-01 L
75718 Dichlorodifluoromethane 4.57E+02 6.65E-02 9.92E-06 2.80E+02 1.40E+01 3.42E-01 25 243.20 384.95 9,421 0.0E+00 2.0E-01 L
76131 1,1,2-Trichloro-1,2,2-trifluoroethan 1.11E+04 7.80E-02 8.20E-06 1.70E+02 1.97E+01 4.80E-01 25 320.70 487.30 6,463 0.0E+00 3.0E+01 L
76448 Heptachlor 1.41E+06 1.12E-02 5.69E-06 1.80E-01 6.05E+01 1.48E+00 25 603.69 846.31 13,000 1.3E-03 1.8E-03 S X
77474 Hexachlorocyclopentadiene 2.00E+05 1.61E-02 7.21E-06 1.80E+00 1.10E+00 2.69E-02 25 512.15 746.00 10,931 0.0E+00 2.0E-04 L
78831 Isobutanol 2.59E+00 8.60E-02 9.30E-06 8.50E+04 4.83E-04 1.18E-05 25 381.04 547.78 10,936 0.0E+00 1.1E+00 L X
78875 1,2-Dichloropropane 4.37E+01 7.82E-02 8.73E-06 2.80E+03 1.15E-01 2.79E-03 25 369.52 572.00 7,590 1.9E-05 4.0E-03 L X
78933 Methylethylketone (2-butanone) 2.30E+00 8.08E-02 9.80E-06 2.23E+05 2.29E-03 5.58E-05 25 352.50 536.78 7,481 0.0E+00 5.0E+00 L
79005 1,1,2-Trichloroethane 5.01E+01 7.80E-02 8.80E-06 4.42E+03 3.73E-02 9.11E-04 25 386.15 602.00 8,322 1.6E-05 1.4E-02 L X
79016 Trichloroethylene 1.66E+02 7.90E-02 9.10E-06 1.47E+03 4.21E-01 1.03E-02 25 360.36 544.20 7,505 1.1E-04 4.0E-02 L X
79209 Methyl acetate 3.26E+00 1.04E-01 1.00E-05 2.00E+03 4.84E-03 1.18E-04 25 329.80 506.70 7,260 0.0E+00 3.5E+00 L X
79345 1,1,2,2-Tetrachloroethane 9.33E+01 7.10E-02 7.90E-06 2.96E+03 1.41E-02 3.44E-04 25 419.60 661.15 8,996 5.8E-05 2.1E-01 L X
79469 2-Nitropropane 1.17E+01 9.23E-02 1.01E-05 1.70E+04 5.03E-03 1.23E-04 25 393.20 594.00 8,383 2.7E-03 2.0E-02 L
80626 Methylmethacrylate 6.98E+00 7.70E-02 8.60E-06 1.50E+04 1.38E-02 3.36E-04 25 373.50 567.00 8,975 0.0E+00 7.0E-01 L
83329 Acenaphthene 7.08E+03 4.21E-02 7.69E-06 3.57E+00 6.34E-03 1.55E-04 25 550.54 803.15 12,155 0.0E+00 2.1E-01 S X
86737 Fluorene 1.38E+04 3.63E-02 7.88E-06 1.98E+00 2.60E-03 6.34E-05 25 570.44 870.00 12,666 0.0E+00 1.4E-01 S X
87683 Hexachloro-1,3-butadiene 5.37E+04 5.61E-02 6.16E-06 3.20E+00 3.33E-01 8.13E-03 25 486.15 738.00 10,206 2.2E-05 7.0E-04 L X
88722 o-Nitrotoluene 3.24E+02 5.87E-02 8.67E-06 6.50E+02 5.11E-04 1.25E-05 25 495.00 720.00 12,239 0.0E+00 3.5E-02 L X
91203 Naphthalene 2.00E+03 5.90E-02 7.50E-06 3.10E+01 1.98E-02 4.82E-04 25 491.14 748.40 10,373 0.0E+00 3.0E-03 S
91576 2-Methylnaphthalene 2.81E+03 5.22E-02 7.75E-06 2.46E+01 2.12E-02 5.17E-04 25 514.26 761.00 12,600 0.0E+00 7.0E-02 S X
92524 Biphenyl 4.38E+03 4.04E-02 8.15E-06 7.45E+00 1.23E-02 2.99E-04 25 529.10 789.00 10,890 0.0E+00 1.8E-01 S X
95476 o-Xylene 3.63E+02 8.70E-02 1.00E-05 1.78E+02 2.12E-01 5.18E-03 25 417.60 630.30 8,661 0.0E+00 1.0E-01 L X
95501 1,2-Dichlorobenzene 6.17E+02 6.90E-02 7.90E-06 1.56E+02 7.77E-02 1.90E-03 25 453.57 705.00 9,700 0.0E+00 2.0E-01 L
95578 2-Chlorophenol 3.88E+02 5.01E-02 9.46E-06 2.20E+04 1.60E-02 3.90E-04 25 447.53 675.00 9,572 0.0E+00 1.8E-02 L X
95636 1,2,4-Trimethylbenzene 1.35E+03 6.06E-02 7.92E-06 5.70E+01 2.52E-01 6.14E-03 25 442.30 649.17 9,369 0.0E+00 6.0E-03 L
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96184 1,2,3-Trichloropropane 2.20E+01 7.10E-02 7.90E-06 1.75E+03 1.67E-02 4.08E-04 25 430.00 652.00 9,171 5.7E-04 4.9E-03 L X
96333 Methyl acrylate 4.53E+00 9.76E-02 1.02E-05 6.00E+04 7.68E-03 1.87E-04 25 353.70 536.00 7,749 0.0E+00 1.1E-01 L X
97632 Ethylmethacrylate 2.95E+01 6.53E-02 8.37E-06 3.67E+03 3.44E-02 8.40E-04 25 390.00 571.00 10,957 0.0E+00 3.2E-01 L X
98066 tert-Butylbenzene 7.71E+02 5.65E-02 8.02E-06 2.95E+01 4.87E-01 1.19E-02 25 442.10 1220.00 8,980 0.0E+00 1.4E-01 L X
98828 Cumene 4.89E+02 6.50E-02 7.10E-06 6.13E+01 4.74E+01 1.46E-02 25 425.56 631.10 10,335 0.0E+00 4.0E-01 L
98862 Acetophenone 5.77E+01 6.00E-02 8.73E-06 6.13E+03 4.38E-04 1.07E-05 25 475.00 709.50 11,732 0.0E+00 3.5E-01 S,L X
98953 Nitrobenzene 6.46E+01 7.60E-02 8.60E-06 2.09E+03 9.82E-04 2.39E-05 25 483.95 719.00 10,566 0.0E+00 2.0E-03 L

100414 Ethylbenzene 3.63E+02 7.50E-02 7.80E-06 1.69E+02 3.22E-01 7.86E-03 25 409.34 617.20 8,501 0.0E+00 1.0E+00 L
100425 Styrene 7.76E+02 7.10E-02 8.00E-06 3.10E+02 1.12E-01 2.74E-03 25 418.31 636.00 8,737 0.0E+00 1.0E+00 L
100447 Benzylchloride 6.14E+01 7.50E-02 7.80E-06 5.25E+02 1.70E-02 4.14E-04 25 452.00 685.00 8,773 4.9E-05 0.0E+00 L X
100527 Benzaldehyde 4.59E+01 7.21E-02 9.07E-06 3.30E+03 9.73E-04 2.37E-05 25 452.00 695.00 11,658 0.0E+00 3.5E-01 L X
103651 n-Propylbenzene 5.62E+02 6.01E-02 7.83E-06 6.00E+01 4.37E-01 1.07E-02 25 432.20 630.00 9,123 0.0E+00 1.4E-01 L X
104518 n-Butylbenzene 1.11E+03 5.70E-02 8.12E-06 2.00E+00 5.38E-01 1.31E-02 25 456.46 660.50 9,290 0.0E+00 1.4E-01 L X
106423 p-Xylene 3.89E+02 7.69E-02 8.44E-06 1.85E+02 3.13E-01 7.64E-03 25 411.52 616.20 8,525 0.0E+00 1.0E-01 L X
106467 1,4-Dichlorobenzene 6.17E+02 6.90E-02 7.90E-06 7.90E+01 9.82E-02 2.39E-03 25 447.21 684.75 9,271 0.0E+00 8.0E-01 S
106934 1,2-Dibromoethane (ethylene dibro 2.50E+01 2.17E-02 1.19E-05 4.18E+03 3.04E-02 7.41E-04 25 404.60 583.00 8,310 2.2E-04 2.0E-04 L
106990 1,3-Butadiene 1.91E+01 2.49E-01 1.08E-05 7.35E+02 3.01E+00 7.34E-02 25 268.60 425.00 5,370 3.0E-02 2.0E-03 L
107028 Acrolein 2.76E+00 1.05E-01 1.22E-05 2.13E+05 4.99E-03 1.22E-04 25 325.60 506.00 6,731 0.0E+00 2.0E-05 L
107062 1,2-Dichloroethane 1.74E+01 1.04E-01 9.90E-06 8.52E+03 4.00E-02 9.77E-04 25 356.65 561.00 7,643 2.6E-05 0.0E+00 L
107131 Acrylonitrile 5.90E+00 1.22E-01 1.34E-05 7.40E+04 4.21E-03 1.03E-04 25 350.30 519.00 7,786 6.8E-05 2.0E-03 L
108054 Vinyl acetate 5.25E+00 8.50E-02 9.20E-06 2.00E+04 2.09E-02 5.10E-04 25 345.65 519.13 7,800 0.0E+00 2.0E-01 L
108101 Methylisobutylketone (4-methyl-2-p 9.06E+00 7.50E-02 7.80E-06 1.90E+04 5.64E-03 1.38E-04 25 389.50 571.00 8,243 0.0E+00 3.0E+00 L
108383 m-Xylene 4.07E+02 7.00E-02 7.80E-06 1.61E+02 3.00E-01 7.32E-03 25 412.27 617.05 8,523 0.0E+00 1.0E-01 L X
108678 1,3,5-Trimethylbenzene 1.35E+03 6.02E-02 8.67E-06 2.00E+00 2.41E-01 5.87E-03 25 437.89 637.25 9,321 0.0E+00 6.0E-03 L
108872 Methylcyclohexane 7.85E+01 7.35E-02 8.52E-06 1.40E+01 4.22E+00 1.03E-01 25 373.90 572.20 7,474 0.0E+00 3.0E+00 L
108883 Toluene 1.82E+02 8.70E-02 8.60E-06 5.26E+02 2.72E-01 6.62E-03 25 383.78 591.79 7,930 0.0E+00 4.0E-01 L
108907 Chlorobenzene 2.19E+02 7.30E-02 8.70E-06 4.72E+02 1.51E-01 3.69E-03 25 404.87 632.40 8,410 0.0E+00 6.0E-02 L
109693 1-Chlorobutane 1.72E+01 8.26E-02 1.00E-05 1.10E+03 6.93E-01 1.69E-02 25 351.60 542.00 7,263 0.0E+00 1.4E+00 L X
110009 Furan 1.86E+01 1.04E-01 1.22E-05 1.00E+04 2.21E-01 5.39E-03 25 304.60 490.20 6,477 0.0E+00 3.5E-03 L X
110543 Hexane 4.34E+01 2.00E-01 7.77E-06 1.24E+01 6.82E+01 1.66E+00 25 341.70 508.00 6,895 0.0E+00 2.0E-01 L
111444 Bis(2-chloroethyl)ether 1.55E+01 6.92E-02 7.53E-06 1.72E+04 7.36E-04 1.80E-05 25 451.15 659.79 10,803 3.3E-04 0.0E+00 L
115297 Endosulfan 2.14E+03 1.15E-02 4.55E-06 5.10E-01 4.58E-04 1.12E-05 25 674.43 942.94 14,000 0.0E+00 2.1E-02 S X
118741 Hexachlorobenzene 5.50E+04 5.42E-02 5.91E-06 5.00E-03 5.40E-02 1.32E-03 25 582.55 825.00 14,447 4.6E-04 2.8E-03 S X
120821 1,2,4-Trichlorobenzene 1.78E+03 3.00E-02 8.23E-06 4.88E+01 5.81E-02 1.42E-03 25 486.15 725.00 10,471 0.0E+00 4.0E-03 L
123739 Crotonaldehyde (2-butenal) 4.82E+00 9.56E-02 1.07E-05 3.69E+04 7.99E-04 1.95E-05 25 375.20 568.00 9 5.4E-04 0.0E+00 L X
124481 Chlorodibromomethane 6.31E+01 1.96E-02 1.05E-05 2.60E+03 3.20E-02 7.81E-04 25 416.14 678.20 5,900 2.4E-05 7.0E-02 L X X
126987 Methacrylonitrile 3.58E+01 1.12E-01 1.32E-05 2.54E+04 1.01E-02 2.46E-04 25 363.30 554.00 7,600 0.0E+00 7.0E-04 L
126998 2-Chloro-1,3-butadiene (chloropre 6.73E+01 8.58E-02 1.03E-05 2.12E+03 4.91E-01 1.20E-02 25 332.40 525.00 8,075 0.0E+00 7.0E-03 L
127184 Tetrachloroethylene 1.55E+02 7.20E-02 8.20E-06 2.00E+02 7.53E-01 1.84E-02 25 394.40 620.20 8,288 5.9E-06 6.0E-01 L
129000 Pyrene 1.05E+05 2.72E-02 7.24E-06 1.35E+00 4.50E-04 1.10E-05 25 667.95 936 14370 0.0E+00 1.1E-01 S X
132649 Dibenzofuran 5.15E+03 2.38E-02 6.00E-06 3.10E+00 5.15E-04 1.26E-05 25 560 824 66400 0.0E+00 1.4E-02 S X
135988 sec-Butylbenzene 9.66E+02 5.70E-02 8.12E-06 3.94E+00 5.68E-01 1.39E-02 25 446.5 679 88730 0.0E+00 1.4E-01 L X
141786 Ethylacetate 6.44E+00 7.32E-02 9.70E-06 8.03E+04 5.64E-03 1.38E-04 25 350.26 523.3 7633.66 0.0E+00 3.2E+00 L X
156592 cis-1,2-Dichloroethylene 3.55E+01 7.36E-02 1.13E-05 3.50E+03 1.67E-01 4.07E-03 25 333.65 544 7192 0.0E+00 3.5E-02 L X
156605 trans-1,2-Dichloroethylene 5.25E+01 7.07E-02 1.19E-05 6.30E+03 3.84E-01 9.36E-03 25 320.85 516.5 6717 0.0E+00 7.0E-02 L X
205992 Benzo(b)fluoranthene 1.23E+06 2.26E-02 5.56E-06 1.50E-03 4.54E-03 1.11E-04 25 715.9 969.27 17000 2.1E-04 0.0E+00 S X
218019 Chrysene 3.98E+05 2.48E-02 6.21E-06 6.30E-03 3.87E-03 9.44E-05 25 714.15 979 16455 2.1E-06 0.0E+00 S X
309002 Aldrin 2.45E+06 1.32E-02 4.86E-06 1.70E-02 6.95E-03 1.70E-04 25 603.01 839.37 15000 4.9E-03 1.1E-04 S X
319846 alpha-HCH (alpha-BHC) 1.23E+03 1.42E-02 7.34E-06 2.00E+00 4.34E-04 1.06E-05 25 596.55 839.36 15000 1.8E-03 0.0E+00 S
541731 1,3-Dichlorobenzene 1.98E+03 6.92E-02 7.86E-06 1.34E+02 1.27E-01 3.09E-03 25 446 684 9230.18 0.0E+00 1.1E-01 L X
542756 1,3-Dichloropropene 4.57E+01 6.26E-02 1.00E-05 2.80E+03 7.24E-01 1.77E-02 25 381.15 587.38 7900 4.0E-06 2.0E-02 L
630206 1,1,1,2-Tetrachloroethane 1.16E+02 7.10E-02 7.90E-06 1.10E+03 9.90E-02 2.41E-03 25 403.5 624 9768.282525 7.4E-06 1.1E-01 L X

1634044 MTBE 7.26E+00 1.02E-01 1.05E-05 5.10E+04 2.56E-02 6.23E-04 25 328.3 497.1 6677.66 0.0E+00 3.0E+00 L
7439976 Mercury (elemental) 5.20E+01 3.07E-02 6.30E-06 2.00E+01 4.40E-01 1.07E-02 25 629.88 1750 14127 0.0E+00 3.0E-04 L
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APPENDIX D

SAMPLE DATA ENTRY SHEETS FOR EACH MODEL



DATA ENTRY SHEET

CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box)

YES X

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)

YES

ENTER ENTER
Initial

Chemical soil
CAS No. conc.,

(numbers only, CR

no dashes) (µg/kg) Chemical

71432 Benzene

ENTER ENTER ENTER ENTER ENTER
MORE Depth

below grade Vadose zone User-defined
to bottom Depth below Average SCS vadose zone

of enclosed grade to top soil soil type soil vapor
space floor, of contamination, temperature, (used to estimate OR permeability,

LF Lt TS soil vapor kv

(15 or 200 cm) (cm) (oC) permeability) (cm2)

200 400 10 SCL

ENTER ENTER ENTER ENTER ENTER ENTER
MORE Vandose zone Vadose zone Vadose zone Vadose zone Vadose zone Average vapor

SCS soil dry soil total soil water-filled soil organic flow rate into bldg.
soil type bulk density, porosity, porosity, carbon fraction, (Leave blank to calculate)

ρb
A nV θw

V foc
V Qsoil

(g/cm3) (unitless) (cm3/cm3) (unitless) (L/m)

SCL 1.63 0.384 0.146 0.002 5

ENTER ENTER ENTER ENTER ENTER ENTER
MORE Averaging Averaging Target Target hazard

time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,

ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)

70 30 30 350 1.0E-06 1

Used to calculate risk-based
END soil concentration.

SL-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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DATA ENTRY SHEET

CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box)

YES X
OR

CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)

YES

ENTER ENTER
Initial

Chemical soil
CAS No. conc.,

(numbers only, CR

no dashes) (µg/kg) Chemical

71432 Benzene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Depth Depth below Totals must add up to value of Lt (cell G28) Soil

below grade grade to bottom Thickness Thickness stratum A User-defined
Average to bottom Depth below of contamination, Thickness of soil of soil SCS stratum A

soil of enclosed grade to top (enter value of 0 of soil stratum B, stratum C, soil type soil vapor
temperature, space floor, of contamination, if value is unknown) stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

TS LF Lt Lb hA hB hC soil vapor kv

(oC) (cm) (cm) (cm) (cm) (cm) (cm) permeability) (cm2)

10 200 400 600 200 100 100 L

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C Stratum C

SCS soil dry soil total soil water-filled soil organic SCS soil dry soil total soil water-filled soil organic SCS soil dry soil total soil water-filled soil organic
soil type bulk density, porosity, porosity, carbon fraction, soil type bulk density, porosity, porosity, carbon fraction, soil type bulk density, porosity, porosity, carbon fraction,

ρb
A nA θw

A foc
A ρb

B nB θw
B foc

B ρb
C nC θw

C foc
C

(g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless)

L 1.59 0.399 0.148 0.002 L 1.59 0.399 0.148 0.002 S 1.66 0.375 0.054 0.002

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Enclosed Enclosed Enclosed Average vapor

space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.25 5

ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard

time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,

ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)

70 30 30 350 1.0E-06 1

Used to calculate risk-based
END soil concentration.

SL-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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DATA ENTRY SHEET

ENTER ENTER ENTER
Soil Soil

Chemical gas OR gas
CAS No. conc., conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Chemical

71432 2.00E+01 Benzene

ENTER ENTER ENTER ENTER ENTER
Depth

MORE below grade Soil gas Vadose zone User-defined
to bottom sampling Average SCS vadose zone

of enclosed depth soil soil type soil vapor
space floor, below grade, temperature, (used to estimate OR permeability,

LF Ls TS soil vapor kv

(15 or 200 cm) (cm) (oC) permeability) (cm2)

200 400 10 L

ENTER ENTER ENTER ENTER ENTER
MORE Vandose zone Vadose zone Vadose zone Vadose zone Average vapor

SCS soil dry soil total soil water-filled flow rate into bldg.
soil type bulk density, porosity, porosity, (Leave blank to calculate)

ρb
A nV θw

V Qsoil

(g/cm3) (unitless) (cm3/cm3) (L/m)

L 1.59 0.399 0.148 5

MORE
ENTER ENTER ENTER ENTER

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

Soil Gas Concentration Data

SG-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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DATA ENTRY SHEET

ENTER ENTER ENTER
Soil Soil

Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Chemical

71432 Benzene

Enter soil gas concentration above.
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER

MORE Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

200 400 10 200 100 100 L

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C

SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

L 1.59 0.399 0.148 L 1.59 0.399 0.148 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.25 5

ENTER ENTER ENTER ENTER
Averaging Averaging

time for time for Exposure Exposure
carcinogens, noncarcinogens, duration, frequency,

ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES X

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L)

71432 Benzene

ENTER ENTER ENTER ENTER
MORE Depth

below grade Average ENTER
to bottom Depth soil/ Average vapor

of enclosed below grade SCS groundwater flow rate into bldg.
space floor, to water table, soil type temperature, (Leave blank to calculate)

LF LWT directly above TS Qsoil

(cm) (cm) water table (oC) (L/m)

200 400 SC 10 5

MORE

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER ENTER

SCS vandose zone Vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor SCS soil dry soil total soil water-filled

(used to estimate OR permeability, soil type bulk density, porosity, porosity,

soil vapor kv ρb
V nV θw

V

permeability) (cm2) (g/cm3) (unitless) (cm3/cm3)

SCL SCL 1.63 0.384 0.146

MORE
ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATC ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 1 70 30 30 350

Used to calculate risk-based
groundwater concentration.

Chemical

GW-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES X

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L) Chemical

71432 Benzene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell G28) Soil

MORE Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A

groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,

TS LF LWT hA hB hC water table, directly above soil vapor kv

(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)

10 200 400 300 50 50 C SC L

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C

SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

L 1.59 0.399 0.148 L 1.59 0.399 0.148 SC 1.63 0.385 0.197

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Enclosed Enclosed Enclosed Average vapor

space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.25 5

MORE ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard

time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,

ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)

70 30 30 350 1.0E-06 1

Used to calculate risk-based
END groundwater concentration.

GW-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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General UCL Statistics for Data Sets with Non-Detects
User Selected Options
From File   WorkSheet.wst
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

Benzene Soil Vapor 0-10 ft

General Statistics
Number of Valid Data 460 Number of Detected Data 318
Number of Distinct Detected Data 158 Number of Non-Detect Data 142

Percent Non-Detects 30.87%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.3 Minimum Detected -1.204
Maximum Detected 3800000 Maximum Detected 15.15
Mean of Detected 19524 Mean of Detected 2.447
SD of Detected 218039 SD of Detected 3.301
Minimum Non-Detect 0.16 Minimum Non-Detect -1.833
Maximum Non-Detect 51 Maximum Non-Detect 3.932

Note: Data have multiple DLs - Use of KM Method is recommendedNumber treated as Non-Detect 393
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 67
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 85.43%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Lilliefors Test Statistic 0.464 Lilliefors Test Statistic 0.189
5% Lilliefors Critical Value 0.0497 5% Lilliefors Critical Value 0.0497
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 13497 Mean 1.192
SD 181425 SD 3.358
   95% DL/2 (t) UCL 27439    95%  H-Stat (DL/2) UCL 779.4

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE yields a negative mean Mean in Log Scale 0.239

SD in Log Scale 4.422
Mean in Original Scale 13497
SD in Original Scale 181425
   95% Percentile Bootstrap UCL 29257
   95% BCA Bootstrap UCL 40170

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected) 0.109 Data do not follow a Discernable Distribution (0.05)
Theta Star 178711
nu star 69.48

A-D Test Statistic 66.25 Nonparametric Statistics
5% A-D Critical Value 1.171 Kaplan-Meier (KM) Method
K-S Test Statistic 1.171 Mean 13497
5% K-S Critical Value 0.0614 SD 181227
Data not Gamma Distributed at 5% Significance Level SE of Mean 8463

   95% KM (t) UCL 27446
Assuming Gamma Distribution    95% KM (z) UCL 27418
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 27439
Minimum 1.00E-09    95% KM (bootstrap t) UCL 86252
Maximum 3800000    95% KM (BCA) UCL 29895
Mean 13497    95% KM (Percentile Bootstrap) UCL 29993
Median 1.2 95% KM (Chebyshev) UCL 50387
SD 181425 97.5% KM (Chebyshev) UCL 66349
k star 0.0615 99% KM (Chebyshev) UCL 97704
Theta star 219410
Nu star 56.59 Potential UCLs to Use
AppChi2 40.3  97.5% KM (Chebyshev) UCL 66349
   95% Gamma Approximate UCL 18953
   95% Adjusted Gamma UCL 18973
Note: DL/2 is not a recommended method.



General UCL Statistics for Data Sets with Non-Detects
User Selected Options
From File   WorkSheet_a.wst
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

Benzene Soil Vapor 0-5 ft

General Statistics
Number of Valid Data 459 Number of Detected Data 317
Number of Distinct Detected Data 157 Number of Non-Detect Data 142

Percent Non-Detects 30.94%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.3 Minimum Detected -1.204
Maximum Detected 3800000 Maximum Detected 15.15
Mean of Detected 19144 Mean of Detected 2.417
SD of Detected 218278 SD of Detected 3.263
Minimum Non-Detect 0.16 Minimum Non-Detect -1.833
Maximum Non-Detect 51 Maximum Non-Detect 3.932

Note: Data have multiple DLs - Use of KM Method is recommendedNumber treated as Non-Detect 393
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 66
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 85.62%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Lilliefors Test Statistic 0.466 Lilliefors Test Statistic 0.188
5% Lilliefors Critical Value 0.0498 5% Lilliefors Critical Value 0.0498
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 13222 Mean 1.169
SD 181526 SD 3.325
   95% DL/2 (t) UCL 27187    95%  H-Stat (DL/2) UCL 677.8

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE yields a negative mean Mean in Log Scale 0.229

SD in Log Scale 4.375
Mean in Original Scale 13222
SD in Original Scale 181526
   95% Percentile Bootstrap UCL 29730
   95% BCA Bootstrap UCL 46768

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected) 0.109 Data do not follow a Discernable Distribution (0.05)
Theta Star 175431
nu star 69.19

A-D Test Statistic 66.8 Nonparametric Statistics
5% A-D Critical Value 1.171 Kaplan-Meier (KM) Method
K-S Test Statistic 1.171 Mean 13222
5% K-S Critical Value 0.0614 SD 181328
Data not Gamma Distributed at 5% Significance Level SE of Mean 8477

   95% KM (t) UCL 27193
Assuming Gamma Distribution    95% KM (z) UCL 27165
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 27187
Minimum 1.00E-09    95% KM (bootstrap t) UCL 92134
Maximum 3800000    95% KM (BCA) UCL 29465
Mean 13222    95% KM (Percentile Bootstrap) UCL 29582
Median 1.2 95% KM (Chebyshev) UCL 50172
SD 181526 97.5% KM (Chebyshev) UCL 66161
k star 0.0615 99% KM (Chebyshev) UCL 97567
Theta star 215129
Nu star 56.42 Potential UCLs to Use
AppChi2 40.16  97.5% KM (Chebyshev) UCL 66161
   95% Gamma Approximate UCL 18577
   95% Adjusted Gamma UCL 18597
Note: DL/2 is not a recommended method.
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DATA ENTRY SHEET

1 of 1

ENTER ENTER ENTER
Soil Soil

Chemical gas OR gas
CAS No. conc., conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Chemical

71432 6.62E+04 Benzene

ENTER ENTER ENTER ENTER ENTER
Depth

MORE below grade Soil gas Vadose zone User-defined
 to bottom sampling Average SCS vadose zone

of enclosed depth soil soil type soil vapor
space floor, below grade, temperature, (used to estimate OR permeability,

LF Ls TS soil vapor kv

(15 or 200 cm) (cm) (oC) permeability) (cm2)

15 44.1 10 S

ENTER ENTER ENTER ENTER ENTER
MORE Vandose zone Vadose zone Vadose zone Vadose zone Average vapor
 SCS soil dry soil total soil water-filled flow rate into bldg.

soil type bulk density, porosity, porosity, (Leave blank to calculate)
ρb

A nV θw
V Qsoil

(g/cm3) (unitless) (cm3/cm3) (L/m)

S 1.63 0.385 0.197 5

MORE
 ENTER ENTER ENTER ENTER

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

Soil Gas Concentration Data

SG-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters



CHEMICAL PROPERTIES SHEET

1 of 1

Henry's Henry's Enthalpy of
law constant law constant vaporization at Normal Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical risk Reference Molecular
in air, in water, temperature, temperature, boiling point, point, temperature, factor, conc., weight,

Da Dw H TR ∆Hv,b TB TC URF RfC MW
(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (µg/m3)-1 (mg/m3) (g/mol)

8.80E-02 9.80E-06 5.54E-03 25 7,342 353.24 562.16 7.8E-06 3.0E-02 78.11

END



INTERMEDIATE CALCULATIONS SHEET

1 of 1

Vadose zone Vadose zone Vadose zone Vadose zone Vadose zone Floor-
Source- soil effective soil soil soil wall Bldg.
building air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation

separation, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,
LT θa

V Ste ki krg kv Xcrack conc. Qbuilding

(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

29.1 0.188 0.434 9.92E-08 0.466 4.62E-08 4,000 6.62E+04 1.69E+04

Area of Vadose
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor zone

space to-total depth vaporization at constant at constant at viscosity at effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
V Ld

(cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm)

1.00E+06 4.00E-04 15 8,122 2.68E-03 1.15E-01 1.75E-04 2.28E-03 29.1

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

(cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

15 6.62E+04 0.10 8.33E+01 2.28E-03 4.00E+02 #NUM! 2.38E-03 1.58E+02

Unit
risk Reference

factor, conc.,
URF RfC

(µg/m3)-1 (mg/m3)

7.8E-06 3.0E-02

END



RESULTS SHEET

J&E - Benzene 0-5 ft 1 of 1

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen
(unitless) (unitless)

5.0E-04 5.0E+00

MESSAGE SUMMARY BELOW:

END



DATA ENTRY SHEET

1 of 1

ENTER ENTER ENTER
Soil Soil

Chemical gas OR gas
CAS No. conc., conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Chemical

71432 1.79E+05 Benzene

ENTER ENTER ENTER ENTER ENTER
Depth

MORE below grade Soil gas Vadose zone User-defined
 to bottom sampling Average SCS vadose zone

of enclosed depth soil soil type soil vapor
space floor, below grade, temperature, (used to estimate OR permeability,

LF Ls TS soil vapor kv

(15 or 200 cm) (cm) (oC) permeability) (cm2)

15 91 10 S

ENTER ENTER ENTER ENTER ENTER
MORE Vandose zone Vadose zone Vadose zone Vadose zone Average vapor
 SCS soil dry soil total soil water-filled flow rate into bldg.

soil type bulk density, porosity, porosity, (Leave blank to calculate)
ρb

A nV θw
V Qsoil

(g/cm3) (unitless) (cm3/cm3) (L/m)

S 1.63 0.385 0.197 5

MORE
 ENTER ENTER ENTER ENTER

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

Soil Gas Concentration Data

SG-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters



CHEMICAL PROPERTIES SHEET

1 of 1

Henry's Henry's Enthalpy of
law constant law constant vaporization at Normal Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical risk Reference Molecular
in air, in water, temperature, temperature, boiling point, point, temperature, factor, conc., weight,

Da Dw H TR ∆Hv,b TB TC URF RfC MW
(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (µg/m3)-1 (mg/m3) (g/mol)

8.80E-02 9.80E-06 5.54E-03 25 7,342 353.24 562.16 7.8E-06 3.0E-02 78.11

END



INTERMEDIATE CALCULATIONS SHEET

1 of 1

Vadose zone Vadose zone Vadose zone Vadose zone Vadose zone Floor-
Source- soil effective soil soil soil wall Bldg.
building air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation

separation, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,
LT θa

V Ste ki krg kv Xcrack conc. Qbuilding

(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

76 0.188 0.434 9.92E-08 0.466 4.62E-08 4,000 1.79E+05 1.69E+04

Area of Vadose
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor zone

space to-total depth vaporization at constant at constant at viscosity at effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
V Ld

(cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm)

1.00E+06 4.00E-04 15 8,122 2.68E-03 1.15E-01 1.75E-04 2.28E-03 76

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

(cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

15 1.79E+05 0.10 8.33E+01 2.28E-03 4.00E+02 #NUM! 1.30E-03 2.33E+02

Unit
risk Reference

factor, conc.,
URF RfC

(µg/m3)-1 (mg/m3)

7.8E-06 3.0E-02

END



RESULTS SHEET

J&E - Benzene 0-10 ft 1 of 1

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen
(unitless) (unitless)

7.5E-04 7.4E+00

MESSAGE SUMMARY BELOW:

END
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DISCLAIMER 

Preliminary remediation goals (PRGs) focus on common exposure pathways and may not 
consider all exposure pathways encountered at CERCLA / RCRA sites (Exhibit 1-1). 
PRGs do not consider impact to groundwater or address ecological concerns.  The PRG 
Table is specifically not intended as a (1) stand-alone decision-making tool, (2) as a 
substitute for EPA guidance for preparing baseline risk assessments, (3) a rule to 
determine if a waste is hazardous under RCRA, or (4) set of final cleanup or action levels 
to be applied at contaminated sites. 

The guidance set out in this document is not final Agency action.  It is not intended, nor can 
it be relied upon to create any rights enforceable by any party in litigation with the United 
States. EPA officials may decide to follow the guidance provided herein, or act at variance 
with the guidance, based on an analysis of specific circumstances.  The Agency also 
reserves the right to change this guidance at any time without public notice. 
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1.0 INTRODUCTION 

Region 9 Preliminary Remediation Goals (PRGs) are risk-based tools for evaluating and 
cleaning up contaminated sites. They are being used to streamline and standardize all stages of 
the risk decision-making process. 

The Region 9 PRG Table combines current human health toxicity values with standard exposure 
factors to estimate contaminant concentrations in environmental media (soil, air, and water) that 
are considered by the Agency to be health protective of human exposures (including sensitive 
groups), over a lifetime.  Chemical concentrations above these levels would not automatically 
designate a site as "dirty" or trigger a response action. However, exceeding a PRG suggests that 
further evaluation of the potential risks that may be posed by site contaminants is appropriate. 
Further evaluation may include additional sampling, consideration of ambient levels in the 
environment, or a reassessment of the assumptions contained in these screening-level estimates 
(e.g. appropriateness of route-to-route extrapolations, appropriateness of using chronic toxicity 
values to evaluate childhood exposures, appropriateness of generic exposure factors for a 
specific site etc.). 

The risk-based concentrations presented in the Table may be used as screening goals or initial 
cleanup goals if applicable. Generally a screening goal is intended to provide health protection 
without knowledge of the specific exposure conditions at a site. PRGs may also be used as 
initial cleanup goals when the exposure assumptions based on site-specific data match up with 
the default exposure assumptions in the PRG Table. When considering PRGs as cleanup goals, it 
is EPA’s preference to assume maximum beneficial use of a property (that is, residential use) 
unless a non-residential number (for example, industrial soil PRG) can be justified. 

Before applying PRGs at a particular site, the Table user should consider whether the exposure 
pathways and exposure scenarios at the site are fully accounted for in the PRG calculations. 
Region 9 PRG concentrations are based on direct contact pathways for which generally accepted 
methods, models, and assumptions have been developed  (i.e. ingestion, dermal contact, and 
inhalation) for specific land-use conditions and do not consider impact to groundwater or 
ecological receptors (see Developing a Conceptual Site Model below). 
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EXHIBIT 1-1 
TYPICAL EXPOSURE PATHWAYS BY MEDIUM 

FOR RESIDENTIAL AND INDUSTRIAL LAND USESa 

EXPOSURE PATHWAYS, ASSUMING: 

MEDIUM RESIDENTIAL LAND USE INDUSTRIAL LAND USE 

Ground Water Ingestion from drinking Ingestion from drinking 

Inhalation of volatiles Inhalation of volatiles 

Dermal absorption from Dermal absorption 
bathing 

Surface Water Ingestion from drinking Ingestion from drinking 

Inhalation of volatiles Inhalation of volatiles 

Dermal absorption from Dermal absorption 
bathing 

Ingestion during swimming 

Ingestion of contaminated fish 

Soil Ingestion Ingestion 

Inhalation of particulates Inhalation of particulates 

Inhalation of volatiles Inhalation of volatiles 

Exposure to indoor air from Exposure to indoor air from 
soil gas soil gas 

Exposure to ground water Exposure to ground water 
contaminated by soil leachate contaminated by soil 

leachate 

Ingestion via plant, meat, or Inhalation of particulates 
dairy products from trucks and heavy 

equipment 

Dermal absorption Dermal absorption 

Footnote:

aExposure pathways considered in the PRG calculations are indicated in boldface italics.


4 



2.0 READING THE PRG TABLE


2.1 General Considerations 

With the exceptions described below, PRGs are chemical concentrations that correspond to fixed 
levels of risk (i.e. either a one-in-one million [10-6] cancer risk or a noncarcinogenic hazard 
quotient of 1) in soil, air, and water. In most cases, where a substance causes both cancer and 
noncancer (systemic) effects, the 10-6 cancer risk will result in a more stringent criteria and 
consequently this value is presented in the printed copy of the Table. PRG concentrations that 
equate to a 10-6 cancer risk are indicated by "ca". PRG concentrations that equate to a hazard 
quotient of 1 for noncarcinogenic concerns are indicated by "nc". 

If the risk-based concentrations are to be used for site screening, it is recommended that both 
cancer and noncancer-based PRGs be used. Both carcinogenic and noncarcinogenic values may 
be obtained at the Region 9 PRG homepage at:  

http://www.epa.gov/region09/waste/sfund/prg/ 

It has come to my attention that some users have been multiplying the cancer PRG 
concentrations by 10 or 100 to set "action levels" for triggering remediation or to set less 
stringent cleanup levels for a specific site after considering non-risk-based factors such as 
ambient levels, detection limits, or technological feasibility.  This risk management practice 
recognizes that there may be a range of values that may be "acceptable" for carcinogenic risk 
(EPA's risk management range is one-in-a-million [10-6] to one-in-ten thousand [10-4]). 
However, this practice could lead one to overlook serious noncancer health threats and it is 
strongly recommended that the user consult with a toxicologist or regional risk assessor before 
doing this. For carcinogens, I have indicated by asterisk ("ca*") in the PRG Table where the 
noncancer PRGs would be exceeded if the cancer value that is displayed is multiplied by 100. 
Two stars ("ca**") indicate that the noncancer values would be exceeded if the cancer PRG were 
multiplied by 10.  There is no range of "acceptable" noncarcinogenic "risk" so that under no 
circumstances should noncancer PRGs be multiplied by 10 or 100, when setting final cleanup 
criteria. In the rare case where noncancer PRGs are more stringent than cancer PRGs set at one-
in-one-million risk, a similar approach has been applied (e.g. “nc**”).  

In general, PRG concentrations in the printed Table are risk-based but for soil there are two 
important exceptions:  (1) for several volatile chemicals, PRGs are based on the soil saturation 
equation ("sat") and (2) for relatively less toxic inorganic and semivolatile contaminants, a non-
risk based "ceiling limit" concentration is given as 10+5 mg/kg ("max").  At the Region 9 PRG 
website, the risk-based calculations for these same chemicals are also available in the “InterCalc 
Tables” if the user wants to view the risk-based concentrations prior to the application of “sat” or 
“max”.  For more information on why the “sat” value and not a risk-based value is presented for 
several volatile chemicals in the PRG Table, please see the discussion in Section 4.6. 

With respect to applying a “ceiling limit” for chemicals other than volatiles, it is recognized that 
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this is not a universally accepted approach. Some within the agency argue that all values should 
be risk-based to allow for scaling (for example, if the risk-based PRG is set at a hazard quotient 
= 1.0, and the user would like to set the hazard quotient to 0.1 to take into account multiple 
chemicals, then this is as simple as multiplying the risk-based PRG by 1/10th).  If scaling is 
necessary, PRG users can do this simply by referring to the “InterCalc Tables” at our website 
where risk-based soil concentrations are presented for all chemicals (see soil calculations, 
“combined” pathways column). 

In spite of the fact that applying a ceiling limit is not a universally accepted approach, we have 
opted to continue applying a “max”soil concentration to the PRG Table for the following 
reasons: 

!  Risk-based PRGs for some chemicals in soil exceed unity (>1,000,000 mg/kg) 
which is not possible. 

! The ceiling limit of 10+5 mg/kg is equivalent to a chemical representing 10% by 
weight of the soil sample.  At this contaminant concentration (and higher), the 
assumptions for soil contact may be violated (for example, soil adherence and 
windborne dispersion assumptions) due to the presence of the foreign substance 
itself. 

! PRGs currently do not address short-term exposures (e.g. pica children and 
construction workers). Although extremely high soil PRGs are likely to represent 
relatively non-toxic chemicals, such high values may not be justified if in fact 
more toxicological data were available for evaluating short-term and/or acute 
exposures. 

In addition to Region 9 PRG values, the PRG Table also includes California EPA PRGs ("CAL-
Modified PRGs") for specific chemicals where CAL-EPA screening values may deviate 
significantly from the federal values (see Section 2.4) and EPA OSWER soil screening levels 
(SSLs) for protection of groundwater (see Section 2.5). 

2.2 Toxicity Values 

Hierarchy of Toxicity Values 

There is a new hierarchy of human health toxicity values that replaces earlier guidance.  This is 
important because human toxicity values known as cancer slope factors (SF) or non-cancer 
reference doses (RfDs) form the basis of the PRG values listed in the table. As noted in OSWER 
Directive 9285.7-53 (dated December 5, 2003), the updated EPA hierarchy is as follows:  Tier 1 
- EPA’s Integrated IRIS, Tier 2 - EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs), 
and Tier 3 - Other Toxicity Values. Tier 3 includes additional EPA sources (e.g. historic 
HEAST and NCEA provisional values) and non-EPA sources of toxicity information (e.g. 
California EPA toxicity values). 
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The PRG Table lists Tier 1 toxicity values from IRIS as “i” and Tier 2  toxicity values known as 
PPRTVs as “p”. Tier 3 toxicity values were obtained from various sources including California 
EPA databases “c”, historic HEAST tables “h” and NCEA provisional values “n”.  

Inhalation Conversion Factors 

As of January 1991, IRIS and NCEA databases no longer present RfDs or SFs for the inhalation 
route. These criteria have been replaced with reference concentrations (RfC) for 
noncarcinogenic effects and unit risk factors (URF) for carcinogenic effects.  However, for 
purposes of estimating risk and calculating risk-based concentrations, inhalation reference doses 
(RfDi) and inhalation slope factors (SFi) are preferred.  This is not a problem for most chemicals 
because the inhalation toxicity criteria are easily converted.  To calculate an RfDi from an RfC, 
the following equation and assumptions may be used for most chemicals: 

RfDi 
mg 20m3 1 

(kg - day)
=  RfC(mg / m3 ) × 

day 
× 

70kg 

Likewise, to calculate an SFi from an inhalation URF, the following equation and assumptions 
may be used: 

- day) day 103 ug
SFi 

(kg
(mg)

= URF(m3 /ug ) × × 70kg ×
20m3 mg 

Route-to-Route Methods 

Route-to-route extrapolations ("r") were frequently used when there were no toxicity values 
available for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses 
("RfDo") were used for both oral and inhaled exposures for organic compounds lacking 
inhalation values. Inhalation slope factors ("SFi") and inhalation reference doses ("RfDi") were 
used for both inhaled and oral exposures for organic compounds lacking oral values.  Route 
extrapolations were not performed for inorganics due to portal of entry effects and known 
differences in absorption efficiency for the two routes of exposure. 

An additional route extrapolation is the use of oral toxicity values for evaluating dermal 
exposures. In general, dermal toxicity values are not listed in EPA databases and consequently 
must be estimated from oral toxicity information.  However, a scientifically defensible data base 
often does not exist for making an adjustment to the oral slope factor/RfD so that the oral 
toxicity value is often applied without adjustment to estimate a dermal toxicity value.  For more 
information please refer to recent Agency guidance (USEPA 2004) entitled Risk Assessment 
Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment) available on the web at: 
http://www.epa.gov/superfund/programs/risk/ragse/index.htm 

7 



Please note that whenever route-extrapolated values are used to calculate risk-based PRGs, 
additional uncertainties are introduced in the calculation. 

2.3 PRGs Derived with Special Considerations 

Most of the Region 9 PRGs are readily derived by referring to Equations 4-1 thru 4-8 contained 
in this “User’s Guide/Technical Background Document” to the Region 9 PRGs.  However, there 
are some chemicals for which the standard equations do no apply and/or adjustments to the 
toxicity values are recommended.  These special case chemicals are discussed below. 

Cadmium  The PRGs for Cadmium are based on the oral RfD for water which is slightly more 
conservative (by a factor of 2) than the RfD for food.  Because the PRGs are considered 
screening values, we elected to use the more conservative RfD for cadmium.  However, 
reasonable arguments could be made for applying an RfD for food (instead of the oral RfD for 
water) for some media such as soils.  

The water RfD for cadmium assumes a 5% oral absorption factor.  The assumption of an oral 
absorption efficiency of 5% for Cadmium leads to an estimated dermal RfD of 2.5E-05.  The 
PRG calculations incorporate these adjustments per recent guidance (USEPA 2004). 

Chromium 6  For Chromium 6 (Cr6), IRIS shows an air unit risk of 1.2E-2 per (ug/cu.m) or 
expressed as an inhalation cancer slope factor (adjusting for inhalation/body weight) of 42 
(mg/kg-day) -1 . However, the supporting documentation in the IRIS file states that these toxicity 
values are based on an assumed 1:6 ratio of Cr6:Cr3. Because of this assumption, we in Region 
9 prefer to present PRGs based on these cancer toxicity values as “total chromium” numbers. 

In the PRG Table, we also include a Cr6 specific value (assuming 100% Cr6) that is derived by 
multiplying the “total chromium” value by 7, yielding a cancer potency factor of 290 (mg/kg-
day)-1. This is considered to be an overly conservative assumption by some within the Agency. 
However, this calculation is also consistent with the State of California's interpretation of the 
Mancuso study that forms the basis of Cr6's toxicity values. 

If you are working on a project outside of California (and outside of Region 9), you may want to 
contact the appropriate regulatory officials to determine what their position is on this issue. As 
mentioned, Region 9 also includes PRGs for “total chromium” which is based on the same ratio 
(1:6 ratio Cr6:Cr3) that forms the basis of the cancer slope factor of 42 (mg/kg-day)-1 presented 
in IRIS. 

Dioxin  Dioxins, furans, and some polychlorinated biphenyls are members of the same family 
and exhibit similar toxicological properties.  Before using the dioxin PRG at an individual site, 
these dioxin-related compounds must be summed together.  However, they differ in the degree of 
toxicity so that a toxicity equivalence factor (TEF) must first be applied to adjust the measured 
concentrations to a toxicity equivalent concentration.  EPA Region 9 has adopted the 1997 
World Health Organization (WHO) TEFs.  For more on this, please refer to the following article 
(in Environmental Health Perspectives, Vol. 6, No. 12, Dec. 1998) online at: 
http://ehp.niehs.nih.gov/members/1998/106p775-792vandenberg/vandenberg-full.html 
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Lead Residential PRGs for Lead (Region 9 EPA and California EPA) are derived based on 
pharmacokinetic models.  Both EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) Model 
and California’s LeadSpread model are designed to predict the probable blood lead 
concentrations for children between six months and seven years of age who have been exposed 
to lead through various sources (air, water, soil, dust, diet and in utero contributions from the 
mother).  Run in the reverse, these models also allow the user to calculate lead PRGs that are 
considered “acceptable” by EPA or the State of California. 

EPA uses a second Adult Lead Model to estimate PRGs for an industrial setting.  This PRG is 
intended to protect a fetus that may be carried by a pregnant female worker.  It is assumed that a 
cleanup goal that is protective of a fetus will also afford protection for male or female adult 
workers. The model equations were developed to calculate cleanup goals such that there would 
be no more than a 5% probability that fetuses exposed to lead would exceed a blood lead (PbB) 
of 10 Fg/dL. An updated screening level for soil lead at commercial/industrial (i.e., non
residential) sites of 800 ppm is based on a recent analysis of the combined phases of  NHANES 
III that chooses a cleanup goal protective of all subpopulations. 

For more information on EPA’s lead models and other lead-related topics, please go to: 
http://www.epa.gov/oerrpage/superfund/programs/lead/ 

For more information on California’s LeadSpread Model and Cal-Modified PRGs for lead, 
please go to: 
http://www.dtsc.ca.gov/ScienceTechnology/ledspred.html 

Manganese  The IRIS RfD (0.14 mg/kg-day) includes manganese from all sources, including 
diet. The author of the IRIS assessment for manganese recommends that the dietary contribution 
from the normal U.S. diet (an upper limit of 5 mg/day) be subtracted when evaluating non-food 
(e.g. drinking water or soil) exposures to manganese, leading to a RfD of 0.071 mg/kg-day for
non-food items. The explanatory text in IRIS further recommends using a modifying factor of 3 
when calculating risks associated with non-food sources due to a number of uncertainties that are 
discussed in the IRIS file for manganese, leading to a RfD of 0.024 mg/kg-day. This modified 
RfD is applied in the derivation of the Region 9 PRGs for soil and water.  For more information 
regarding the Manganese RfD, you may want to contact Dr. Bob Benson at (303) 312-7070. 

Nitrates/Nitrates   Tap water PRGs for Nitrates/Nitrites are based on the MCL as there is no 
available RfD for these compounds.  For more information, please see IRIS at: 
http://www.epa.gov/iriswebp/iris/index.html 

Thallium  IRIS has many values for the different salts of thallium. However, our analytical data 
packages typically report “thallium”.  Therefore, as a practical matter it makes more sense to 
report a PRG for plain thallium.  We have done this by making the adjustment contained in the 
IRIS file for thallium sulfate based on the molecular weight of the thallium in the thallium salt. 
The adjusted oral RfD for plain thallium is 6.6 E-05 mg/kg-day which we use to calculate a 
thallium PRG. 
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Vinyl Chloride  In EPA’s recent reassessment of vinyl chloride toxicity, IRIS presents two 
cancer slope factors for vinyl chloride (VC): one that is intended to be applied towards 
evaluating adult risks and a second more protective slope factor that takes into account the 
unique susceptibility of developing infants and young children. For residential PRGs, the 
Region 9 PRG Table applies the more conservative cancer potency factor that addresses 
exposures to both children and adults whereas for the industrial soils PRG, the adult only cancer 
slope factor is applied. 

Because of the age-dependent vulnerability associated with vinyl chloride exposures, and due to 
the method that is applied in deriving the cancer slope factor for VC, an assumption of a 70 year 
exposure over the lifetime is assumed, consistent with the way that the toxicity value for VC was 
derived. Therefore, instead of the usual exposure assumption of 6 years as a child and 24 years 
as an adult that is assumed for carcinogenic substances, we have revised the exposure 
assumption for VC to 6 years as a child and 64 years as adult.  Since most of the cancer risk is 
associated with the first 30 years of exposure to VC, there is actually little difference between a 
30 year exposure assumption (typically assumed for Superfund risk assessments) and the 70 year 
exposure assumption that is assumed in calculating the PRG for VC.       

2.4 Cal-Modified PRGs 

When EPA Region 9 first came out with a Draft of the PRG Table in 1992, there was concern 
expressed by California EPA's Department of Toxic Substances and Control (DTSC) that for 
some chemicals, the risk-based concentrations that are calculated using Cal-EPA toxicity values 
are "significantly" more protective than the risk-based concentrations that are calculated using 
EPA toxicity values. Because the risk-based PRGs are order-of-magnitude estimates at best, it 
was agreed by both Agencies that a difference of approximately 4 or greater would be regarded 
as a significant difference. For chemicals with California and EPA values that differ by a factor 
of 4 or more, both the EPA PRGs and the “Cal-Modified PRGs” are listed in the Table. 

Please note that in the State of California, Cal-Modified PRGs should be used as screening 
levels for contaminated sites if they are more stringent than the Federal numbers. 

2.5 Soil Screening Levels 

Generic, soil screening levels (SSLs) for the protection of groundwater have been included in the 
PRG Table for 100 of the most common contaminants at Superfund sites.  Generic SSLs are 
derived using default values in standardized equations presented in EPA OSWER’s Soil 
Screening Guidance series, available on the web at 
http://www.epa.gov/superfund/resources/soil/index.htm . 

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account for 
natural processes that reduce contaminant concentrations in the subsurface.  Also included are 
generic SSLs that assume no dilution or attenuation between the source and the receptor well 
(i.e., a DAF of 1).  These values can be used at sites where little or no dilution or attenuation of 
soil leachate concentrations is expected at a site (e.g., sites with shallow water tables, fractured 
media, karst topography, or source size greater than 30 acres). 
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In general, if an SSL is not exceeded for the migration to groundwater pathway, the user may 
eliminate this pathway from further investigation. 

It should be noted that in the State of California, the California Regional Water Quality Control 
Board has derived “California SSLs” for a number of pathways including migration to 
groundwater. These are not included in the Region 9 PRG Table, but may be accessed at the 
following website: 

http://www.swrcb.ca.gov/rwqcb2/rbsl.htm 

Or, for more information on the “California SSLs”, please contact Dr Roger Brewer at:  (510) 
622-2374. 

2.6 Miscellaneous 

Volatile organic compounds (VOCs) are indicated by "y" in the VOC column of the Table and in 
general, are defined as those chemicals having a Henry's Law constant greater than 10-5 (atm-
m3/mol) and a molecular weight less than 200 g/mole).  Three borderline chemicals 
(dibromochloromethane, 1,2-dibromochloropropane, and pyrene) which do not strictly meet 
these criteria of volatility have also been included based upon discussions with other state and 
federal agencies and after a consideration of vapor pressure characteristics etc.  Volatile organic 
chemicals are evaluated for potential volatilization from soil/water to air using volatilization 
factors (see Section 4.4). 

Chemical-specific dermal absorption values for contaminants in soil and dust are presented for 
arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and 
pentachlorophenols as recommended in the Risk Assessment Guidance for Superfund Volume I: 
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk 
Assessment) Interim Guidance (USEPA 2004). Otherwise, default skin absorption fractions are 
assumed to be 0.10 for nonvolatile organics.  Please note that previous defaults of 0.01 and 0.10 
for inorganics and VOCs respectively, have been withdrawn per new guidance. 

3.0 USE OF PRGS AT SITES 

The decision to use PRGs at a site will be driven by the potential benefits of having generic risk-
based concentrations in the absence of site-specific risk assessments.  The original intended use 
of PRGs was to provide initial cleanup goals for individual chemicals given specific medium and 
land-use combinations (see RAGS Part B, 1991), however risk-based concentrations have 
several applications. They can also be used for: 

! Setting health-based detection limits for chemicals of potential concern 

! Screening sites to determine whether further evaluation is appropriate 

! Calculating cumulative risks associated with multiple contaminants 
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A few basic procedures are recommended for using PRGs properly.  These are briefly described 
below. Potential problems with the use of PRGs are also identified. 

3.1 Conceptual Site Model 

The primary condition for use of PRGs is that exposure pathways of concern and conditions at 
the site match those taken into account by the PRG framework.  Thus, it is always necessary to 
develop a conceptual site model (CSM)  to identify likely contaminant source areas, exposure 
pathways, and potential receptors. This information can be used to determine the applicability of 
PRGs at the site and the need for additional information.  For those pathways not covered by 
PRGs, a risk assessment specific to these additional pathways may be necessary.  Nonetheless, 
the PRG lookup values will still be useful in such situations for focusing further investigative 
efforts on the exposure pathways not addressed. 

To develop a site-specific CSM, perform an extensive records search and compile existing data 
(e.g. available site sampling data, historical records, aerial photographs, and hydrogeologic 
information).  Once this information is obtained, CSM worksheets such as those provided in 
ASTM's Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites 
(1995) can be used to tailor the generic worksheet model to a site-specific CSM.  The final CSM 
diagram represents linkages among contaminant sources, release mechanisms, exposure 
pathways and routes and receptors. It summarizes our understanding of the contamination 
problem.  

As a final check, the CSM should answer the following questions: 

! Are there potential ecological concerns? 

! Is there potential for land use other than those covered by the PRGs (that is, residential 
and industrial)? 

! Are there other likely human exposure pathways that were not considered in development 
of the PRGs (e.g. impact to groundwater, local fish consumption, raising beef, dairy, or 
other livestock)? 

! Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust 
levels, potential for indoor air contamination)? 

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new 
information.  Suggested websites for the evaluation of pathways not currently addressed by 
Region 9 PRG's are presented in Exhibit 3-1. 
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EXHIBIT 3-1 
SUGGESTED WEBSITES FOR EVALUATING EXPOSURE 

PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs 

EXPOSURE PATHWAY WEBSITE 

Migration of contaminants to an underlying 
potable aquifer 

EPA Soil Screening Guidance: 
http://www.epa.gov/superfund/resources/soil/ 
index.htm 
California Water Board Guidance: 
http://www.swrcb.ca.gov/rwqcb2/rbsl.htm 

Ingestion via plant uptake EPA Soil Screening Guidance: 
http://www.epa.gov/superfund/resources/soil/ 
index.htm 
EPA Fertilizer Risk Assessment: 
http://www.epa.gov/epaoswer/hazwaste/recyc 
le/fertiliz/risk/ 

Ingestion via meat, dairy products, human 
milk 

EPA Protocol for Combustion Facilities: 
http://www.epa.gov/epaoswer/hazwaste/comb 
ust/riskvol.htm#volume1 
California “Hot Spots” Risk Guidelines: 
http://www.oehha.ca.gov/air/hot_spots/HRSg 
uide.html 

Inhalation of volatiles that have migrated 
into basements or other enclosed spaces. 

EPA’s draft Subsurface Vapor Intrusion 
Guidance: 
http://www.epa.gov/correctiveaction/eis/vapo 
r.htm 
EPA’s Version of Johnson & Ettinger Model: 
http://www.epa.gov/oerrpage/superfund/progr 
ams/risk/airmodel/johnson_ettinger.htm 

Ecological pathways EPA Ecological Soil Screening Guidance: 
http://www.epa.gov/superfund/programs/risk/ 
ecorisk/ecossl.htm 
NOAA Sediment Screening Table: 
http://response.restoration.noaa.gov/cpr/sedi 
ment/squirt/squirt.html 

3.2 Background Levels Evaluation 

A necessary step in determining the applicability of Region 9 risk-based PRGs is the 
consideration of background contaminant concentrations.  There is new EPA guidance on 
determining background at sites.  Guidance for Characterizing Background Chemicals in Soil at 
Superfund Sites (USEPA 2001b) is available on the web at: 
http://www.epa.gov/superfund/programs/risk/background.pdf . 

EPA may be concerned with two types of background at sites:  naturally occurring and 
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anthropogenic. Natural background is usually limited to metals whereas anthropogenic (i.e. 
human-made) “background” includes both organic and inorganic contaminants.  Before 
embarking on an extensive sampling and analysis program to determine local background 
concentrations in the area, one should first compile existing data on the subject.  Far too often 
there is pertinent information in the literature that gets ignored, resulting in needless 
expenditures of time and money. 

Generally EPA does not clean up below natural background. In some cases, the predictive risk-
based models generate PRG concentrations that lie within or even below typical background 
concentrations for the same element or compound.  If natural background concentrations are 
higher than the risk-based PRG concentrations, then background concentrations should also be 
considered in determining whether further evaluation and/or remediation is necessary at a 
particular site. Exhibit 3-2 presents summary statistics for selected elements in soils that have 
background levels that may exceed risk-based PRGs. 

Where anthropogenic “background” levels exceed PRGs and EPA has determined that a 
response action is necessary and feasible, EPA's goal will be to develop a comprehensive 
response to the widespread contamination.  This will often require coordination with different 
authorities that have jurisdiction over the sources of contamination in the area. 

EXHIBIT 3-2 
BACKGROUND CONCENTRATIONS OF SELECTED ELEMENTS IN SOILS

 TRACE U.S. STUDY DATA1  CALIFORNIA DATA2 

ELEMENT Range GeoMean ArMean Range GeoMean ArMean 

Arsenic <.1-97 5.2 mg/kg 7.2 mg/kg 0.59-11 2.75 mg/kg 3.54 mg/kg 

Beryllium <1-15 0.63 “ 0.92 “ 0.10-2.7 1.14 “ 1.28 “ 

Cadmium <1-10  -- <1 0.05-1.7 0.26 0.36 

Chromium 1-2000 37 54 23-1579 76.25 122.08 

Nickel <5-700 13 19 9.0-509 35.75 56.60 

1Shacklette and Hansford, “Element Concentrations in Soils and Other Surficial Materials of the Conterminous 
United States”,USGS Professional Paper 1270, 1984. 

2Bradford et. al, “Background Concentrations of Trace and Major Elements in California Soils”, Kearney 
Foundation Special Report, UC-Riverside and CAL-EPA DTSC, March 1996. 

3.3 Screening Sites with Multiple Pollutants 

A suggested stepwise approach for PRG-screening of sites with multiple pollutants is as follows: 

! Perform an extensive records search and compile existing data. 
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!	 Identify site contaminants in the PRG Table.  Record the PRG concentrations for 
various media and note whether PRG is based on cancer risk (indicated by "ca") 
or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-
cancer PRGs and exclude (but don't eliminate) non-risk based PRGs ("sat" or 
"max"). 

!	 For cancer risk estimates, take the  site-specific concentration (maximum or 95 
UCL) and divide by the PRG concentrations that are designated for cancer 
evaluation ("ca"). Multiply this ratio by 10-6 to estimate chemical-specific risk for 
a reasonable maximum exposure (RME).  For multiple pollutants, simply add the 
risk for each chemical: 

conc conc concx	 zRisk ' [( 
PRG

) % ( 
PRG

y ) % ( )] x 10&6 

PRGx y z 

!	 For non-cancer hazard estimates.  Divide the concentration term by its respective 
non-cancer PRG designated as "nc" and sum the ratios for multiple contaminants.  
The cumulative ratio represents a non-carcinogenic hazard index (HI).  A hazard 
index of 1 or less is generally considered “safe”. A ratio greater than 1 suggests 
further evaluation. [Note that carcinogens may also have an associated non-
cancer PRG that is not listed in the PRG Table.  To obtain these values, the 
user should view or download the InterCalc Tables at the PRG website and 
display the appropriate sections.] 

conc conc conc x	 zHazard Index ' [( 
PRG 

) % ( 
PRG

y ) % ( 
PRG 

)] 
x y z 

For more information on screening site risks, the reader should contact EPA Region 9's 
Technical Support Section. 

3. 4 Potential Problems 

As with any risk-based tool, the potential exists for misapplication.  In most cases the root cause 
will be a lack of understanding of the intended use of Region 9 PRGs. In order to prevent 
misuse of PRGs, the following should be avoided: 

!	 Applying PRGs to a site without adequately developing a conceptual site model 
that identifies relevant exposure pathways and exposure scenarios, 

!	 Not considering background concentrations when choosing PRGs as cleanup 
goals, 

!	 Use of PRGs as cleanup levels without the nine-criteria analysis specified in the 
National Contingency Plan (or, comparable analysis for programs outside of 
Superfund), 

!	 Use of PRGs as cleanup levels without verifying numbers with a toxicologist or 
regional risk assessor, 
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! Use of antiquated PRG Tables that have been superseded by more recent 
publications, 

! Not considering the effects of additivity when screening multiple chemicals, and 

! Adjusting PRGs upward by factors of 10 or 100 without consulting a toxicologist 
or regional risk assessor. 

4.0 TECHNICAL SUPPORT DOCUMENTATION 

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated 
soils, air, and water. The emphasis of the PRG equations and technical discussion are aimed at 
developing screening criteria for soils, since this is an area where few standards exist. For air 
and water, additional reference concentrations or standards are available for many chemicals 
(e.g. MCLs, non-zero MCLGs, AWQC, and NAAQS) and consequently the discussion of these 
media are brief.  

4.1 Ambient Air and the Vapor Intrusion Pathway 

The ambient air PRG is applicable to both indoor and outdoors and is based on a residential 
exposure scenario using standard Superfund exposure factors (see Exhibit 4-1 below). 

The air PRG may also be used as a health-protective indoor air target for determining soil gas 
and groundwater screening levels for the evaluation of the subsurface vapor intrusion pathway. 
The “vapor intrusion pathway” refers to the migration of volatile chemicals from the subsurface 
into overlying buildings. Volatile chemicals in buried wastes and/or contaminated groundwater 
can emit vapors that may migrate through subsurface soils and into indoor air spaces of 
overlying buildings in ways similar to that of radon gas seeping into homes. 

To derive a soil gas and/or groundwater screening level that targets the air PRG, it is necessary 
to divide the air PRG by an appropriate attenuation factor.  The attenuation factor represents the 
factor by which subsurface vapor concentrations migrating into indoor air spaces are reduced 
due to diffusive, advective, and/or other attenuating mechanisms.  The attenuation factor can be 
empirically determined and/or calculated using an appropriate vapor intrusion model such as the 
Johnson and Ettinger model available at: 
http://www.epa.gov/oerrpage/superfund/programs/risk/airmodel/johnson_ettinger.htm . Once 
the appropriate attenuation factor is determined, the following equation can be used to derive a 
screening level that would be protective of indoor air assuming residential land use. 

For Soil Gas, the relationship is as follows: 

Csoil-gas[ug/m3] = Air PRG [ug/m3]/AF 

where 

Csoil-gas  = soil gas screening level 
AF = attenuation factor (ratio of indoor air concentration to soil gas concentration) 
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For Groundwater, the relationship is as follows: 

Cgw[ug/L] = Air PRG [ug/m3] x 10-3  m3/L x 1/H x 1/AF 

where 

Cgw = groundwater screening level

H = dimensionless Henry’s Law Constant at 25C [(mg/L - vapor)/(mg/L - water)]

AF = attenuation factor (ratio of indoor air concentration to soil gas concentration)


For more information on EPA’s current understanding of this emerging exposure pathway,

please refer to EPA’s recent draft guidance Evaluating the Vapor Intrusion to Indoor Air

Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance) (USEPA 2002)

available on the web at: 

http://www.epa.gov/correctiveaction/eis/vapor.htm


4.2 Soils - Direct Ingestion 

Calculation of risk-based PRGs for direct ingestion of soil is based on methods presented in 
RAGS HHEM, Part B (USEPA 1991a) and Soil Screening Guidance  (USEPA 1996a,b, USEPA 
2001a). Briefly, these methods backcalculate a soil concentration level from a target risk (for 
carcinogens) or hazard quotient (for noncarcinogens). 

Residential Soil PRGs 

A number of studies have shown that inadvertent ingestion of soil is common among children 6 
years old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990).  To 
take into account the higher soil intake rate for children, two different approaches are used to 
estimate PRGs, depending on whether the adverse health effect is cancer or some effect other 
than cancer. 

For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that 
takes into account the difference in daily soil ingestion rates, body weights, and exposure 
duration for children from 1 to 6 years old and others from 7 to 31 years old.  This health-
protective approach is chosen to take into account the higher daily rates of soil ingestion in 
children as well as the longer duration of exposure that is anticipated for a long-term resident. 
For more on this method, see USEPA RAGs Part B (1991a).  

For noncarcinogenic concerns, the more protective method of calculating a soil PRG is to 
evaluate childhood exposures separately from adult exposures.  In other words, an age-
adjustment factor is not applied as was done for carcinogens.  This approach is considered 
conservative because it combines the higher 6-year exposure for children with chronic toxicity 
criteria. In their analysis of the method, the Science Advisory Board (SAB) indicated that, for 
most chemicals, the approach may be overly protective.  However, they noted that there are 
specific instances when the chronic RfD may be based on endpoints of toxicity that are specific 
to children (e.g. fluoride and nitrates) or when the dose-response is steep (i.e., the dosage 
difference between the no-observed-adverse-effects level [NOAEL] and an adverse effects level 
is small).  Thus, for the purposes of screening, EPA Region 9 has adopted this approach for 
calculating soil PRGs for noncarcinogenic health concerns. 
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Industrial Soil PRGs 

In the Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites 
(Supplemental SSL Guidance, EPA 2001a), two different soil ingestion rates are assumed for     
non-construction workers: 100 mg/day is assumed for outdoor workers whereas 50 mg/day is 
assumed for indoor workers.  The default value of 100 mg/day for outdoor workers is also 
recommended by EPA’s Technical Review Workgroup for Lead (TRW), and it reflects increased 
exposures to soils for outdoor workers relative to their indoor counterparts. For more on this, 
please see the Supplemental SSL Guidance available at the following website: 

http://www.epa.gov/superfund/resources/soil/index.htm 

Because the Region 9 PRGs are generic and intended for screening sites early in the 
investigation process (often before site-specific information is available), we have chosen to use 
the 100 mg/day soil ingestion (i.e. outdoor worker) assumption to calculate industrial soil PRGs. 
The appropriateness of this assumption for a particular site may be evaluated when additional 
information becomes available regarding site conditions or site development. 

4.3 Soils - Dermal Contact 

Dermal Contact Assumptions 

Exposure factors for dermal contact with soil are based on recommendations in Risk Assessment 
Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment) Interim Guidance (USEPA 2004). Recommended RME 
(reasonable maximum exposure) defaults for adult workers’ skin surface areas (3300 cm2/day) 
and soil adherence factors (0.2 mg/cm2) now differ from the defaults recommended for adult 
residents (5700 cm2/day, 0.07 mg/cm2) as noted in Exhibit 4-1. This is due to differences in the 
range of activities experienced by workers versus residents. 

Dermal Absorption 

Chemical-specific skin absorption values recommended by the Superfund Dermal Workgroup 
were applied when available. Chemical-specific values are included for the following 
chemicals:  arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and 
pentachlorophenols. 

The Supplemental Guidance for Dermal Risk Assessment (USEPA 2004) recommends a default 
dermal absorption factor for semivolatile organic compounds of 10% as a screening method for 
the majority of SVOCs without dermal absorption factors.  Default dermal absorption values for 
other chemicals (VOCs and inorganics) are not recommended in this new guidance.  Therefore, 
the assumption of 1% for inorganics and 10% for volatiles is no longer included in the  PRG 
Table. This change has minimal impact on the final risk-based calculations because human 
exposure to VOCs and inorganics in soils is generally driven by other pathways of exposure. 

4.4 Soils - Vapor and Particulate Inhalation 

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far 
outweigh the risk via ingestion; therefore soil PRGs have been designed to address this pathway 
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as well. The models used to calculate PRGs for inhalation of volatiles/particulates are based on 
updates to risk assessment methods presented in RAGS Part B (USEPA 1991a) and are identical 
to the Soil Screening Guidance: User's Guide and Technical Background Document (USEPA 
1996a,b). 

It should be noted that the soil-to-air pathway that is evaluated in the PRGs calculations is based 
on inhalation exposures that result from the volatilization or particulate emissions of chemicals 
from soil to outdoor air. The soil PRG calculations do not evaluate potential for volatile 
contaminants in soil to migrate indoors. For more on the subsurface vapor intrusion 
pathway please see Section 4.1. 

To address the soil-to-outdoor air pathways, the PRG calculations incorporate volatilization 
factors (VFs) for volatile contaminants and particulate emission factors (PEF) for nonvolatile 
contaminants.  These factors relate soil contaminant concentrations to air contaminant 
concentrations that may be inhaled on-site.  The VFs and PEF equations can be broken into two 
separate models:  an emission model to estimate emissions of the contaminant from the soil and 
a dispersion model to simulate the dispersion of the contaminant in the atmosphere. 

The box model in RAGS Part B has been replaced with a dispersion term (Q/C) derived from a 
modeling exercise using meteorological data from 29 locations across the United States because 
the box model may not be applicable to a broad range of site types and meteorology and does not 
utilize state-of-the-art techniques developed for regulatory dispersion modeling.  The dispersion 
model for both volatiles and particulates is the AREA-ST, an updated version of the Office of 
Air Quality Planning and Standards, Industrial Source Complex Model, ISC2.  However, 
different Q/C terms are used in the VF and PEF equations.  Los Angeles was selected as the 90th 
percentile data set for volatiles and Minneapolis was selected as the 90th percentile data set for 
fugitive dusts (USEPA 1996 a,b). A default source size of 0.5 acres was chosen for the PRG 
calculations. This is consistent with the default exposure area over which Region 9 typically 
averages contaminant concentrations in soils.  If unusual site conditions exist such that the area 
source is substantially larger than the default source size assumed here, an alternative Q/C could 
be applied (see USEPA 1996a,b). 

Volatilization Factor for Soils 

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than 
10-5 (atm-m3/mol) and a molecular weight less than 200 g/mole, were screened for inhalation 
exposures using a volatilization factor for soils (VFs). Please note that VFs's and other physical-
chemical data for VOCs are contained in the InterCalc Tables at the EPA Region 9 PRG website. 

The emission terms used in the VFs  are chemical-specific and were calculated from physical-
chemical information obtained from several sources.  The priority of these sources were as 
follows:  Soil Screening Guidance (USEPA 1996a,b), Superfund Chemical Data Matrix 
(USEPA 1996c), Fate and Exposure Data (Howard 1991), Subsurface Contamination Reference 
Guide (EPA 1990a), and Superfund Exposure Assessment Manual (SEAM, EPA 1988). When 
there was a choice between a measured or a modeled value (e.g. Koc), our default was to use 
modeled values.  In those cases where Diffusivity Coefficients (Di) were not provided in existing 
literature, Di's were calculated using Fuller's Method described in SEAM.  A surrogate term was 
required for some chemicals that lacked physico-chemical information.  In these cases, a proxy 
chemical of similar structure was used that may over- or under-estimate the PRG for soils. 
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Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway.  The 
following parameters in the standardized equation can be replaced with specific site data to 
develop a simple site-specific PRG 

! Source area

! Average soil moisture content

! Average fraction organic carbon content

! Dry soil bulk density


The basic principle of the VFs model (Henry’s law) is applicable only if the soil contaminant 
concentration is at or below soil saturation “sat”. Above the soil saturation limit, the model 
cannot predict an accurate VF-based PRG. How these particular cases are handled, depends on 
whether the contaminant is liquid or solid at ambient soil temperatures (see Section 4.6). 

Particulate Emission Factor for Soils 

Inhalation of chemicals adsorbed to respirable particles (PM10) were assessed using a default 
PEF equal to 1. 316 x 109 m3/kg that relates the contaminant concentration in soil with the 
concentration of respirable particles in the air due to fugitive dust emissions from contaminated 
soils. The generic PEF was derived using default values in Equation 4-11, which corresponds to 
a receptor point concentration of approximately 0.76 ug/m3. The relationship is derived by 
Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste site 
where the surface contamination provides a relatively continuous and constant potential for 
emission over an extended period of time (e.g. years).  This represents an annual average 
emission rate based on wind erosion that should be compared with chronic health criteria; it is 
not appropriate for evaluating the potential for more acute exposures. 

The impact of the PEF on the resultant PRG concentration (that combines soil exposure 
pathways for ingestion, skin contact, and inhalation) can be assessed by accessing the Region 9 
PRG website and viewing the pathway-specific soil concentrations listed in the InterCalc Tables. 
Equation 4-11 forms the basis for deriving a generic PEF for the inhalation pathway.  For more 
details regarding specific parameters used in the PEF model, the reader is referred to Soil 
Screening Guidance: Technical Background Document (USEPA 1996a). 

Note: the generic PEF evaluates windborne emissions and does not consider dust emissions 
from traffic or other forms of mechanical disturbance that could lead to greater emissions 
than assumed here. 

4.5 Soils - Migration to Groundwater 

The methodology for calculating SSLs for the migration to groundwater was developed to 
identify chemical concentrations in soil that have the potential to contaminate groundwater. 
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process: 
(1) release of contaminant in soil leachate and (2) transport of the contaminant through the 
underlying soil and aquifer to a receptor well. The SSL methodology considers both of these 
fate and transport mechanisms. 

SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs, 
MCLs, or risk-based PRGs). First, the acceptable groundwater concentration is multiplied by a 
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dilution factor to obtain a target leachate concentration.  For example, if the dilution factor is 10 
and the acceptable ground water concentration is 0.05 mg/L, the target soil leachate 
concentration would be 0.5 mg/L.  The partition equation (presented in the Soil Screening 
Guidance document) is then used to calculate the total soil concentration (i.e. SSL) 
corresponding to this soil leachate concentration. 

The SSL methodology was designed for use during the early stages of a site evaluation when 
information about subsurface conditions may be limited.  Because of this constraint, the 
methodology is based on conservative, simplifying assumptions about the release and transport 
of contaminants in the subsurface.  For more on SSLs, and how to calculate site-specific SSLs 
versus generic SSLs presented in the PRG Table, the reader is referred to the Soil Screening 
Guidance document (USEPA 1996a,b). 

4.6 Soil Saturation Limit 

The soil saturation concentration “sat” corresponds to the contaminant concentration in soil at 
which the absorptive limits of the soil particles, the solubility limits of the soil pore water, and 
saturation of soil pore air have been reached. Above this concentration, the soil contaminant 
may be present in free phase, i.e., nonaqueous phase liquids (NAPLs) for contaminants that are 
liquid at ambient soil temperatures and pure solid phases for compounds that are solid at ambient 
soil temperatures. 

Equation 4-10 is used to calculate “sat” for each volatile contaminant.  As an update to RAGS 
HHEM, Part B (USEPA 1991a), this equation takes into account the amount of contaminant that 
is in the vapor phase in soil in addition to the amount dissolved in the soil’s pore water and 
sorbed to soil particles. 

Chemical-specific “sat” concentrations must be compared with each VF-based PRG because a 
basic principle of the PRG volatilization model is not applicable when free-phase contaminants 
are present. How these cases are handled depends on whether the contaminant is liquid or solid 
at ambient temperatures.  Liquid contaminant that have a VF-based PRG that exceeds the “sat” 
concentration are set equal to “sat” whereas for solids (e.g., PAHs), soil screening decisions are 
based on the appropriate PRGs for other pathways of concern at the site (e.g., ingestion). 

4.7 Tap Water - Ingestion and Inhalation 

Calculation of PRGs for ingestion and inhalation of contaminants in domestic water is based on 
the methodology presented in RAGS HHEM, Part B (USEPA 1991a).  Ingestion of drinking 
water is an appropriate pathway for all chemicals.  For the purposes of this guidance, however, 
inhalation of volatile chemicals from water is considered routinely only for chemicals with a 
Henry’s Law constant of 1 x 10-5 atm-m3/mole or greater and with a molecular weight of less 
than 200 g/mole. 

For volatile chemicals, an upperbound volatilization constant (VFw) is used that is based on all 
uses of household water (e.g showering, laundering, and dish washing).  Certain assumptions 
were made.  For example, it is assumed that the volume of water used in a residence for a family 
of four is 720 L/day, the volume of the dwelling is 150,000 L and the air exchange rate is 0.25 
air changes/hour (Andelman in RAGS Part B).  Furthermore, it is assumed that the average 
transfer efficiency weighted by water use is 50 percent (i.e. half of the concentration of each 
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chemical in water will be transferred into air by all water uses).  Note: the range of transfer 
efficiencies extends from 30% for toilets to 90% for dishwashers. 

4.8 Default Exposure Factors 

Default exposure factors were obtained primarily from RAGS Supplemental Guidance Standard 
Default Exposure Factors (OSWER Directive, 9285.6-03) dated March 25, 1991 and more 
recent information from U.S. EPA's Office of Solid Waste and Emergency Response, U.S. 
EPA's Office of Research and Development, and California EPA's Department of Toxic 
Substances Control (see Exhibit 4-1). 

Because contact rates may be different for children and adults, carcinogenic risks during the first 
30 years of life were calculated using age-adjusted factors ("adj").  Use of age-adjusted factors 
are especially important for soil ingestion exposures, which are higher during childhood and 
decrease with age. However, for purposes of combining exposures across pathways, additional 
age-adjusted factors are used for inhalation and dermal exposures.  These factors approximate 
the integrated exposure from birth until age 30 combining contact rates, body weights, and 
exposure durations for two age groups - small children and adults.  Age-adjusted factors were 
obtained from RAGS PART B or developed by analogy (see derivations next page). 

For soils only, noncarcinogenic contaminants are evaluated in children separately from adults. 
No age-adjustment factor is used in this case.  The focus on children is considered protective of 
the higher daily intake rates of soil by children and their lower body weight. For maintaining 
consistency when evaluating soils, dermal and inhalation exposures are also based on childhood 
contact rates. 

(1) ingestion([mg-yr]/[kg-d]: 
ED x IRS (ED & EDc) x IRS c c a

' % rIFSadj BW BW c a 

(2) skin contact([mg-yr]/[kg-d]: 

SFSadj 

ED x AF x SA  
% 

(EDr & EDc) x AF x SA  c c a
' 

BW BW c a 

(3) inhalation ([m3-yr]/[kg-d]): 

InhFadj ' 
ED x IRA 

% 
(EDr & EDc) x IRA c c a 

BW BW c a 
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EXHIBIT 4-1

STANDARD DEFAULT FACTORS


Symbol Definition (units) Default Reference 

CSFo Cancer slope factor oral (mg/kg-d)-1 IRIS, PPRTV, HEAST, NCEA, or California 
CSFi Cancer slope factor inhaled (mg/kg-d)-1 IRIS, PPRTV, HEAST, NCEA, or California 
RfDo Reference dose oral (mg/kg-d) IRIS, PPRTV, HEAST, NCEA, or California 
RfDi Reference dose inhaled (mg/kg-d) IRIS, PPRTV, HEAST, NCEA, or California 

TR Target cancer risk 10-6 

THQ Target hazard quotient 1 

BWa Body weight, adult (kg) 70 RAGS (Part A), EPA 1989 (EPA/540/1-89/002) 
BWc Body weight, child (kg) 15 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

ATc Averaging time - carcinogens (days) 25550 RAGS(Part A), EPA 1989 (EPA/540/1-89/002) 
ATn Averaging time - noncarcinogens (days) ED*365 

SAa Exposed surface area for soil/dust (cm2/day) Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 
– adult resident 5700 
– adult worker 3300 

SAc Exposed surface area, child in soil (cm2/day) 2800 Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 

AFa Adherence factor, soils (mg/cm2) Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 
– adult resident 0.07 
– adult worker 0.2 

AFc Adherence factor, child (mg/cm2) 0.2 Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 

ABS Skin absorption defaults (unitless): 
– semi-volatile organics 0.1 Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 
– volatile organics Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 
– inorganics Dermal Assessment, EPA 2004 (EPA/540/R-99/005) 

IRAa 
IRAc 

Inhalation rate - adult (m3/day) 20 
Inhalation rate - child (m3/day) 10 

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors, EPA 1997 (EPA/600/P-95/002Fa) 

IRWa Drinking water ingestion - adult (L/day 2 RAGS(Part A), EPA 1989 (EPA/540/1-89/002) 
IRWc Drinking water ingestion - child (L/day) 1 PEA, Cal-EPA (DTSC, 1994) 

IRSa Soil ingestion - adult (mg/day) 100 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
IRSc Soil ingestion - child (mg/day), 200 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)         
IRSo Soil ingestion - occupational (mg/day) 100 Soil Screening Guidance (EPA 2001a) 

EFr Exposure frequency - residential (d/y) 350 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
EFo Exposure frequency - occupational (d/y) 250 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

EDr Exposure duration - residential (years) 30a Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
EDc Exposure duration - child (years) 6 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
EDo Exposure duration - occupational (years) 25 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

Age-adjusted factors for carcinogens: 
IFSadj Ingestion factor, soils ([mg-yr]/[kg-d]) 114 RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B) 
SFSadj 
InhFadj 

Dermal factor, soils ([mg-yr]/[kg-d])  361 
Inhalation factor, air ([m3-yr]/[kg-d]) 11 

By analogy to RAGS (Part B) 
By analogy to RAGS (Part B) 

IFWadj Ingestion factor, water ([L-yr]/[kg-d]) 1.1 By analogy to RAGS (Part B) 

VFw 
PEF 
VFs 

Volatilization factor for water (L/m3) 0.5 
Particulate emission factor (m3/kg) See below 
Volatilization factor for soil (m3/kg) See below 

RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B) 
Soil Screening Guidance (EPA 1996a,b) 
Soil Screening Guidance (EPA 1996a,b) 

sat Soil saturation concentration (mg/kg) See below Soil Screening Guidance (EPA 1996a,b) 

Footnote: 
aExposure duration for lifetime residents is assumed to be 30 years total.  For carcinogens, exposures are combined for children (6 years) and 
adults (24 years) . 
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4.9 Standardized Equations 

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are 
presented in Equations 4-1 through 4-8. The PRG equations update RAGS Part B equations.  The 
methodology backcalculates a soil, air, or water concentration level from a target risk (for carcinogens) 
or hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks from 
ingestion, skin contact, and inhalation simultaneously.  Note: the InterCalc Tables available at the 
EPA Region 9 PRG website also includes pathway-specific concentrations, should the user decide 
against combining specific exposure pathways; or, the user wants to identify the relative 
contribution of each pathway to exposure. 

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated 
per Equation 4-9. Because of its reliance on Henry's law, the VFs model is applicable only when the 
contaminant concentration in soil is at or below saturation (i.e. there is no free-phase contaminant 
present). Soil saturation ("sat") corresponds to the contaminant concentration in soil at which the 
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been 
reached. Above this point, pure liquid-phase contaminant is expected in the soil.  If the PRG calculated 
using VFs was greater than the calculated sat, the PRG was set equal to sat, in accordance with Soil 
Screening Guidance (USEPA 1996 a,b). The equation for deriving sat is presented in Equation 4-10. 

PRG EQUATIONS 

Soil Equations: For soils, equations were based on three exposure routes (ingestion, skin contact, and 
inhalation). 

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil 

TR x AT  cC(mg/kg) ' 
x CSF x ABS x CSF 

) % ( 
InhFadj x CSFi )]o oEFr [( 

IFSadj 

106mg/kg 
) % ( 

SFSadj 

106mg/kg VFs
a 

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil 

C(mg/kg) ' 
THQ x BWc x AT  n 

RfDo 106mg/kg
) % ( 1 

o 

SA x AF x ABS  c c cEF x EDc [( 1 x 
IRS 

x 
106mg/kg 

) % ( 1 x 
IRA 

)]r RfD RfDi VFs
a 

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soil 

TR x BW  x AT  a cC(mg/kg) ' 
IRS x CSF 

EF x EDo [( 
106mg/kg 

) % ( 
SA x AF x ABS x CSF  

) % ( 
IRA x CSFio o a o a 

o 106mg/kg VFs
a 

)] 

Footnote: 
aUse VFs for volatile chemicals (defined as having a Henry's Law Constant [atm-m3/mol] greater than 10-5 and a molecular weight less than 
200 grams/mol) or PEF for non-volatile chemicals. 
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_________ 

Equation 4-4: Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil 

C(mg/kg) ' 
THQ x BWa x AT  n 

RfDo 106mg/kg
) % ( 1 

o 

SA x AF x ABS  o a aEF x EDo[( 1 x 
IRS 

x 
106mg/kg 

) % ( 1 x 
IRA 

)]o RfD RfDi VFs
a 

Tap Water Equations: 

Equation 4-5: Ingestion and Inhalation Exposures to Carcinogenic Contaminants in Water 

C(ug/L) ' 
EFr [(IFW

TR x AT  x 1000ug/mgc 

x CSFo) % (VF x InhFadj x CSFi)]adj w 

Equation 4-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Water 

C(ug/L) ' 
THQ x BWa x AT  x 1000ug/mgn 

IRW VF x IRA a w aEF x EDr [( 
RfD 

) % ( 
RfDi 

)]r 
o 

Air Equations: 

Equation 4-7: Inhalation Exposures to Carcinogenic Contaminants in Air 

C(ug/m 3) ' 
TR x AT  x 1000ug/mgc 

EF x InhFadj x CSFir 

Equation 4-8: Inhalation Exposures to Noncarcinogenic Contaminants in Air 

C(ug/m 3) ' 
THQ x RfDi x BW  x AT x 1000ug/mga n 

EF x ED  x IRA r r a 

Footnote: 
aUse VFs for volatile chemicals (defined as having a Henry's Law Constant [atm-m3/mol] greater than 10-5 and a molecular 
weight less than 200 grams/mol) or PEF for non-volatile chemicals. 
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Q/C 

SOIL-TO-AIR VOLATILIZATION FACTOR (VFs) 

Equation 4-9: Derivation of the Volatilization Factor 

VFs(m 3/kg) ' (Q/C) x 
(3.14 x DA x T)1/2 

x 10&4(m 2/cm 2)
(2 x ρb x DA) 

where: 

[(Θ10/3
a DiH ) % Θ10/3Dw)/n 2]

DA ' 
w 

% Θ H )ρBKd % Θ w a 

D

Parameter Definition (units) Default 

VFs Volatilization factor (m3/kg) -

A Apparent diffusivity (cm2/s) -

Θ

ρ

Inverse of the mean conc. at the center of a 68.81 
0.5-acre square source (g/M2-s per kg/m3) 

T Exposure interval (s) 9.5 x 108 

b Dry soil bulk density (g/cm3)  1.5  

a Air filled soil porosity (Lair/Lsoil) 0.28 or n-Θw 

n Total soil porosity (Lpore/Lsoil) 0.43 or 1 - (ρb/ρs) 

ρ

Θw Water-filled soil porosity (Lwater/Lsoil)  0.15  

s Soil particle density (g/cm3)  2.65  

Di Diffusivity in air (cm2/s) Chemical-specific 

H Henry's Law constant (atm-m3/mol) Chemical-specific 

H' Dimensionless Henry's Law constant Calculated from H by multiplying by 41 

K

K

D

(USEPA 1991a) 

w Diffusivity in water (cm2/s) Chemical-specific 

d Soil-water partition coefficient (cm3/g) = Kocfoc Chemical-specific 

oc Soil organic carbon-water partition coefficient (cm3/g) Chemical-specific 

foc Fraction organic carbon in soil (g/g) 0.006 (0.6%) 
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SOIL SATURATION CONCENTRATION (sat) 

Equation 4-10:  Derivation of the Soil Saturation Limit 

Ssat ' ρb 

(Kdρb % Θ w % H )Θ a) 

Θ

f

k

K

ρ

ρ

Parameter Definition (units) Default 

sat Soil saturation concentration (mg/kg) -

S Solubility in water (mg/L-water) Chemical-specific 

b Dry soil bulk density (kg/L) 1.5 

n Total soil porosity (Lpore/Lsoil) 0.43 or 1 - (ρb/ρs) 

s Soil particle density (kg/L) 2.65 

d Soil-water partition coefficient (L/kg) Koc x foc (chemical-specific) 

oc Soil organic carbon/water partition coefficient (L/kg) Chemical-specific 

oc Fraction organic carbon content of soil (g/g) 0.006 or site-specific 

w Water-filled soil porosity (Lwater/Lsoil)  0.15  

Θa Air filled soil porosity (Lair/Lsoil)	 0.28 or n-Θw 

(kg
w Average soil moisture content 0.1 

water/kgsoil or Lwater/kgsoil) 

H Henry's Law constant (atm-m3/mol)	 Chemical-specific 

H' Dimensionless Henry's Law constant	 H x 41, where 41 is a units 
conversion factor 
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SOIL-TO-AIR PARTICULATE EMISSION FACTOR (PEF) 

Equation 4-11:  Derivation of the Particulate Emission Factor 

3600s/hPEF(m 3/kg) ' Q/C x  
0.036 x (1&V) x (Um/Ut)3 x F(x) 

Parameter Definition (units) Default 

PEF Particulate emission factor (m3/kg) 1.316 x 109 

Q/C Inverse of the mean concentration at the center 90.80 

U

U

of a 0.5-acre-square source (g/M2-s per kg/m3) 

V Fraction of vegetative cover (unitless) 0.5 

m Mean annual windspeed (m/s) 4.69 

t Equivalent threshold value of windspeed at 7 m (m/s) 11.32 

F(x) Function dependent on Um/Ut  derived using 0.194 
Cowherd (1985) (unitless) 
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DISCLAIMER 

 
Use of California Human Health Screening Levels in Evaluation of Contaminated 
Properties has been prepared by the California Environmental Protection Agency 
(Cal/EPA).  This document is not intended to establish policy or regulation.  The 
Human Health Screening Levels presented here are not to serve as: 1) a stand-
alone decision making tool, 2) a substitute for guidance for the preparation of 
baseline human health risk assessments, 3) a rule to determine if a waste is 
hazardous under the state or federal regulations, 4) a rule to determine when the 
release of hazardous chemicals must be reported to the overseeing regulatory 
agency, 5) set of final cleanup or action levels to be applied at contaminated sites 
or 6) a guarantee that an oversight regulatory agency will determine that a project 
is adequately studied or agree with the conclusions of the site investigation and 
risk assessment report. 

The information presented in this document is not final Cal/EPA action.  Cal/EPA 
may update this information as needed without public notice.  This document is 
not intended, nor can it be relied upon, to create any rights enforceable by any 
party in litigation in the State of California.  Staff in overseeing regulatory 
agencies may decide to follow the information provided herein or act at a variance 
with the information, based on an analysis of site-specific circumstances. 

The CHHSLs should NOT be used to determine when impacts at a site 
should be reported to a regulatory agency.  The list of CHHSLs is also not a 
comprehensive list of all potential chemicals of concern that may be found at a 
property.  All releases of hazardous substances to the environment should be 
reported to the appropriate regulatory agency in accordance with governing 
regulations. Staff overseeing work at a specific site should be contacted prior to 
use of the information in this document to ensure that the document is applicable 
to the site and that the user has the most up-to-date version available. 

This document is not copyrighted.  Copies may be freely made and distributed. 
However, reference to or use of the screening levels presented in this document 
without adequate review of the accompanying narrative could result in 
misinterpretation and misuse of the information. 
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Overview 

What are the CHHSLs? 

The California Human Health Screening Levels (CHHSLs or “Chisels”) are 
concentrations of 54 hazardous chemicals in soil or soil gas that the California 
Environmental Protection Agency (Cal/EPA) considers to be below thresholds of 
concern for risks to human health.  The CHHSLs were developed by the Office of 
Environmental Health Hazard Assessment (OEHHA) on behalf of Cal/EPA, and 
are contained in their report entitled “Human-Exposure-Based Screening 
Numbers Developed to Aid Estimation of Cleanup Costs for Contaminated Soil” 
(Appendix 1). The thresholds of concern used to develop the CHHSLs are an 
excess lifetime cancer risk of one-in-a-million (10-6) and a hazard quotient of 1.0 
for noncancer health effects.  The CHHSLs were developed using standard 
exposure assumptions and chemical toxicity values published by the U.S. 
Environmental Protection Agency (USEPA) and Cal/EPA.  

How can the CHHSLs help facilitate restoration of contaminated 
properties? 

The CHHSLs can be used to screen sites for potential human health concerns 
where releases of hazardous chemicals to soils have occurred.  Under most 
circumstances, and within the limitations described in this document, the presence 
of a chemical in soil, soil gas or indoor air at concentrations below the 
corresponding CHHSLs can be assumed to not pose a significant health risk to 
people who may live (residential CHHSLs) or work (commercial/industrial 
CHHSLs) at the site.  As discussed below, however, evaluation of other potential 
environmental concerns must also be addressed. 

The presence of a chemical at concentrations in excess of a CHHSL does not 
indicate that adverse impacts to human health are occurring or will occur but 
suggests that further evaluation of potential human health concerns is warranted.  
Residential CHHSLs may be used in conjunction with the human health screening 
evaluation described in the Department of Toxic Substances Control (DTSC) 
Preliminary Endangerment Assessment (PEA) Guidance Manual to assist the risk 
manager in deciding whether further site characterization, risk assessment, or 
remediation is necessary (Cal/EPA 1994b).  Further evaluation may include 
additional sampling at the site, consideration of ambient levels in the 
environment, or a reassessment of the assumptions used to calculate the CHHSLs 
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or PEA estimates.   This stepwise approach expedites judgments about the degree 
of effort that may be necessary to remediate contaminated properties and restore 
the properties to productive use. 

How do the CHHSLs differ from cleanup standards? 

The CHHSLs presented in the lookup tables are NOT regulatory "cleanup 
standards".  Use of the CHHSLs and this document is voluntary on the part of 
those who choose to use them.  At sites where cleanup of contaminated soils to 
levels at or below the CHHSLs would be costly, the time and effort to develop 
more site-specific cleanup may be desired.  At sites where the extent of 
contaminated soil is limited or the timeframe available to carry out cleanup 
actions is very short, use of the CHHSLs as final soil cleanup standards may be 
cost-beneficial.  However, this would require the concurrence of both the 
responsible party and the overseeing regulatory agency and can only be done after 
a full evaluation of site conditions and other potential environmental concerns.  
Regulatory agencies cannot be compelled to use the CHHSLs as final cleanup 
standards for a contaminated property. 

If contaminant concentrations are below the CHHSLs am I 
finished? 

As discussed above, the CHHSLs cannot be used as a stand-alone tool for final 
cleanup and closure decisions.  In addition, using only the CHHSLs may not be 
protective of groundwater resources or address other potential environmental 
concerns.  Therefore, a thorough investigation of site conditions must also be 
performed to ensure that: 1) all potential human exposure pathways and exposure 
scenarios at the site are fully accounted for; 2) groundwater resources are 
protected; 3) terrestrial and aquatic habitats are protected, including the erosion of 
contaminated soils and subsequent runoff into a nearby wetland, stream or other 
aquatic habitat; and 4) that nuisance (e.g., odors and staining) and gross 
contamination concerns are addressed.   These and other issues related to 
environmental contamination that are identified at the site must be evaluated 
separately.  If a formal regulatory decision or determination is desired, additional 
assessment or cleanup of contaminated soils to address these concerns may 
ultimately be required. 
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How should the CHHSLs be integrated into the DTSC PEA process? 

The human health screening evaluation presented in the DTSC Preliminary 
Endangerment Assessment (PEA) document is intended to provide a preliminary 
evaluation of potential risk and hazard to human health.  The PEA process uses 
models and exposure assumptions similar to those used to develop the residential 
CHHSLs but does not provide actual risk-based screening levels based on these 
models.  The PEA screening evaluation assumes that the land use of the site will 
be residential, regardless of the current use and zoning for the site.  Therefore, 
residential CHHSLs for specific chemicals may be utilized in a PEA.  Chemicals 
that do not have CHHSLs should be evaluated using the DTSC PEA methodology 
for their potential to pose human health risks.  Chemicals found at a site should be 
evaluated separately for other potential environmental concerns, using the PEA 
guidance and other references as appropriate.  The user should consult DTSC for 
additional information about use of the CHHSLs in the PEA process. 

How are the CHHSLs related to the USEPA Preliminary 
Remediation Goals (PRGs) and to the San Francisco Bay Regional 
Water Quality Control Board Environmental Screening Levels 
(ESLs)? 

The soil and soil gas CHHSLs are modeled after the USEPA Region IX 
"Preliminary Remediation Goals (PRGs)" for these media 
(http://www.epa.gov/region09/waste/sfund/prg/index.htm).  The primary 
difference between the CHHSLs and the PRGs is the use of Cal/EPA-specific 
"toxicity factors" (estimates of a chemical’s toxicity to humans) in development 
of the CHHSLs, when available, rather than toxicity factors published by the 
USEPA.  For volatile chemicals, soil gas CHHSLs were developed to evaluate the 
potential intrusion of subsurface vapors (soil gas) into buildings and subsequent 
impacts to indoor air quality. 

The San Francisco Bay Regional Water Quality Control Board (SFBRWQCB) 
Environmental Screening Levels (ESLs) are a compilation of screening levels for 
not only risk to human health but also a number of other environmental concerns. 
The ESLs are intended for use only at sites overseen by that agency.  These ESLs 
may be found at the SFRWQCB web site at  
http://www.waterboards.ca.gov/sanfranciscobay/esl.htm.  The SFBRWQCB 
refers to the comprehensive evaluation of all potential environmental concerns as 
an “Environmental Risk Assessment,” as opposed to a more focused “Human 
Health Risk Assessment” reflected in development of the CHHSLs and this 

http://www.epa.gov/region09/waste/sfund/prg/index.htm
http://www.waterboards.ca.gov/sanfranciscobay/esl.htm
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document in general.  The soil, soil gas and indoor air ESLs and CHHSLs for 
human health concerns were developed using similar methodology and are 
essentially identical.  In addition, the SFBRWQCB document provides soil 
screening levels for leaching of contaminants into groundwater, toxicity to flora 
and fauna and nuisance or gross contamination concerns.  These concerns are not 
addressed by the CHHSLs and must be evaluated separately. 

Because many different sets of screening levels are now available, the overseeing 
regulatory agency should be consulted before using any screening levels in a 
human health screening evaluation.  The regulatory agency may have specific 
recommendations with respect to which screening levels it prefers to use at sites 
under their jurisdiction. 

If I am in the jurisdiction of the San Francisco Bay Regional Water 
Quality Control Board, can I continue to use that office's 
Environmental Screening Levels (ESLs) document? 

At sites in the jurisdiction of and overseen by the SFBRWQCB, the reader should 
consult the SFBRWQCB regarding continued use of the ESLs versus use of the 
CHHSLs.  

How often are the CHHSLs updated? 

The CHHSLs will be updated as needed to incorporate new toxicity information 
of referenced chemicals as well as new information regarding the exposure or 
potential exposure of humans to potentially hazardous chemicals in soils.  
CHHSLs for additional chemicals will also be included as they become available. 

Who can I contact for more information? 

Refer to the CHHSL link posted on the Cal/EPA website (www.calepa.ca.gov) for 
further information and local contacts.  The document will also be posted on the 
OEHHA web site (www.oehha.ca.gov), the DTSC web site (www.dtsc.ca.gov), 
the SWRCB web site (www.waterboards.ca.gov) and at the SFBRWQCB web 
site (www.waterboards.ca.gov/sanfranciscobay/), as well as other Regional 
Boards’ web sites. 

 

http://www.calepa.ca.gov/
http://www.oehha.ca.gov/
http://www.dtsc.ca.gov/
http://www.waterboards.ca.gov/
http://www.waterboards.ca.gov/sanfranciscobay/
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1 Introduction 

1.1 Purpose and Development 

The California Human Health Screening Levels (CHHSLs) were developed as a 
tool to assist in the evaluation of contaminated sites for potential adverse threats 
to human health.  Residential and commercial/industrial land use screening levels 
for soil, soil gas and indoor air are provided in Tables 1 and 2.  The screening 
levels in Table 1 pertain to direct exposure of humans to contaminants in soil via 
incidental soil ingestion, dermal contact and inhalation of vapors or dust in 
outdoor air.  The soil gas and indoor air screening levels in Table 2 pertain to the 
emission of volatile chemicals from contaminated soil or groundwater and their 
potential intrusion into overlying buildings. 

Preparation of the CHHSLs by the California Environmental Protection Agency 
(Cal/EPA) was required under the California Land Environmental Restoration and 
Reuse Act of 2001 (CLERRA 2001). CLERRA also required that a guidance 
document be prepared to explain how the CHHSLS may be used in California to 
aid in making judgments about the degree of effort (or costs) that might be 
necessary to remediate contaminated properties, facilitate the restoration and 
revitalization of contaminated properties, and assist local-level remediation 
programs in making more efficient and effective decisions. 

Appendix 1 is the Office of Environmental Health Hazard Assessment’s 
(OEHHA) report entitled “Human-Exposure-Based Screening Numbers 
Developed to Aid Estimation of Cleanup Costs for Contaminated Soil” which 
contains the CHHSLs, and describes the approach used to develop the human-
health-risk-based screening levels, the comments received regarding the draft 
document and OEHHA’s response to those comments.  The approach reflected in 
OEHHA’s report is based on the USEPA Risk Assessment Guidance for 
Superfund, Volume 1, Human Health Evaluation Manual (Part A) (USEPA 1989) 
and is essentially equivalent to the approach used by USEPA Region IX in 
developing their Preliminary Remediation Goals (USEPA 2004), the San 
Francisco Bay Area Regional Water Quality Control Board (SFRWQCB) in 
developing their Environmental Screening Levels for human health (SFRWQCB 
2003), and the Department of Toxic Substances Control (DTSC) in their 
Preliminary Endangerment Assessment (PEA) guidance (Cal/EPA 1994b). 
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Soil and soil gas data collected at a site can be directly compared to CHHSLs for 
each chemical of concern.  Under most circumstances, and within the limitations 
described, the presence of a chemical in soil or soil gas at concentrations below 
the corresponding CHHSLs can be assumed to not pose a significant health risk to 
people who may live or work at the site. The presence of a chemical at 
concentrations in excess of a CHHSL does not necessarily indicate that adverse 
impacts to human health are occurring but indicates that a potential for adverse 
risk may exist and that additional evaluation is warranted. 

Residential CHHSLs are appropriate for other types of sensitive property use, 
including hospitals, day care centers and schools.  In order to assess the 
maximum, future beneficial use of a property, data collected at commercial or 
industrial sites should be compared to both residential and commercial sets of 
screening levels.   A formal restriction to the deed may be required for sites that 
meet requirements for commercial/industrial use but not residential use.  
Regulatory agency oversight would be needed in this circumstance. 

The scope of the CHHSLs is limited to human health concerns.  For this reason, 
the CHHSLs cannot be used as a stand-alone tool to determine the extent of 
remedial actions needed at sites with contaminated soils. Depending on site 
conditions and the chemicals present, additional cleanup of contaminated soils 
may be required to protect groundwater resources, prevent toxicity to flora and 
fauna, address uptake in edible plants, and address nuisance and aesthetic 
concerns posed by odors and staining. A brief summary of these concerns and a 
list of references for evaluating these issues are provided at the end of the text. 

1.2 Tiered Approach to Environmental Risk 
Assessments 

Human health risk assessments for regulatory purposes are usually carried out 
using a step-wise or “tiered” approach.  Comparison of site data to residential soil 
or soil gas CHHSLs (e.g., in a screening health risk evaluation performed using 
the DTSC PEA guidance) usually represents “Tier 1”.  If multiple chemicals with 
similar health effects are present at a site then “forward mode,” cumulative health 
risks may also need to be calculated and compared to target Tier 1 goals before an 
evaluation of potential human health concerns can be completed (refer to Section 
2.8). 

If the results of the Tier 1 assessment indicate that further evaluation of human 
health risks is warranted, site-specific exposure assumptions, target risks, etc., can 
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be substituted for default parameter values used to develop the Tier 1 CHHSLs 
and alternative screening levels developed under a Tier 2 assessment.  This 
assessment can be incorporated into the guidelines presented in the DTSC PEA 
document. Prior to modifying the Tier 1 default assumptions, concurrence from 
the appropriate regulatory agency should be obtained.  Site data can then be 
compared to the revised screening levels.  This provides an intermediate but still 
relatively rapid and cost-effective option for preparing more site-specific 
screening or cleanup levels.  Cumulative health risks or hazards should also be 
presented under a Tier 2 assessment, as described in Section 2.8. 

If exposure pathways of concern and conditions at the site do not match those 
taken into account by the CHHSL framework or PEA methodology, a Tier 3, 
baseline human health and ecological risk assessment should be performed.  In a 
baseline human health and ecological risk assessment, alternative models and site-
specific assumptions are used to quantify the risk/hazard posed to human and/or 
ecological receptors by the impacted media in the “forward” mode.  After a 
baseline health risk assessment is accepted by the regulatory agency, the 
assessment may be used in the “backward’ model to develop site-specific 
screening or cleanup levels.   An understanding of the methodologies used to 
develop the CHHSLs is important to ensure consistency between all tiers of 
assessments and to expedite their preparation and review. 

1.3 Chemicals Not Listed In CHHSL Lookup Tables 

The lookup tables list 54 chemicals, including many that are commonly found at 
sites where releases of hazardous chemicals have occurred. Cal/EPA will 
incorporate CHHSLs for additional chemicals in future updates of this document 
as needed and practical.  Prior to that time, the PEA methodology should be used 
to evaluate those chemicals for which CHHSLs do not exist. Toxicity factors 
published by Cal/EPA should be utilized in the PEA when available, unless 
otherwise instructed by the overseeing regulatory agency. 

1.4 Limitations 

The CHHSLs presented in this document are NOT regulatory "cleanup 
standards."  Use of the CHHSLs as final cleanup levels to address human health 
concerns should be discussed with the overseeing regulatory agency and 
evaluated in terms of the cost/benefit of developing more site-specific cleanup 
levels through a risk assessment. 
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The CHHSLs presented in this document are NOT adequate to evaluate ALL 
environmental conditions at ALL contaminated sites.  Other environmental 
concerns posed by the presence of contamination at a site may include: 

 Leaching of contaminants from soil to groundwater and subsequent 
impacts to groundwater quality; 

 Intrusion of subsurface vapors into basements or buildings with 
substandard ventilation systems and subsequent impacts to indoor air; 

 Uptake of contaminants in edible fruit and vegetables and subsequent 
intake by humans; 

 Exposure of children and teachers at school sites; 

 Toxicity to terrestrial flora and fauna; 

 Gross contamination, including nuisance (odors, etc.) and aesthetic 
concerns. 

A summary of potential environmental concerns that may also be relevant at a site 
for a particular chemical is also provided in Table 1.   

The CHHSLs specifically do not address contamination in groundwater, surface 
water or sediment or the erosion of contaminated soils and subsequent runoff into 
a nearby wetland, stream or other aquatic habitat.  Contamination identified in 
these media or that may threaten these media must be considered separately.  
References for evaluation of contaminants in these media are provided in Chapter 
4. 

The soil gas CHHSLs for the intrusion of vapors into buildings may not be 
adequately conservative for estimating impacts to indoor air in poorly ventilated 
basements or buildings with substandard ventilation systems in general.  
Additional guidance on this subject is provided in Section 2.5.2. 

The CHHSLs for direct-exposure to soils concerns are calculated assuming that 
specific exposure pathways are complete for the human receptor:  incidental soil 
ingestion, dermal absorption of chemicals in soil, and inhalation of vapors or 
particulate matter in ambient (outdoor) air.  For volatile chemicals, the soil gas 
CHHSLs are calculated assuming that the exposure pathway of inhalation of 
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indoor air contaminated with vapors intruding from the subsurface is complete.  
If these pathways are not congruent with site conditions, the CHHSLs should not 
be used.  The PEA guidance should then be followed. 

The CHHSLS for inorganic chemicals (metals) are based on human health risks.  
However, metals are naturally occurring in the soil.  Therefore, metals 
concentrations should be compared to local background levels as discussed in 
Section 2.7.    
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2 CHHSL Lookup Tables 

2.1 Organization of Lookup Tables 

CHHSLS for soil, soil gas and indoor air are presented in Tables 1 and 2.  Soil 
CHHSLs address the potential direct exposure of residents and workers to 
contaminants in soil.  Indoor air and soil gas screening levels address the potential 
intrusion of subsurface vapors into buildings and subsequent impacts to indoor air 
quality (and resulting potential exposure of residents and workers in those 
buildings). 

Separate CHHSLs are presented for residential and commercial/industrial land 
uses.  A summary of models and exposure assumptions used for each land use is 
in Appendix 1.  The category "Residential Land Use" applies to sites where 
unrestricted land use is desired.  This includes use for residences, hospitals, day-
care centers and other sensitive purposes (Cal/EPA 2002).  Residential CHHSLs 
incorporate conservative assumptions regarding the long-term, frequent exposure 
of children and adults to contaminated soils in a residential setting.  In contrast, 
"Commercial/Industrial Use Only" assumes that only working age adults will be 
present at the site on a regular basis.  Exposure assumptions incorporated into 
these CHHSLs are less conservative than assumptions used in the residential land-
use scenario.   

In a DTSC PEA, the land use of the site under a Tier 1 assessment is assumed to 
be residential, regardless of the current use and zoning for the site.  Other 
regulatory agencies may evaluate land use with respect to the current and 
foreseeable future use of the site in question.  Reference to adopted General Plan 
zoning maps and local redevelopment plans is an integral part of this evaluation. 

If chemicals at a site exceed residential CHHSLs but are below CHHSLs for 
commercial/industrial land-use, restrictions on the use of affected property will 
likely be necessary (refer to Section 2.10).  The need for such restrictions should 
be weighed against the cost-benefit of remediating the property to meet the 
CHHSLs for unrestricted land use. 

Although schools may also be a sensitive land use, proposed school sites must be 
evaluated using the OEHHA Guidance for Assessing Exposures and Health Risks 
at Existing and Proposed School Sites (Cal/EPA 2004a) rather than the CHHSLs.  
Refer to Section 2.9 for a discussion of school-specific risk evaluations.  Use of 
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the lookup tables for sites with other land uses (e.g., agriculture, parkland, etc.) 
should be discussed with and approved by the overseeing regulatory agency. 

2.2 Developing a Conceptual Site Model 

The primary condition for use of CHHSLs is that exposure pathways of concern 
and conditions at the site match those taken into account in the development of 
the CHHSLs.  Thus, it is always necessary to develop a conceptual site model 
(CSM) to identify likely contaminant source areas, exposure pathways, and 
potential receptors to determine the applicability of CHHSLs at the site and the 
need for additional information.  The conceptual site model summarizes 
information about site conditions in a schematic presentation in terms of: 1) 
primary sources (e.g., leaking tanks); 2) secondary sources (e.g., contaminated 
soil); 3) contaminant transport mechanisms (e.g., volatilization and intrusion into 
buildings); 4) contaminated exposure media (e.g., indoor air); and 5) potentially 
complete exposure pathways.   

The CSM can be used to provide a rationale for additional site investigation, as a 
basis for a more detailed CSM, and/or to select screening levels or cleanup levels 
for specific environmental concerns.  An example model is shown in Figure 2-1.  
The example model represents a hypothetical release of petroleum-based fuels 
and pesticides to soil and groundwater at a large housing redevelopment project 
with open spaces accessible to residents (direct exposure), enclosed buildings 
(vapor intrusion), wetlands (ecotoxicity) and communal garden areas where fruits 
and vegetables are grown (uptake in edible plants).  Potential environmental 
concerns at the hypothetical site are identified by a check mark in the appropriate 
column.  In addition, xylene and other compounds in petroleum often cause odor 
and aesthetic concerns (nuisances).  Cleanup to address these and other gross 
contamination concerns may be required even after all other potential concerns 
have been adequately addressed. 

If completed exposure pathways at a site match those pathways considered in the 
development of the CHHSLs, the appropriate soil and soil gas data can be directly 
compared to the CHHSLs to determine if the magnitude of exposure may pose a 
potential threat to human health.  If the exposure pathways at a site do not match 
those pathways used in the development of the CHHSLs, these screening levels 
may not be used, and a site-specific human health risk evaluation should be 
performed. 
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Other potential environmental concerns must be evaluated separately, either 
through use of a comparable set of screening levels or through a more detailed, 
site-specific environmental risk assessment.  Additional information regarding the 
preparation of conceptual site models is provided in the DTSC Preliminary 
Endangerment Assessment Manual (Cal/EPA 1994b), the USEPA Region IX 
Preliminary Remediation Goals document (USEPA 2004), the USEPA Guidance 
for Conducting Remedial Investigations and Feasibility Studies Under CERCLA, 
Interim Final Document (USEPA 1988) and the Region 2 Environmental 
Screening Levels document (SFBRWQCB 2003). 

2.3 Using the Lookup Tables 

A step-by-step approach for using the CHHSLs is summarized below.   

Step 1 – Check for CHHSL Updates and Applicability 
Check with the overseeing regulatory agency to determine if the CHHSLs can be 
applied to the subject site.  Ensure that the most up-to-date CHHSLs are being 
used. 

Step 2 - Prepare a Conceptual Site Model 
The purpose of the conceptual site model is to present information about site 
conditions and potential impacts to receptors.  All potential environmental 
concerns at the site (e.g., contaminant sources, pathways, exposure routes and 
receptors) should be clearly identified in a conceptual site model (Section 2.2 and 
Chapter 4).  Identification of these concerns helps to provide the rationale for the 
type and location for site sampling.  The level of detail required in a conceptual 
site model will vary from site to site.  The presentation and scope of the model 
should be discussed with the overseeing regulatory agency.  The conceptual site 
model should be continually updated as additional data for the site is obtained. 

Step 3 – Collect Data  
An environmental risk assessment is based on the results of a thorough site 
investigation, where all chemicals of potential concern have been identified.  The 
scope and type of site investigation will vary depending on the site specific 
history and the nature of the actual or suspected chemical release.  Sampling 
objectives should be defined in advance of field activities.  For example, the 
objective may be to document whether a release has occurred; to identify hot 
spots that may require an expedited removal action; to provide sufficient data to 
determine whether site remediation is necessary; or to evaluate whether site 
conditions would be consistent with proposed or potential land uses. 
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Steps 4 - Determine the Desired Land Use 
Screening levels for residential land use are generally appropriate for other 
sensitive uses of the property (e.g., day-care centers, hospitals, etc.).  If preparing 
a DTSC PEA, residential land use CHHSLs should be used.  For evaluation of 
commercial/industrial properties, it is highly recommended that site data be 
compared to CHHSLs for both unrestricted/residential and 
commercial/industrial land use.  Commercial/industrial CHHSLs should be 
used only under the oversight of a regulatory agency, as that agency will likely 
require a land use covenant that restricts use of the property to these purposes. 

Steps 5 - Select CHHSLs 
Based on the actual or proposed land use, select the appropriate soil and/or soil 
gas CHHSLs.  Replace CHHSLs with naturally occurring, background 
concentrations of chemicals of concern (e.g., arsenic) or laboratory method 
reporting levels if appropriate (see Sections 2.6 and 2.7). 

Step 6 - Compare Site Data To CHHSLs; calculate cumulative risks as 
necessary 
Compare site data to CHHSLs to identify areas where concentrations of 
contaminants pose potential human health concerns.  For sites where sample data 
are limited and/or if preparing a DTSC PEA, compare the maximum-detected 
concentrations of chemicals of concern to the CHHSLs.  
 
For sites where an adequate number of data points are available, statistical 
methods can be used to estimate site-specific exposure point concentrations.  The 
exposure point concentration is the lesser of the maximum-detected concentration 
and the 95% upper confidence limit (UCL) of the arithmetic mean of sample data 
(Cal/EPA 1996a).  The USEPA guidance document Calculating Upper 
Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites 
recommends evaluating the distribution of the data and choosing the best UCL 
estimate for the data set (USEPA 2002).  Guidance for the estimation of exposure 
point concentrations, use of “non-detect” data, and other issues is also provided in 
the Cal/EPA documents Preliminary Endangerment Assessment Guidance 
Manual (Cal/EPA 1994b), Supplemental Guidance For Human Health 
Multimedia Risk Assessments of Hazardous Waste Sites and Permitted Facilities 
(Cal/EPA 1996a), among other sources.  As discussed in these documents, sample 
data collected outside of impacted areas should generally not be included in 
estimation of exposure point concentrations.   
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For residential land use scenarios, soil sample data should be averaged over no 
more than a 1,000 ft2 area (assumed area of a typical, urban area back yard and 
footprint area of typical residence).  For commercial/industrial properties, soil 
sample data can be averaged within affected areas of open spaces. 
 
Use the maximum soil gas concentration over an area of the footprint of existing 
or assumed future buildings to compensate for potentially isolated rooms within a 
building and the uncertainties in soil gas collection.   
 
If multiple chemicals with similar heath effects are present at a site, the 
cumulative excess cancer risk and/or noncancer hazard index should be calculated 
before final consideration of the site for closure.  This will be of particular 
concern at sites where residual concentrations of chemicals with similar 
noncancer health effects may approach CHHSLs following the proposed, final 
cleanup of contaminated soil.  Calculation of cumulative risks and hazard indices 
is discussed in Section 2.8.  The need to include calculation of cumulative health 
risks in final closure reports should be discussed with the overseeing regulatory 
agency. 
 
Steps 7 - Evaluate the Need for Additional Investigation or Actions to 
Address Human Health Concerns 
Based on a comparison of available site data to the CHHSLs, the objectives 
identified in Step 3 should be evaluated. For example, comparison to CHHSLs 
may show that a site does not pose an unacceptable health risk to residential users, 
or it may show that additional investigation is warranted. Summarize the results 
of this evaluation in the Tier 1 Human Health Risk Assessment report (or 
preliminary endangerment assessment), and include recommendations for 
additional investigations or remediation as needed.  Decisions for or against 
additional actions should always be made in coordination with the overseeing 
regulatory agency. 

Step 8 - Evaluate Other Potential Environmental Concerns 
The soil CHHSLs presented in Table 1 are limited to human health concerns 
associated with direct exposure to contaminated soil.  In many instances, the 
presence of a potential hazardous chemical in soil may pose other environmental 
concerns that outweigh the risk to human health through direct exposure (see 
Sections 1.4 and 2.2, Chapter 4 and Table 1).  The purpose of the Conceptual Site 
Model (Step 2) is to assist the user in identifying these concerns early in the 
process.  For example, many metals and pesticides are significantly more toxic to 
flora and fauna than they are to humans (e.g., copper and nickel).  Chemicals that 
easily leach from soils (e.g., MTBE) may pose a threat to shallow groundwater 
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resources even though direct exposure to the soils does not pose a significant 
health risk.  Since the CHHSLs do not address impacts to groundwater, surface 
water or sediment, these and other potential environmental concerns should be 
addressed as part of a comprehensive environmental risk assessment. 

2.4 Screening For Soil Direct-Exposure Concerns 

The soil screening levels presented in Table 1 address potential exposure of 
humans to contaminants in soil through incidental soil ingestion, dermal 
absorption and inhalation of dust or vapors in outdoor air.  These soil screening 
levels are given in milligrams (mg) of chemical per kilogram (kg) of dry soil.  
Therefore, the analytical laboratory must be instructed to report their results 
accordingly. Models and assumptions used to develop the soil CHHSLs are 
summarized in Appendix 1.  The CHHSLs represent a combination of standard 
assumptions regarding exposure of residents and workers to contaminants in soil 
and outdoor air and toxicity factors for each of the specific chemicals listed.  
CHHSLs for chemicals that are known or suspected carcinogens were calculated 
using a target excess lifetime cancer risk of one-in-one-million (10-6).  A target 
hazard quotient of 1.0 was used to calculate CHHSLS for noncancer health 
effects. 

The presence of a chemical in soil at concentrations below its corresponding 
CHHSL can be assumed to not pose a significant health risk to people who may 
live or work at the site.  Since sites usually have multiple contaminants, the 
cumulative, or total risk and hazards posed by all the hazardous chemicals a site 
should also be estimated using the approach described in Section 2.8.  

Residential and commercial/industrial soil CHHSLs are applicable to soils that are 
at the ground surface or could be brought to the ground surface at some time in 
the future, with subsequent potential exposure by human receptors.  A depth of 
more than three meters (approximately 10 feet) is generally used to delineate 
"deep" soils that are likely to remain isolated in the subsurface versus "shallow" 
soils that may be exposed during future redevelopment activities (Cal/EPA 
1996a).  Exposure of workers to deeper soils could still occur during periodic 
construction and utility maintenance work. Even if deep soil contamination does 
not present a human health risk, the overseeing regulatory agency may require 
preparation of a formal land-use covenant in order to allow such contamination to 
remain on site.  
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2.4.1 Evaluating Lead 

In Table 1, the Commercial/Industrial Soil CHHSL for lead is listed as 3,500 
mg/kg.  This number was calculated using the methods described in Appendix 1.  
It should be noted, however, that this screening number is above the Total 
Threshold Limit Concentration for lead (1,000 mg/kg) as defined in Title 22 of 
the California Code of Regulations.  It is also above the USEPA Region IX 
Preliminary Remediation Goal (PRG) of 800 mg/kg for commercial land use. 
 
OEHHA is evaluating the method it used to derive its health-based screening 
number for a commercial/industrial scenario.  Until this evaluation is complete, 
the commercial/industrial Soil CHHSL for lead in Table 1 should be considered 
an interim value, and the overseeing regulatory agency should be consulted on the 
appropriate screening number to be used at a site under investigation. 
  

2.5 Screening of Volatile Organic Chemicals 

2.5.1 Soil Screening Levels for Direct Exposure Concerns 

Screening levels for direct exposure to volatile organic compounds (VOCs) in soil 
were not developed by OEHHA and are not included in this edition of the 
CHHSLs document.  Direct-exposure models such as those used by USEPA 
Region IX do not take into account the total amount (mass) of a volatile chemical 
that might be present at a site (refer to Appendix 2).  This is important, since the 
direct-exposure models assume a continuous off-gassing of vapors throughout a 
30-year exposure period.  In addition, the models assume exposure both via 
inhalation of vapors emitted to outdoor air and via incidental ingestion of volatile 
chemicals in soil.  These assumptions may be overly conservative for highly 
volatile chemicals that are not expected to remain at significant concentrations in 
the soil over time following off-gassing to the outdoor air. 

Bulk soil screening levels (i.e. concentrations measured in soil) for volatile 
chemicals are not presented in this document.  The restricted size of soil samples 
limits the ability to use soil data to evaluate vapor intrusion concerns except at 
sites with very minor releases.  At sites where significant releases of volatile 
chemicals have occurred, the collection of soil gas data in conjunction with bulk 
soil data is strongly recommended.  For sites characterized by only minor releases 
of volatile chemicals and limited impacts to soil (e.g., minor spills around the fill 
ports of underground storage tanks), cleanup of soils to meet direct-exposure 
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concerns should generally be adequate to address vapor intrusion concerns (see 
also Table 1). 

2.5.2 Soil Gas Screening Levels for Vapor Intrusion Concerns 

The indoor air and soil gas screening levels presented in Table 2 address the 
potential emission of volatile chemicals from contaminated soil or groundwater 
and subsequent intrusion into the indoor air of overlying buildings.  A full 
discussion of the development of the soil gas screening levels, and the models and 
assumptions used, is discussed in Appendix 1.   

The soil gas CHHSLs for the intrusion of vapors into buildings were developed 
assuming that buildings have a “slab on grade” construction.  The screening levels 
are also considered to be adequately conservative for buildings with crawl space 
or underground parking construction.  These reflect the most common type of 
building designs in California.  The soil gas screening levels may not be 
adequately conservative for estimating impacts to indoor air in structures with 
basements, however, or buildings with substandard ventilation systems in general.  
Field data suggest that attenuation of vapors in such scenarios may be an order of 
magnitude below that expected in rooms or buildings with normal ventilation 
systems.  Therefore, at sites where significant vapor intrusion concerns may exist, 
the collection and evaluation of samples from both basement areas and overlying 
living spaces may be warranted. 

Additional information on subsurface vapor intrusion into buildings is provided 
the USEPA document User’s Guide for the Johnson and Ettinger (1991) Model 
for Subsurface Vapor Intrusion into Buildings (USEPA 2003) and in the 
following section. 

2.5.3 Evaluating Vapor Intrusion Concerns 

If the concentration of a volatile chemical in soil gas at a site exceeds its CHHSL, 
the exposure pathway of soil vapor intrusion into indoor air should be further 
evaluated using the Cal/EPA Guidance for the Evaluation and Mitigation of 
Subsurface Vapor Intrusion to Indoor Air (Cal/EPA 2004b).  The investigation of 
this pathway can be complex.  The identification of sources of indoor air 
contaminants is often complicated by the presence of the same or similar 
chemicals products found and used in many households and industrial buildings 
(e.g., aerosol sprays, dry-cleaned clothing, cleaners, and tobacco smoke).  
Elevated levels of the same chemicals in ambient, outdoor air also pose a 
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problem.  Plumes of groundwater contaminated with volatile chemicals can also 
serve as the source of volatile chemicals found in soil gas and extend over 
significant areas.  If there is strong evidence that the intrusion of vapors into 
buildings may exceed levels of potential concern, the collection and analysis of 
indoor air samples may be necessary.  The inevitable effect of indoor air studies 
on the personal lives of residents and building workers will further require that 
risk issues be carefully communicated.  

Guidance on the collection of soil gas and indoor air samples is provided in the 
following documents, among other sources: 

 Soil Gas Advisory (January 2003): Department of Toxic Substances 
Control and Los Angeles Regional Water Quality Control Board; 
http://www.dtsc.ca.gov/policyAndProcedures/SiteCleanup/SMBR_ADV_
activesoilgasinvst.pdf. 

 Indoor Air Sampling And Evaluation Guide (2002): Massachusetts 
Department of Environmental Protection, Office of Research and Standards, 
WSC Policy #02-430; http://www.state.ma.us/dep/bwsc/finalpol.htm. 

Properly collected indoor air sample data may be compared to the indoor air 
screening levels. Averaging of indoor air data within a single building may not be 
appropriate beyond the specific room being tested.  Screening levels for indoor air 
(Table 2) are based on standard exposure models for long-term inhalation of 
contaminants in air at a target excess cancer risk of 10-6 and a target hazard 
quotient of 1.0.  The indoor air CHHSLs do not account for potential cumulative 
effects posed by the presence of multiple contaminants in air (see Section 2.8).   
 
2.6 Substitution of Laboratory Reporting Limits for 

CHHSLs  

The overseeing regulatory agency should review and agree to the analytical 
methods used to quantify chemicals in soil samples to make sure that the methods 
are sensitive enough to detect low concentrations of chemicals of potential 
concern.   The attainment of detection limits that are at or below the screening 
levels should be part of the Data Quality Objectives.  If all agreed-upon methods 
have been used, the overseeing regulatory agency may allow the use of the 
method reporting limit in place of the screening level in cases where a CHHSL for 
a specific chemical is less than its laboratory method reporting limit.   Potential 

http://www.dtsc.ca.gov/policyAndProcedures/SiteCleanup/SMBR_ADV_activesoilgasinvst.pdf
http://www.dtsc.ca.gov/policyAndProcedures/SiteCleanup/SMBR_ADV_activesoilgasinvst.pdf
http://www.state.ma.us/dep/bwsc/finalpol.htm


 

January 2005 CHHSLS 2-10

examples include the soil direct-exposure CHHSL for dioxin (e.g., 0.0000046 
mg/kg for residential exposure). 

2.7 Substitution of Naturally Occurring Concentrations 
for CHHSLs  

Naturally occurring background concentrations of arsenic, beryllium, cadmium, 
chromium and other metals in soils may exceed their respective soil CHHSLs.  
Cal/EPA generally does not require cleanup of soil to below background levels.  
This issue is frequently encountered with arsenic.  Natural background 
concentrations of arsenic in California are often well above the health-based, 
direct-exposure goals in soil of 0.07 mg/kg for residential land use and 0.24 
mg/kg for commercial/industrial land use (e.g., Bradford et. al, 1996; LBNL 
2002).  Background concentration of arsenic or other metals of potential concern 
at a site should be determined from analysis of site-specific samples in 
uncontaminated areas using guidance published by Cal/EPA and/or reference to 
published data for nearby sites (Cal/EPA 1997).  However, background data for 
nearby sites may only be used as a surrogate for uncontaminated site data if those 
data are obtained from soil of the same lithology as that found on-site.   

2.8 Cumulative Risks at Sites with Multiple 
Contaminants 

Risks posed by exposure to multiple chemicals with similar health affects are 
considered to be additive or "cumulative."  For example, the total excess lifetime 
risk of cancer posed by the presence of several carcinogenic chemicals in all 
exposure media is the sum of the risk posed by each individual chemical.  The 
same is true for chemicals that cause noncarcingenic health effects. 

A stepwise approach for screening of sites with multiple contaminants is 
suggested (after USEPA 2004): 

Step 1: Identify potential chemicals of concern. 

Step 2: Record CHHSLs for each chemical separated by media type (soil, soil 
gas and/or indoor air).  Include CHHSLs for both cancer and noncancer 
effects, if available (refer to Appendix 1).  If CHHSLs are not available 
for specific chemicals, evaluate those chemicals using the approaches 
discussed in Appendix 1 and in the PEA manual.   
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Step 3: Calculate cumulative cancer risk estimates by taking the assumed 
exposure point concentration for each chemical (maximum or approved 
95% UCL) and divide by the respective CHHSL concentration 
designated for cancer evaluation. Multiply the ratio by 10-6 (the target 
risk used to develop the CHHSLs) to calculate the estimated cancer risk 
for that specific chemical for a reasonable maximum exposure (RME). 
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For multiple chemicals, simply add the risks for individual chemicals or 
sum individual ratios and multiply the total by a factor of 10-6: 

Step 4:  Calculate cumulative noncancer hazard estimates by taking the assumed 
exposure point concentration for each chemical (maximum or approved 
95% UCL) and divide by the respective CHHSL concentration 
designated for noncancer effects.  This generates an individual Hazard 
Quotient for that chemical. Calculate a cumulative Hazard Index by 
adding the individual Hazard Quotients.  A Hazard Index of one or less 
is generally considered “safe”.  A ratio that is greater than one suggests 
that further evaluation is necessary. (Note that carcinogens may have 
CHHSLs for both cancer effects as well as noncancer effects.  Refer to 
Appendix 1). 

For more information, refer to the USEPA Preliminary Remediation Goals 

document (USEPA 2002).  OEHHA has also developed a spread sheet tool for 
calculating cumulative risk.  This spread sheet is available on Cal/EPA’s, 
DTSC’s, the State Board’s and OEHHA’s web pages. 
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2.9 Evaluation of School Sites 

DTSC’s Schools Property Evaluation and Cleanup Division is the lead agency for 
the environmental assessment of potential contamination at new, expanding, or 
existing schools.  Since January 2000, school districts have been required to 
conduct an environmental assessment under the oversight and approval of DTSC 
prior to the construction of new schools.  By law, DTSC uses specific guidance 
and protocols for school projects.  Because of this, the CHHSLs may not be 
applicable for these sites.  Contact DTSC for further information and direction for 
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the evaluation of potential contamination on school properties and the application 
of the CHHSLs.  
 
2.10  Use of CHHSLs as Cleanup Levels and Land Use 

Restrictions 

As stated earlier in this guidance, these CHHSLs are not stand-alone decision 
making tools, a set of final cleanup or action levels to be applied at contaminated 
sites or a guarantee that an oversight regulatory agency will determine that a 
project is adequately studied or agree with the conclusions of the site investigation 
and risk assessment report.  Cleanup decisions are at the discretion of the 
overseeing regulatory agency and can only be made after a full evaluation of site 
conditions and potential human health and environmental concerns. 

While regulatory agencies cannot be compelled to use the CHHSLs as final 
cleanup standards for a contaminated property, there may be circumstances where 
the residential CHHSLS would be sufficiently protective and considered as 
appropriate cleanup levels with the following caveats. 

• The overseeing regulatory agency has determined that the site has been 
adequately characterized and agrees that the use of CHHSLs is 
appropriate. 

• The potentially complete exposure pathways at the site match the exposure 
pathways used to develop the CHHSLs and no additional completed 
exposure pathways or receptors were identified. 

• All other environmental concerns have been addressed to the satisfaction 
of the overseeing regulatory agency (refer to Section 1.4 and Table 1). 

In a similar manner, there may be circumstances where the Commercial/Industrial 
CHHSLS would be sufficiently protective and considered as appropriate cleanup 
goals under regulatory agency oversight.  Their use at a site in this context must 
also be coupled with the understanding that such a use of these CHHSLs may be 
subject to existing regulations and land-use covenants.  In addition, the following 
should also be considered: 

• Concentrations of chemicals in soils left in place at a 
commercial/industrial site should always be compared to both 
commercial/industrial AND residential CHHSLs.  If the soils meet 
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CHHSLs for residential land use after cleanup then this should be clearly 
stated in the site closure report. This point may prove important should 
the site unexpectedly become desirable for other uses in the future (e.g., 
residential, day care, health care, etc.). 

• Sites cleaned up to commercial CHHSLs only are not suitable for 
unrestricted land use without further evaluation.  The appropriate 
regulatory agency should be consulted to determine actions necessary to 
remove land-use restrictions.    
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3 Conditions Warranting Site Specific 

Human Health Risk Assessments 

3.1 Site Considerations 

Use of the CHHSLs is optional and a standard human health risk assessment may 
be undertaken for any site.  Site conditions may prevent the full use of the 
CHHSLs and require preparation of a more site-specific, health risk evaluation or 
baseline risk assessment (refer to Section 1.2).  Examples of site conditions that 
may warrant site-specific or detailed human health risk assessment include: 

• Sites that have a high public profile and need a detailed, fully documented 
human health risk assessment for public review; 

• Sites where multiple contaminants with similar health effects are present and 
cumulative health risks (or hazards) must be calculated; 

• Sites with contaminants for which CHHSLs have not been developed. 

• Sites where alternative target risk levels or chemical-specific toxicity factors 
may be acceptable to the regulatory agency (Appendix 1); 

• Sites where direct-exposure concerns for residents and workers may not 
need to be considered (Section 2.4); 

• Sites where site conditions may be engineered to eliminate or reduce 
specific exposure pathways; 

• Sites where field observations or site conditions indicate that the CHHSLs 
may not be adequately protective or may be excessively conservative. 

Additional considerations should be evaluated on a site-by-site basis and 
discussed with the overseeing regulatory agency. 
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3.2 Tier 2 Human Health Risk Assessments 

3.2.1 Purpose 

The Tier 1 CHHSLs were developed with default or generic assumptions that are 
not specific to any particular site condition.  If site soil concentrations exceed 
CHHSLs, site-specific exposure assumptions may be used in the standard risk 
models described in Appendix 1 or the PEA guidance to estimate risk and/or 
develop site-specific CHHSLs.   Using alternative exposure assumptions in these 
standard risk models could reduce the time and cost incurred by both the 
regulated business and the overseeing responsible party in finalizing the risk 
assessment.  Modifications to the default assumptions must be described and 
justified in the text of the report, presented with the revised set of screening or 
cleanup levels, and agreed to beforehand with the regulatory agency. 

3.2.2 Examples of Site-Specific Adjustments 

Potential site-specific modifications include: 

• Use of alternative target risk levels, and/or alternative exposure 
assumptions; 

• Elimination of direct-exposure concerns through imposition of 
institutional controls; 

• Inclusion of potential exposure of construction and trench workers to 
contaminated soil not likely to be exposed at the ground surface in the 
future (e.g., capped soils or soils isolated at depth); 

• Consideration of method reporting limits or natural background or 
ambient concentrations of a chemical in place of the CHHSL. 

After incorporating site-specific parameter values into the Tier 1 direct-exposure 
models, alternative human-health-based screening levels can be calculated and re-
compared to site data.     

3.3 Tier 3 (Baseline) Human Health Risk Assessments 

3.3.1 Purpose 

In a site-specific baseline human health risk assessment, alternative models and 
assumptions are used and fully justified to develop a detailed, comprehensive 
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human health risk assessment.  Portions of the models and assumptions used to 
develop the CHHSLs may still be retained for some components of the risk 
assessment.  Any baseline human health risk assessment should be carried out 
under the oversight of the regulatory agency.   

Detailed guidance on the preparation of and information for use in site-specific 
baseline environmental risk assessments is provided in the following references:   

Human Health Risk Assessment: 

• Risk Assessment Guidance for Superfund. Volume I, Human Health 
Evaluation Manual (Part A) (USEPA 1989a); 

• Soil Screening Guidance: Technical Background Document (USEPA 1996); 

• CalTOX, A Multimedia Total Exposure Model For Hazardous-Waste Sites 
(Cal/EPA 1994a); 

• Preliminary Endangerment Assessment Guidance Manual (Cal/EPA 1994b); 

• Supplemental Guidance For Human Health Multimedia Risk Assessments of 
Hazardous Waste Sites and Permitted Facilities (Cal/EPA 1996a); 

• Exposure Factors Handbook (USEPA 1997a); and 

• Assessing the Significance of Subsurface Contaminant Vapor Migration to 
Enclosed Spaces (Johnson et. al, 1998). 
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4 Evaluation of Other Potential 

Environmental Concerns 

 

The importance of identifying all environmental concerns at sites where releases 
of hazardous chemicals have occurred is discussed in Sections 1.4 and 2.2.  The 
CHHSLs provided in Tables 1 and 2 specifically address risks to human health 
posed by exposure to contaminated soil and indoor air.  At sites affected by highly 
toxic but relatively immobile chemicals (e.g., PCBs, DDT, arsenic, etc.), cleanup 
of contaminated soils to address human health concerns will generally be 
sufficient to address other potential environmental concerns provided that 
sensitive ecological habitats are not threatened.  In other cases or for other 
chemicals, additional environmental concerns may still be present even after 
impacted soils have been remediated to levels sufficient to address risks to human 
health.  This could include leaching of contaminants from soil and subsequent 
impacts on groundwater resources, toxicity to terrestrial biota, uptake of 
contaminants in edible fruits or vegetables and nuisance or gross contamination 
concerns. 

A summary of other environmental concerns potentially posed by contaminants in 
soil is incorporated into Table 1.  This summary compares the CHHSLs to the 
SFBRWQCB’s ESLs for leaching, ecotoxicity and nuisance concerns. The ESLs 
can be found at http://www.waterboards.ca.gov/sanfranciscobay/esl.htm.   

For example, the residential CHHSL for endrin in soil (21 mg/kg) is much higher 
than the corresponding ESL for ecotoxicity concerns (0.06 mg/kg).  This means 
that ecotoxicity concerns may outweigh human health concerns at sites where 
potentially sensitive habitats are present (designated by an "X" in the Table 1).  
This is not surprising, since endrin, a pesticide, was specifically formulated to be 
highly toxic to terrestrial biota. 

http://www.waterboards.ca.gov/sanfranciscobay/esl.htm
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Additional evaluation should be carried out at sites where the basic conceptual 
site model indicates that the presence of contaminated soils may pose other 
environmental concerns or where potential impacts to groundwater, surface water 
or sediment are identified.  It is beyond the scope of this document to present 
guidance on the proper evaluation of these additional concerns.  However, useful 
references are provided in Figure 4-1.  Additional risk assessment guidance 
should be consulted as needed. 
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Figure 2-1. Example conceptual site model depicting environmental concerns identified at a site where hazardous chemicals were released 
to soil and groundwater.  See Section 2.2. 
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Figure 2-2. Example focused conceptual site model of human health concerns identified at a site where hazardous chemicals 
were released to soil and groundwater.  See Section 2.2.
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Environmental Concern Reference/Website
Leaching and migration of 
contaminants to groundwater

USEPA Soil Screening Guidance (USEPA 1996):
http://www.epa.gov/superfund/resources/soil/index.htm
SFBRWQCB ESL Document (SFBRWQCB 2003):
http://www.waterboards.ca.gov/sanfranciscobay/esl.htm. 
USEPA Synthetic Precipitation Leaching Procedure (USEPA 1994):
http://www.epa.gov/epaoswer/hazwaste/test/main.htm.
Commonly Used Models: SESOIL, VLEACH

Ecotoxicity USEPA Ecological Soil Screening Guidance (USEPA 1996):
http://www.epa.gov/superfund/programs/risk/ecorisk/ecossl.htm
Risk Assessment Guidance for Superfund: Volume II Environmental Evaluation Manual (USEPA 
1989b);
Ecological Risk Assessment Guidance for Superfund:  Process for Designing and Conducting 
Ecological Risk Assessments (USEPA 1997b)
Guidance for Ecological Risk Assessments at Hazardous Waste Sites and Permitted Facilities 
(CalEPA 1996a,b)
Ontario MOEE Rational for the Development and Application of Generic Soil, Groundwater and 
Sediment Criteria for Use at Contaminated Sites in Ontario (MOEE 1996):
http://www.ene.gov.on.ca/
SFBRWQCB ESL Document (SFBRWQCB 2003):
http://www.waterboards.ca.gov/sanfranciscobay/esl.htm
NOAA Sediment Screening Table (NOAA 1999):
http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html

Ingestion via plant uptake USEPA Soil Screening Guidance (USEPA 1996):
http://www.epa.gov/superfund/resources/soil/index.htm
USEPA Fertilizer Risk Assessment (USEPA 1999):
http://www.epa.gov/epaoswer/hazwaste/recycle/fertiliz/risk/
CalEPA CALTOX model (CalEPA 1994a):
http://www.dtsc.ca.gov/
Massachusetts DEP Guidance for Disposal Site Risk Characterization (MADEP 1995): 
http://www.state.ma.us/dep/ors/orspubs.htm

Nuisance/Gross Contamination Massachuestts DEP Background Documentation for the Development of the MCP Numerical 
Standards (MADEP 1994):
http://www.state.ma.us/dep/ors/orspubs.htm
SFBRWQCB ESL Document (SFBRWQCB 2003):
http://www.waterboards.ca.gov/sanfranciscobay/esl.htm

Figure 4-1.  Suggested references for evaluation of environmental concerns not currently addressed by 
the CalEPA CHHSLs.
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TABLE 1: California Human Health Screening Levels for 
Soil and Comparison to Other Potential 
Environmental Concerns 

 

Notes: 
Always compare soil data for commercial/industrial sites to residential CHHSLs 
and evaluate need for formal land-use restrictions (see Section 2.10). 
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Table 1.  California Human Health Screening Levels for Soil And Comparison To Other Potential Environmental Concerns 

1Soil 
Human Health 

Screening Levels 
(mg/kg of dry soil) 

2Other Potential Environmental Concerns 
Posed By Contaminated Soil 

Chemical 
Residential 
Land Use 

Commercial/
Industrial 
Land Use 

Only 3Leaching 4Ecotoxicity 

5Nuisance/ 
Aesthetic 
Concerns 6Other 

Organic Acidic Chemicals 
2,4-D 6.9E+02 7.7E+03   X X o  
2,4,5-T    5.5E+02 6.1E+03 X X o  
Pentachlorophenol    4.4E+00 1.3E+01 X X o  
Organic Neutral Chemicals 
Aldrin 3.3E-02 1.3E-01 o X o  
Benzo(a)pyrene  3.8E-02 1.3E-01 o X o TPH 
Chlordane  4.3E-01 1.7E+00 o X o  
DDD  2.3E+00 9.0E+00 o X o  
DDE  1.6E+00 6.3E+00 o X o  
DDT  1.6E+00 6.3E+00 o X o  
Dieldrin    3.5E-02 1.3E-01 X X o  
1,4 Dioxane 1.8E+01 6.4E+01 X o  o  
Dioxin (2,3,7,8-TCDD) 4.6E-06 1.9E-05 o   o o  
Endrin 2.1E+01 2.3E+02   X X o  
Heptachlor   1.3E-01 5.2E-01 X X o  
Lindane    5.0E-01 2.0E+00 X X o  
Kepone    3.5E-02 1.3E-01 X o o  
Methoxychlor 3.4E+02 3.8E+03 o X o  
Mirex    3.1E-02 1.2E-01 X X o  
PCBs  8.9E-02 3.0E-01 o X o  
Toxaphene   4.6E-01 1.8E+00 X X o  
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Table 1.  California Human Health Screening Levels for Soil And Comparison To Other Potential Environmental Concerns 

1Soil 
Human Health 

Screening Levels 
(mg/kg of dry soil) 

2Other Potential Environmental Concerns 
Posed By Contaminated Soil 

Chemical 
Residential 
Land Use 

Commercial/
Industrial 
Land Use 

Only 3Leaching 4Ecotoxicity 

5Nuisance/ 
Aesthetic 
Concerns 6Other 

Inorganic Chemicals 
Antimony and compounds 3.0E+01 3.8E+02 site specific o o  
Arsenic 7.0E-02 2.4E-01 site specific X o Ambient background 
Barium and compounds 5.2E+03 6.3E+04 site specific X o Construction workers 
Beryllium and compounds 1.5E+02 1.7E+03 site specific X o  
Beryllium oxide7     9.1E-02 4.1E-01 o o o Construction workers
Beryllium sulfate7     2.1E-04 9.5E-04 o o o  
Cadmium and compounds 1.7E+00 7.5E+00 site specific X o  Ambient background
Chromium III 1.0E+05 1.0E+05 site specific X  X  
Chromium VI 1.7E+01 3.7E+01 site specific X o  Construction workers
Cobalt   6.6E+02 3.2E+03 site specific X o Construction workers
Copper and compounds 3.0E+03 3.8E+04 site specific X  X   
Fluoride 4.6E+03 5.7E+04 site specific o o  
Lead and lead compounds 1.5E+02 3.5E+039 site specific X o Uptake in fruits and vegetables 
Lead acetate7 2.3E+00 1.0E+01 X o  o  
Mercury and compounds 1.8E+01 1.8E+02 site specific X o  
Molybdenum 3.8E+02 4.8E+03 site specific X  X   
Nickel and compounds 1.6E+03 1.6E+04 site specific X  X Construction workers 
Nickel subsulfide7 3.8E-01 1.1E+04 site specific o o   
Perchlorate8    pp8 pp8 X o o  
Selenium  3.8E+02 4.8E+03 site specific X  X   
Silver and compounds 3.8E+02 4.8E+03 site specific X  X   
Thallium and compounds 5.0E+00 6.3E+01 site specific o o Ambient background 
Vanadium and compounds 5.3E+02 6.7E+03 site specific X  X  
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Table 1.  California Human Health Screening Levels for Soil And Comparison To Other Potential Environmental Concerns 

1Soil 
Human Health 

Screening Levels 
(mg/kg of dry soil) 

2Other Potential Environmental Concerns 
Posed By Contaminated Soil 

Chemical 
Residential 
Land Use 

Commercial/
Industrial 
Land Use 

Only 3Leaching 4Ecotoxicity 

5Nuisance/ 
Aesthetic 
Concerns 6Other 

Zinc  2.3E+04 1.0E+05 site specific X  X  
Notes: 
1.  Direct-exposure screening levels address human exposure to chemicals in soil via incidental ingestion, dermal absorption and inhalation of vapors and particulates emitted to outdoor 

air (refer to Appendix 1).  Assumes impacted soil is situated at or near the ground surface or could be at some time in the future.  Volatile chemicals not included at this time (refer to 
Section 2.5). 

     "Residential Land Use" screening levels generally considered appropriate for other sensitive uses (e.g., day-care centers, hospitals, etc.). 
Commercial/industrial properties should be evaluated using both residential and commercial/industrial CHHSLs.  A deed restriction that prohibits use of the property for sensitive 
purposes may be required at sites that are evaluated and/or remediated under a commercial/industrial land use scenario only. 

     Carcinogens: CHHSLs based on target cancer risk of 10-6.  Cal/EPA cancer slope factors used when available. 
     Noncarcinogens: CHHSLs based on target hazard quotient of 1.0. 
     Calculation of cumulative risk may be required at sites where multiple contaminants with similar health effects are present (see Section 2.8). 
     Residential and C/I soil CHHSLs for arsenic below background for most sites in California (0.07 mg/kg and 0.24 mg/kg, respectively - see Appendix 1).  Use identified or anticipated   

background as screening level (see Section 2.7). 
2.  Environmental concerns in addition to direct exposure that may need to be considered in evaluation of contaminated soil.  Based on a comparison of soil CHHSLs to soil screening 

levels for noted concerns compiled by the San Francisco Bay Regional Water Quality Control Board (SFBRWQCB 2003).  The need to address other environmental concerns must 
be evaluated separately in coordination with the lead regulatory agency (See Sections 1.4, 2.2 and Chapter 4). 

     "X": Noted concern may outweigh direct-exposure risks at many sites and drive decisions for cleanup actions. 
     "o": Potential concern but generally will be addressed if cleanup of contaminated soils to meet direct-exposure CHHSLs is carried out. 
     “site specific”: Potential concern, but evaluation as to whether this factor is a potential concern must be done on a site specific basis. 
3.  Leaching of chemicals from soil and subsequent impacts to groundwater.  Soil ESLs consider of impacts to drinking water resources, re-emission of volatile chemicals from 

groundwater into overlying buildings and discharges of contaminated groundwater to surface water.  Leaching of metals from soil should be evaluated on a site-specific basis, 
depending on the potential mobility of the metal species present.  Laboratory-based leaching studies are generally preferred over model-derived screening levels. 

4.  Toxicity to terrestrial flora and fauna.  Need to consider ecotoxicity concerns generally determined on a site-by-site basis. 
5.  Nuisance and gross contamination concerns address odors and aesthetic concerns as well as general resource degradation and presence of potentially mobile free product. 
6.  Other pertinent environmental concerns and considerations as determined on a site-specific basis. 
     Health risk to construction workers may outweigh risk to residents or commercial/industrial workers for chemicals that are carcinogenic due to increased exposure to airborne dust 

particles and incidental ingestion of soil.  Uptake of chemicals in edible fruits and vegetables from soil may need to be considered in some cases for noted chemicals. 
7.  These metal salts are significantly (greater than 10-fold) more toxic than the values for the metals in general.  If it is known that this chemical was used at the site, the screening     

number for this chemical should be used instead of the screening number for the metal and its compounds. 
 8. Calculation of a screening number for the chemical has been postponed (pp) until the toxicity criterion currently being developed by OEHHA is published as a final document.  
 9.  This screening number is above the Total Threshold Limit Concentration for lead of 1000 mg/kg, as defined in Title 22, California Code of Regulations.  It is also above the US EPA 

Region IX PRG of 800 mg/kg.   
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TABLE 2: California Human Health Screening Levels for 
Indoor Air and Soil Gas 

 

Notes: 
Always compare soil data for commercial/industrial sites to residential CHHSLs 
and evaluate need for formal land-use restrictions (see Section 2.10). 
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Table 2. California Human Health Screening Levels for Indoor Air and Soil Gas 
 

1Indoor Air 
Human Health 

Screening Levels 
(µg/m3) 

2Shallow Soil Gas 
Human Health 

Screening Levels 
(Vapor Intrusion) 

(µg/m3) 

Chemical 
Residential 
Land Use 

Commercial/ 
Industrial 
Land Use 

Only 
Residential 
Land Use 

Commercial/ 
Industrial 
Land Use 

Only 
Benzene 8.40 E-02 1.41 E-01 3.62 E+01 1.22 E+02 
Carbon Tetrachloride 5.79 E-02 9.73 E-02 2.51 E+01 8.46 E+01 
1,2-Dichloroethane 1.16 E-01 1.95 E-01 4.96 E+01 1.67 E+02 
cis-1,2-Dichloroethylene 3.65 E+01 5.11 E+01 1.59 E+04 4.44 E+04 
trans-1,2-Dichloroethylene 7.30 E+01 1.02 E+02 3.19 E+04 8.87 E+04 
Ethylbenzene Postponed3 Postponed3 Postponed3 Postponed3 
Mercury, elemental 9.40 E-02 1.31 E-01 4.45 E+01 1.25 E+02 
Methyl tert-Butyl Ether 9.35 E+00  1.57 E+01  4.00 E+03  1.34 E+04  
Naphthalene 7.20 E-02 1.20 E-01 3.19 E+01 1.06 E+02 
Tetrachloroethylene 4.12 E-01 6.93 E-01 1.80 E+02 6.03 E+02 
Tetraethyl Lead 3.65 E-04 5.11 E-04 2.06 E-01 5.78 E-01 
Toluene 3.13 E+02 4.38 E+02 1.35 E+05 3.78 E+05 
1,1,1-Trichloroethane 2.29 E+03 3.21 E+03 9.91 E+05 2.79 E+06 
Trichloroethylene 1.22 E+00 2.04 E+00 5.28 E+02 1.77 E+03 
Vinyl Chloride 3.11 E-02 5.24 E-02 1.33 E+01 4.48 E+01 
m-Xylene 7.30 E+02 1.02 E+03 3.19 E+05 8.87 E+05 
o-Xylene 7.30 E+02 1.02 E+03 3.15 E+054 8.79 E+054 

p-Xylene 7.30 E+02 1.02 E+03 3.17 E+05 8.87 E+05 
Reference: Appendix 1, OEHHA Target Indoor Air Concentrations and Soil-Gas Screening Numbers for Existing Buildings under 
Residential and Industrial/Commercial land uses. 
Notes: 
1.  "Residential Land Use" screening levels generally considered adequate for other sensitive uses (e.g., day-care centers, hospitals, etc.). 
Commercial/industrial properties should be evaluated using both residential and commercial/industrial CHHSLs.  A deed restriction that 
prohibits use of the property for sensitive purposes may be required at sites that are evaluated and/or remediated under a 
commercial/industrial land use scenario only. 
Calculation of cumulative risk may be required at sites where multiple contaminants with similar health effects are present. 
Carcinogens: CHHSLS based on target cancer risk of 10-6.  Cal/EPA cancer slope factors used when available. 
Noncarcinogens: CHHSLS based on target hazard quotient of 1.0. 
2. Soil Gas:  Screening levels based on soil gas data collected <1.5 meters (five feet) below a building foundation or the ground surface.  
Intended for evaluation of potential vapor intrusion into buildings and subsequent impacts to indoor-air.  Soil gas data should be collected 
and evaluated at all sites with significant areas of VOC-impacted soil. Screening levels also apply to sites that overlie plumes of VOC-
impacted groundwater. 
3. Calculation of a screening number for the chemical has been postponed (pp) until the toxicity criterion currently being developed by 
OEHHA is published as a final document. 
4. Representative Screening Numbers for mixed xylenes.  The representative value for mixed xylenes is based on the calculated lowest 
one amongst the three isomers.   
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Appendix 1: Human-Exposure-Based Screening 
Numbers Developed To Aid Estimation of 
Cleanup Costs for Contaminated Soil 

 OEHHA (November 2004) 

 (Revised January 2005) 
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Comparison of CHHSLs to Existing Screening Levels and 
Standards  

 
The U.S. Environmental Protection Agency Region IX office in San Francisco 
publishes "Preliminary Remediation Goals (PRGs)" for soil, drinking water and 
ambient air with a focus on risks to human health (USEPA 2004).  The San 
Francisco Bay Area Regional Water Quality Control Board (SFBRWQCB) 
publishes Environmental Screening Levels (ESLs) for soil, groundwater, surface 
water and air that provide screening levels for other common environmental 
concerns as well (SFBRWQCB 2003).   
 
Methods used by the USEPA and the SFBRWQCB to assess potential human 
exposure to contaminants in soil and air are very similar.  The resulting screening 
levels are therefore almost identical.  Similarities and differences between the 
CHHSLs and these suites of screening levels are summarized below.  In addition, 
federal and state agencies publish screening levels or regulatory standards for 
hazardous waste that are sometimes confused with environmental screening levels.  
The applicability of these criteria to contaminated sites is also briefly described. 
 

USEPA Region IX PRGs 
The USEPA Region IX "Preliminary Remediation Goals" or "PRGs" address the 
direct exposure of residents and commercial workers to contaminants found in soil, 
drinking water and air (USEPA 2004).  These PRGs may be found at 
http://www.epa.gov/region09/waste/sfund/prg/index.htm.  Equations and 
assumptions used to develop the PRGs are consistent with the human health risk 
assessment guidance prepared by Cal/EPA, including the CalTOX model (Cal/EPA 
1994a) and the Preliminary Endangerment Assessment Guidance Manual (Cal/EPA 
1994b) and Supplemental Guidance for Human Health Multimedia Risk 
Assessments of Hazardous Waste Sites and Permitted Facilities (Cal/EPA 1996a). 

The USEPA approach for developing the PRGs was adopted to develop the 
CHHSLs with minor modifications.  The CHHSLs are an adjustment of soil and 
ambient air PRGs by using Cal/EPA-specific toxicity factors.  For the majority of 
the chemicals listed, Cal/EPA toxicity factors are slightly more stringent or equal to 
those used by the USEPA to develop the PRGs. Some CHHSLs are significantly 
more restrictive. 

A detailed discussion of the USEPA Region IX PRGs models is provided in 
Appendix 1.  As discussed in the USEPA Region IX document, the PRGs are 
intended to address human direct-exposure with impacted soil and "...do not 
consider impact to groundwater or address ecological concerns" and cannot be used 
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as a stand-alone tool for the evaluation of contaminated sites (USEPA 2004).  The 
same is true for the CHHSLs. 

USEPA Soil Screening Levels 
The USEPA Office of Emergency and Remedial Response document Soil 
Screening Guidance: Technical Background Document presents methodologies and 
related soil screening levels for evaluation of direct-exposure concerns, leaching of 
contaminants from soil and subsequent impacts to groundwater, uptake of 
contaminants into plants and the intrusion of volatile chemicals into buildings 
(USEPA 1996).  Although subsequent guidance documents on specific topics have 
since been prepared by USEPA and other agencies (USEPA PRGs, USEPA vapor 
intrusion guidance document, etc.), the Soil Screening Guidance nonetheless 
provides a valuable resource for evaluation of these environmental concerns. 

Soil screening levels for direct exposure concerns are based on USEPA toxicity 
factors and similar exposure models used to develop the USEPA Region IX PRGs 
and the Cal/EPA CHHSLs.  Screening levels are presented for specific pathways 
(e.g., ingestion, inhalation of outdoor air, etc.), rather than for combined exposure 
routes as now presented in the PRGs and the CHHSLs.  Dermal absorption was not 
considered in calculation of the direct-exposure screening levels.  This pathway was 
included in calculation of the PRGs and CHHSLs, however.  The ultimate 
difference in screening levels is in most cases minimal. 

Soil screening levels for leaching concerns are based on a simplistic contaminant 
equilibrium partitioning model.  The model uses USEPA maximum contaminant 
levels (MCLs) for drinking water as target groundwater impact goals.  Generic 
dilution factors of “1” and “20” are presented for mixing of leachate in groundwater 
and subsequent dilution of contaminant concentrations.  The leaching based soil 
screening levels are presented in the USEPA Region IX PRG document. 

The Soil Screening Guidance model does not take into account fate and transport of 
leachate in the vadose zone and can be excessively conservative for highly volatile 
or highly sorptive chemicals or for use at sites where groundwater is greater than 
ten meters or more below the base of contaminated soil.  The document also 
presents leaching based screening levels for inorganic (contaminants, primarily 
metals).  Leaching of metals from soil is highly dependent on the actual specifies of 
the metal present and site-specific soil factors.  Laboratory-based studies are 
generally preferable over model-based approaches for evaluation of leaching of 
metals and other inorganic chemicals from soil. 
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The uptake of contaminants in edible plants is briefly discussed in the Soil 
Screening Guidance document.  Screening levels are presented for a limited number 
of inorganic contaminants.  The report concludes that uptake of contaminants into 
plants may be of particular concern for arsenic and cadmium.  With the exception 
of these compounds, the report notes that inorganic contaminants in soil are likely 
to be toxic to the plants themselves at levels far lower than would be of concern for 
uptake and consumption of the plants by humans.  (DTSC also considers the uptake 
of lead in edible plants.   Refer to Table 1 of the main document). 

A brief discussion of the Johnson and Ettinger model for vapor intrusion from 
contaminated soils into buildings is provided in the Soil Screening Guidance 
document.  Soil screening levels for this concern are not presented, however, due to 
concerns that the soil model significantly overestimates potential impacts to indoor 
air.  The document instead recommends that soil gas data be used to evaluate this 
concern, although screening levels are likewise not provided.  Soil gas CHHSLs 
presented in Table 2 of this document reflect more up-to-date USEPA methods for 
evaluation of vapor intrusion concerns (see Appendix 1).  The USEPA is currently 
developing additional guidance on this subject. 

SFBRWQCB Environmental Screening Levels (ESLs) 
The SFBRWQCB ESLs are a compilation of screening levels specific for use at 
sites overseen by that agency in the San Francisco bay area for a number of 
different environmental concerns, including risk to human health.  The July 2003 
edition (updated February 2004) of the SFBRWQCB ESLs includes screening 
levels for the following exposure pathways and/or environmental concerns: 

Soil: 
 Protection of human health 
 Direct/indirect exposure to impacted soil (ingestion, dermal absorption, 

inhalation of vapors and dust in outdoor air); 
 Emission of subsurface vapors to building interiors; 
 Protection of groundwater quality (leaching of chemicals from soil); 
 Protection of terrestrial (nonhuman) biota; 
 Protection against nuisance concerns (odors, etc.) and general resource 

degradation; 
 
Indoor Air:  
 Protection of human health; 

 
Shallow Soil Gas: 
 Emission of subsurface vapors to building indoor air. 
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Similar ESLs are also provided for the environmental media of groundwater and 
surface water.  In the ESL document, soil screening levels for individual 
environmental concerns are compared and the lowest of these levels (i.e., the 
concentration of the chemical at which all other environmental concerns would 
likewise be addressed) is presented in the ESL summary lookup tables. 

By comparison, the CHHSLs reflect a subset of the screening levels considered in 
the ESL document specific to human health concerns.  CHHSLs were developed for 
the follow concerns only: 

Soil: 
 Direct/indirect exposure to impacted soil (nonvolatile chemicals only - 

ingestion, dermal absorption, inhalation of vapors and dust in outdoor air); 
 
Indoor Air:  
 Protection of human health; 

 
Shallow Soil Gas: 
 Emission of subsurface vapors to building indoor air. 

For comparative purposes, the most current ESLs may be found at 
http://www.waterboards.ca.gov/sanfranciscobay/esl.htm. The soil direct exposure 
CHHSLs and ESLs for nonvolatile chemicals and soil gas CHHSLs and ESLs for 
volatile chemicals are essentially identical.  Soil and indoor air ESLs for human 
health concerns were developed by incorporating Cal/EPA toxicity factors into the 
USEPA PRG models for direct exposure to contaminated soil and USEPA models 
for the intrusion of soil gas into buildings.  Since this mimics the approach used to 
develop the CHHSLs, the resulting screening levels are very similar.   

The primary difference is the assumption in the ESL soil and indoor air screening 
levels for human health that up to five chemicals with similar noncancer health 
effects may be present at a given site.  This allows potential cumulative health risks 
to be conservatively taken into account at most sites without requiring that the 
screening levels be adjusted on a site-by-site basis (see Section 2.8).  This was done 
by simply dividing the initial screening level based on a hazard quotient of 1.0 by a 
factor of five (adjusting the target Hazard Quotient to 0.2).  Future editions of the 
ESL document will directly incorporate the Cal/EPA CHHSLs for soil and indoor 
air as part of that document, again adjusted to address cumulative risk concerns at a 
Tier 1 level. 
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Hazardous Waste Regulations 
California Total Threshold Limit Concentrations (TTLC) criteria for solids and 
Soluble Threshold Limit Concentration (STLC) are used to determine whether a 
waste is a hazardous waste (Title 22, California Code of Regulations, section 
66261.24(a)(2)(A) and (B)).  If a waste is determined to be a hazardous waste, 
specific regulations and statues regarding the management, storage, transportation 
and disposal must be met.     

In most cases, TTLC values exceed the most conservative environmental screening 
levels presented in this document.  In the case of Endrin and DDT/DDE/DDD, 
however, the TTLC is somewhat lower than the screening levels for human health 
concerns.  The TTLC for combined DDT/DDE/DDD is 1.0 mg/kg while the 
residential, direct-exposure soil screening for each compound ranges from 1.6 
mg/kg to 2.3 mg/kg, for a sum of 5.5 mg/kg (see Table 1).   

In practice, the extent of soil contaminated above 1.0 mg/kg versus 5.5 mg/kg total 
DDT/DDE/DDD may not be significant in the field following cleanup to the risk-
based CHHSLs.  However, it may be prudent to use TTLCs as final cleanup values 
for residential sites where the TTLC is less than cleanup values that were based on 
actual risk to human health and the environment.  This may help to avoid potential 
future problems with soil management and disposal. 

TSCA Cleanup Levels for PCBs  
The treatment, storage and disposal of polychlorinated biphenyls (PCBs) are 
regulated under the federal Toxics Substance Control Act (TSCA), as described in 
40 CFR Part 761 (revised 7/1/99), which is administered by the USEPA Toxics 
Section.  If PCBs are found at a site, the regulation should be consulted to 
determine its applicability and to ensure that the appropriate notifications are 
provided to and approvals are obtained from USEPA (refer also to Guidance on 
remedial Actions for Superfund Sites with PCB Contamination, USEPA 1990).  To 
obtain more information regarding regulations and guidance, the USEPA’s PCB 
web page can be accessed at: http://www.epa.gov/opptintr/pcb/ 

Within each USEPA Region, the Regional Administrator has designated Regional 
PCB Coordinators to oversee the development of PCB efforts.  The staff of the 
Region IX PCB Program is available to members of the regulated community and 
others who have questions concerning the manufacture, processing, distribution in 
commerce, use, cleanup, storage and disposal of PCBs and PCB articles.  The 
Region IX PCB web page can be accessed at: 
http://www.epa.gov/region09/toxic/pcb/index.html 
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USEPA Region IX staff can be contacted at: 

U.S. EPA Region 9 
Mail Code CMD-4-2 
75 Hawthorne Street 
San Francisco, CA 94105 
 

Max Weintraub 415-947-4163 weintraub.max@epa.gov  

Christopher Rollins 415-947-4166 rollins.christopher@epa.gov 
   

References 

ASTM, 1995, Standard Provisional Guide for Risk-Based Corrective Action: 
American Society for Testing and Materials, Designation E2081-00. 

Cal/EPA, 1994a, CalTOX, A Multimedia Total Exposure Model For Hazardous-
Waste Sites: California Department of Environmental Protection, 
Department of Toxics Substances Control, Version 1.5 (and updates),  
www.dtsc.ca.gov/ScienceTechnology/index.html. 

Cal/EPA, 1994b, Preliminary Endangerment Assessment Guidance Manual: 
California Department of Environmental Protection, Department of Toxics 
Substances Control, January 1994. 

Cal/EPA, 1996a, Supplemental Guidance For Human Health Multimedia Risk 
Assessments of Hazardous Waste Sites and Permitted Facilities: California 
Department of Environmental Protection, Department of Toxics Substances 
Control, August, 1996, www.dtsc.ca.gov/ScienceTechnology/ index.html. 

NIOSH, 2004, NIOSH Pocket Guide To Chemical Hazards: National Institute for 
Occupational Safety and Health (NIOSH), www.cdc.gov/niosh/npg/ 
npg.html. 

SFBRWQCB, 2003, Screening For Environmental Concerns At Sites With 
Contaminated Soil and Groundwater (July 2003): California Regional Water 
Quality Control Board, San Francisco Bay Region, 
http://www.swrcb.ca.gov/rwqcb2/esl.htm. 

January 2005 CHHSLS 

mailto: weintraub.max@epa.gov
mailto: rollins.christopher@epa.gov
http://www.swrcb.ca.gov/rwqcb2/esl.htm


 

USEPA, 1990, Guidance on remedial Actions for Superfund Sites with PCB 
Contamination: U.S. Environmental Protection Agency, Office of 
Emergency and Remedial Response, Publication EPA/540/G-90/007. 

USEPA, 2004, Preliminary Remediation Goals: U.S. Environmental Protection 
Agency, Region IX, October 2004, www.epa.gov/region09/waste/sfund/ 
prg/index.htm. 

 

January 2005 CHHSLS 



 
 

Appendix J 



TOXICOLOGICAL PROFILE FOR 

BENZENE 


 





U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service 


Agency for Toxic Substances and Disease Registry


August 2007 



ii BENZENE 

DISCLAIMER 

The use of company or product name(s) is for identification only and does not imply endorsement by the 
Agency for Toxic Substances and Disease Registry. 



iii BENZENE 

UPDATE STATEMENT 


A Toxicological Profile for Benzene, Draft for Public Comment was released in August 2005.  This 
edition supersedes any previously released draft or final profile.   
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FOREWORD 

This toxicological profile is prepared in accordance with guidelines developed by the Agency for 
Toxic Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA).  The 
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised 
and republished as necessary. 

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health 
effects information for the hazardous substance described therein.  Each peer-reviewed profile identifies 
and reviews the key literature that describes a hazardous substance's toxicologic properties.  Other 
pertinent literature is also presented, but is described in less detail than the key studies.  The profile is not 
intended to be an exhaustive document; however, more comprehensive sources of specialty information 
are referenced. 

The focus of the profiles is on health and toxicologic information; therefore, each toxicological 
profile begins with a public health statement that describes, in nontechnical language, a substance's 
relevant toxicological properties. Following the public health statement is information concerning levels 
of significant human exposure and, where known, significant health effects.  The adequacy of information 
to determine a substance's health effects is described in a health effects summary.  Data needs that are of 
significance to protection of public health are identified by ATSDR and EPA.  

Each profile includes the following: 

(A) The examination, summary, and interpretation of available toxicologic information and 
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant 
human exposure for the substance and the associated acute, subacute, and chronic health 
effects; 

(B) A determination of whether adequate information on the health effects of each substance is 
available or in the process of development to determine levels of exposure that present a 
significant risk to human health of acute, subacute, and chronic health effects; and 

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels 
of exposure that may present significant risk of adverse health effects in humans. 

The principal audiences for the toxicological profiles are health professionals at the Federal, State, 
and local levels; interested private sector organizations and groups; and members of the public.   

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that 
has been peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal 
scientists have also reviewed the profile. In addition, this profile has been peer-reviewed by a 
nongovernmental panel and is being made available for public review.  Final responsibility for the 
contents and views expressed in this toxicological profile resides with ATSDR. 



 

vi 

The toxicological profiles are developed in response to the Superfund Amendments and 
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).  This 
public law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly 
found at facilities on the CERCLA National Priorities List and that pose the most significant potential 
threat to human health, as determined by ATSDR and the EPA.  The availability of the revised priority 
list of 275 hazardous substances was announced in the Federal Register on December 7, 2005 (70 FR 
72840). For prior versions of the list of substances, see Federal Register notices dated April 17, 1987 
(52 FR 12866); October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17, 1990 (55 
FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801);  February 28, 1994 (59 
FR 9486); April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); October 21, 1999 (64 FR 
56792); October 25, 2001 (66 FR 54014); and  November 7, 2003 (68 FR 63098). Section 104(i)(3) of 
CERCLA, as amended, directs the Administrator of ATSDR to prepare a toxicological profile for each 
substance on the list. 
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS 

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation 
of available toxicologic and epidemiologic information on a substance.  Health care providers treating 
patients potentially exposed to hazardous substances will find the following information helpful for fast 
answers to often-asked questions. 

Primary Chapters/Sections of Interest 

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating 
patients about possible exposure to a hazardous substance.  It explains a substance’s relevant 
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of 
the general health effects observed following exposure. 

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, 
and assesses the significance of toxicity data to human health. 

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type 
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length 
of exposure (acute, intermediate, and chronic).  In addition, both human and animal studies are 
reported in this section. 
NOTE: Not all health effects reported in this section are necessarily observed in the clinical 
setting. Please refer to the Public Health Statement to identify general health effects observed 
following exposure. 

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health 
issues: 
Section 1.6 How Can (Chemical X) Affect Children? 

Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)? 

Section 3.7 Children’s Susceptibility 

Section 6.6 Exposures of Children 


Other Sections of Interest: 
Section 3.8 Biomarkers of Exposure and Effect 
Section 3.11 Methods for Reducing Toxic Effects 

ATSDR Information Center  
Phone:  1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY)   Fax: (770) 488-4178 
E-mail: cdcinfo@cdc.gov Internet: http://www.atsdr.cdc.gov 

The following additional material can be ordered through the ATSDR Information Center: 

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an 
exposure history and how to conduct one are described, and an example of a thorough exposure 
history is provided.  Other case studies of interest include Reproductive and Developmental 
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide 
Toxicity; and numerous chemical-specific case studies. 

mailto:cdcinfo@cdc.gov
http://www.atsdr.cdc.gov
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene 
(prehospital) and hospital medical management of patients exposed during a hazardous materials 
incident. Volumes I and II are planning guides to assist first responders and hospital emergency 
department personnel in planning for incidents that involve hazardous materials.  Volume III— 
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care 
professionals treating patients exposed to hazardous materials. 

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances. 

Other Agencies and Organizations 

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 
injury, and disability related to the interactions between people and their environment outside the 
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, 
GA 30341-3724 • Phone: 770-488-7000 • FAX: 770-488-7015. 

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 
diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health.  Contact: NIOSH, 200 Independence Avenue, 
SW, Washington, DC 20201 • Phone: 800-356-4674 or NIOSH Technical Information Branch, 
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998 
• Phone: 800-35-NIOSH. 

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 
biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being.  Contact:  NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone: 919-541-3212. 

Referrals 

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 
in the United States to provide expertise in occupational and environmental issues.  Contact: 
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone:  202-347-4976 
• FAX: 202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page:  http://www.aoec.org/. 

The American College of Occupational and Environmental Medicine (ACOEM) is an association of 
physicians and other health care providers specializing in the field of occupational and 
environmental medicine.  Contact: ACOEM, 25 Northwest Point Boulevard, Suite 700, Elk 
Grove Village, IL 60007-1030 • Phone:  847-818-1800 • FAX:  847-818-9266. 

mailto:AOEC@AOEC.ORG
http://www.aoec.org/
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS: 

1. 	 Health Effects Review.  The Health Effects Review Committee examines the health effects 
chapter of each profile for consistency and accuracy in interpreting health effects and classifying 
end points. 

2.	 Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to 
substance-specific Minimal Risk Levels (MRLs), reviews the health effects database of each 
profile, and makes recommendations for derivation of MRLs. 

3. 	 Data Needs Review.  The Applied Toxicology Branch reviews data needs sections to assure 
consistency across profiles and adherence to instructions in the Guidance. 

4. 	 Green Border Review.  Green Border review assures the consistency with ATSDR policy. 
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PEER REVIEW 


A peer review panel was assembled for benzene.  The panel consisted of the following members:  

1. 	 Dr. Jeffrey Fisher, Professor and Department Head, Department of Environmental Health 
Science, University of Georgia, Athens, Georgia; 

2. 	 Dr. Tee Guidotti, Chair and Professor, Department of Occupational and Environmental Health, 
School of Public Health and Sciences, The George Washington University Medical Center, 
Washington, DC; and 

3. 	 Dr. Rogene Henderson, Senior Scientist, Lovelace Respiratory Research Institute, Albuquerque, 
New Mexico. 

These experts collectively have knowledge of benzene's physical and chemical properties, toxicokinetics, 
key health end points, mechanisms of action, human and animal exposure, and quantification of risk to 
humans.  All reviewers were selected in conformity with the conditions for peer review specified in 
Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, and Liability Act, as 
amended. 

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer 
reviewers' comments and determined which comments will be included in the profile.  A listing of the 
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their 
exclusion, exists as part of the administrative record for this compound.   

The citation of the peer review panel should not be understood to imply its approval of the profile's final 
content. The responsibility for the content of this profile lies with the ATSDR. 
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ABSTRACT. The Tranguch Gasoline Spill leaked 50,000-900,000 gallons of gasoline from
underground storage tanks, potentially exposing an area of Hazle Township and Hazleton,
Pennsylvania, to chronic low levels of benzene since at least 1990. A retrospective cohort
study of 663 individuals representing 275 households assessed whether affected residents
were at increased risk for cancer from 1990-2000 compared with the Pennsylvania popu
lace. Age-adjusled standard incidence ratios (SIRs) were calculated using Pennsylvania rates
10 determine expected numbers. The age-adjusted SIR for the gasoline-affected area was
4.40 (95% confidence inlerval: 1.09-10.24) for leukemia. These results suggest an associa
tion between living wilhin Ihe area affected by the Tranguch Gasoline Spill and increased
risk for leukemia.
<Key words: benzene, cancer, community, g<lsoline, leukemi<l>

LEAKING underground petroleum storage tanks are a
frequent and serious problem. Petroleum leaking from
these tanks contaminates surrounding soil and ground
water causing both environmental and health risks. In
an effort to address the growing problem of leaking
underground tanks, Congress created the Leaking
Underground Storage Tank Trust Fund to assist with
cleanup efforts. Between the inception of this program
in 1986 and September 3D, 2004, the United States
Environmental Protection Agency (EPA) identified
447,233 such releases, and estimated cleanup had been
completed for only 71 % of these releases.'

Given the prevalence of such releases, and the fact
that nearly half of the U.s. population depends on
groundwater as a primary drinking water source, it is
highly probable that many communities continue to
face potential health effects as a result of volatile organic
compounds from these leaking petroleum sources. 2 The
public health effects of such leakages, however, have
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not been well documented or studied. This article
reports on the health effects of one community's expo
sure to gasoline leaked from underground storage tanks.

In response to several odor complaints by residents of
Hazle Township and the city of Hazleton, both situated
in northeastern Pennsylvania, in 1991, the Pennsylvania
Department of Environmcntal Protection WADEP) began
a series of investigations into vvhat would become
known as the Tranguch Gasoline Spill or the Tranguch
Spill, which affectcd rcsidents in two municipalities,
Hazleton and Hazle Township. The spill was character
ized as a leakage of 50,000 to 900,000 gallons of gaso
line from underground storage tanks. A plume of
groundwater contamination was detected, and conse
quent filtration into the sanitary sewer system was iden
tified. 11 is believed that between 1990 and 2000
residents within the Tranguch Spill area were chronically
exposed to low levels of benzene, a known carcinogen,
and other organic solvents as a result of the leaking
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gasoline. The spill was characterized by the Pennsylvania
Department of Environmental Protection. The period of
exposure is in doubt since the gasoline had already
leaked when it was identified. There is a lack of envi
ronmental exposure datil to confirm these years and
modeling predictions.

Within the United States it has been estimated that the
benzene content in gasoline is approximately 1-2% by
volume. I Global average benzene estimates range from
5jJ.WmJ for outdoor levels to 15jJ.glm1 for personal
Icvels:6-f> Workplace exposures may be of higher con
centration and shorler duration than those eXI>erienced
by the general population.

Epidemiological studies have found elevated stan
dardized incidence ratios (SIR) for leukemia amOllR
larRe occupational cohorts exposed to benzene concen
triltions grCilter than 200 ppm-yr.i-') equivalent to a
crude average of 10 ppm benzene exposure over 20-yr
working at one job. Hayes et al. also found an increased
risk of all hematologic cancers in a cohort of workers
eXI>osed to benzene at average levels below 10 ppm. 10

Several occupational studies have also documented
hematotoxic effects at levels of benzene under 1 ppm. II-I"
Glass et aL found evidence for an increased risk of
leukemia ilmong Australian petroleum workers whose
highest intensity job exposure to benzene was 0.8 ppm. I"
Unlike previous occupational cohorts, this cohort pro
vided evidence for risk of leukemia associated with
cumulative exposure to benzene at any level, with no
obvious threshold. Moreover, Lan et al. demonstrated a
significant depression (-15%1 in white cell counts
among Chinese shoe factory workers with less than I ppm
benzene job exposure, II further corroborating the plau
sibility of adverse hematopoietic effects as a result of
low-level exposure to benzene.

Ecological studies have found increased risk for
ICllkcmia in areas wilh elcvated conccntr<llions of ben
zene in the air or high tr,lmc density and subsequent
gasoline eXI>osure. Such studies typically suffer from eco·
logical fallacy, deficiencies in case ascert<linment, and
crude eXl>osure estimates.l';-ll However, they aid in the
identification of high-risk areas, which can then be stud·
ied in more detail.

The literature is limited with resl>ecl to community
exposures such as that experienced by Tranguch
Gasoline Spill area residents. This exposure was low
level (in the range of parts per billion) and long term. The
Tranguch Gasoline Spill exposure \\as also unique in
Ihat the geology of the area, consisting of underground
coal mining and shallow bedrock may have facilitated
pooling of gasoline below the surface of the affected
area, thus increasing subsequent migration into ground·
water and sewer systems and the probability of expo
sure. In a similar situation Lindstrom et al. found benzene
concenlrat ions of 0.8-1 .7 ppm (758-1 ,670 f-lglm I) with
in the shower stall of a household using gasoline·
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contaminated groundwater.!! No link, however, was made
betweell exposure and health outcomes in that report.
The focus of the current rC5e<lfch was to dctermine
whether residents of the Tranguch Spill-affected area were
at increased risk for cancer comp.:1red with standard ref.
erence populations and to assess the prevalence of addi·
tional adverse health outcomes among the residents.

Method

Benzene exposure estimates. Prior 10 EPA ren1ediation
efforts, PADEPtested the indoor air of a subset of 43 homes
for the concentration of volatile orgallic coml>ounds
(VOCs) over the course of 72 d (49 sampling d) in t993.
The sampling device used \Vas an Hnu photo ionization
detector (riD), which does not measure individual spt-'Cies
of VOCs such as benzene, although these measurements
Ciln be extrapolated. Conccntr<ltions of total VOCs ranged
from 0 to 202 ppm and estimated benzene concentrations
ranged from 0 to 42 ppm (0-136 mglm1).11

Benzene levels in the groundwater of the Tranguch
Spill area were estimated by EPA and The U.S. Army
Corps of Engineers through exposure-modeling con
ducted between 1994 and 1996. Groundwater esti
mates of benzene ranged from lOO to 2,500 ~Wml.H

Using this information and taking into consideration
possible vapor migration Ihrough the sanitary sewer sys·
tern, EPA defined a remediation or "affected" area of
366 households within the Hazle Township and
Hazleton municipalities potentially exposed to gasoline
fumes as a result of the Tranguch Spill.

In late 2000 and January 2001 EPA sampled indoor air
in these homes, using Summa canisters. to assess con·
centrations of benzene. Reports on these samples were
provided to investigators by approximately 20"'/0 of
homeowners. Benzene levels ranged from undetectable
«8.3 f.lWm'l to 140 f.lWm l in the sample of homes for
which owners released their results. However, cumula·
tive benzene exposure among residents cannot be ade
qU<lIely estimated because there are no comprehensive
historical data on air and groundwater concentrations of
benzene and duration of exposure. Therefore, ext>osure
to benzene from the leaking tanks was defined by resi
dence within the EPA-defined remediation area.

Study design, area, and target population. A retro·
sl>ective cohort study design was employed because
the el\posure took place ye.us before study commence
ment; the adverse health endpoints being considered
are rare and have long latencies (e.g., cancer), and the
method optimizes the small sample size. The cohort
was constructed from tax records, municipal lists, and
residential histories of persons living for al least 6 mo
within the EPA remediation or affected area from
lanuary 1. 1990, through December 31, 2000. A IotaI
of 366 properties were within the boundaries of the
affected area.
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After validation of properties eligible for study inclu
sion, 17 were identified as nonresidential and their
owners were thus excluded from the target population.
The overall current property owner resl>onse rate was
80%. Of the 72 households that did not participate, 42
owners refused to participate and 30 could not be con
tacted after multiple altempts.

In addition, 72 properties had changed ownership
within the study perioo. Several attempts were made to
contact the 62 past owners of these 72 properties; 3
agreed to particip..lte in the study.

Data collection. Because of the funding mechanisms
of local municipalities, data collection and analysis
were conducted independently using the same method
ology. A study-specific questionnaire was developed to
assess demographics and primary and secondary health
outcomes. Questions dealt with residential, employ
ment, medical, reproductive, and smoking history; edu
C<ltion level; and symptom experiences. Participants
also were asked to complete a medical record release
form to allow the researchers to obtain confirmation of
self-reported cancers through participants' physicians.
The study and data collection materials were reviewed
and approved by the University of Pillsburgh Biomedical
Institutional Review Board.

Data was collected in the summer of 2001 for Hazle
Township properties and the summer of 2002 for
Hazleton properties. Within each household all individ
uals aged 18 yr and older were asked to read and sign
the consent form, sign the medical release form, com
plete the questionnaire, and return the forms to the
University of Pillsburgh in a preaddressed stamped
envelope. Parents or guardians were asked to complete
the questionnaire for children under the age of 1B.
Proxy interviews from next of kin were conducted for
persons unavailable or unable to complete the forms. A
de<lth certificate was requested for all deceased individ
uals. For individuals who did not respond to the initial
mailing of study materials, researchers made follow-up
telephone calls and sent reminder I>ostcards. To accom
mooate participants with liUle time for completion of a
full study-questionnaire, an abbreviated questionnaire
addressed gender; race; marital status; dale of birth;
occupation; vital status; smoking and residential history;
and histQfy of cancer, diabetes, and other chronic diseases
for all household members on a single form.

Incident cancer, the primary outcome, was identified
via the questionnaires. For all self-reported cancers
researchers contacted the participant's atlending physi
cian for verification of the cancer diagnosis and to
re(luest the release of particip..lnl's medical records. In
addition, a request was made to the Pennsylvania
Department of Health for the confirmation of all self
reported cancers using data from the Pennsylvania
Cancer Registry. Cancers were classified in a manner
similar to that of the Pennsylvania Cancer Registry
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employing International Classification of Diseases for
Oncology (lCD-OJ codes.

Information was also obtained on those persons who
died during the 11-yr period for whom we could obtain
next-of-kin interviC\vs and a death certificate. A death
certificate for all deceased individuals was obtained
from the Pennsylvania Department of Vital Statistics.

Statistical analyses. Descriptive population statistics
such as frequencies, means, and medians were generat
ed using SPSS version t 2.0 for Windows" (SPSS, Inc.,
Chicago, Ill. The unit of analysis for the cancer inci
dence measures was the person-year. SAS version 8.0
(SAS Institute, Inc., Cary, NC) was used to determine the
number of person-years contributed by each individual.
Individuals residing within the study area from January
I, 1990, to December 31, 2000, contributed 11 person
years. Other individuals who moved into or out of the
area within this period contributed varying person-years
on the basis of their residential history. Individuals no
longer accumulated person-years after they had been
diagnosed with cancer or identified as deceased.

To characterize the cancer eXllCrience of residents,
standard incidence ratios (SIRsl were calculated. These
were based on self-reported, physician- and Pennsylvania
Cancer Registry-verified cancer diagnoses from
1990-2000 and the expected number of cancers derived
from indirect age-adjustment using Pennsylvania average
annual cancer incidence rates. Confidence intervals (CI)
were determined using Poisson tables in the Documenta
Ceigy.~~ Statistical signific.lIlce was defined as p < .05.

Results

A total o( 663 persons (rom 27S households partici
pated in the study. More than 63% of participants com
pleted the (ull questionnaire with the remainder
completing the abbreviated version. The population was
99'X, Caucasian, and comprised of 343 (51.7%) women
and 320 (48.3"/o) men. The mean age of the population
alive at time of interview (N = 62S) was 49.2 yr (50::!:
22.1 yr), and the perioo of residence within was {mean ::!:
SOl 36.7 ::!: 2 t.9 yr (Table 1). The distribution of resi
dents by years of residence within the affected area is
presented in Table 2. The majority of residents were mar
ried with at least a high school education. More than
36% of men and 27% of women reported a history of
smoking. Fifty-four percent of participants were
employed with the remainder comprised of retirees, stu
dents, and unemployed persons. Twelve residents reporte(!
prior employment at a gasoline station.

Causes of death for 38 individuals who had lived in
the study area between 1990 and 2000, for whom proxy
interviews were obtained were cardiovascular disease
(N = 14), cerebrovascular disease (N = 2), chronic
obstructive pulmonary disease (N = 2), pneumonia
(N = 2). cancer (N = 13), and other diseases (N = 5).
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Table l.-Age Distribution of POllulal;on Alive al Tinl~ of
Data Colleclion with Mean Age and Mean Years of Rl'Sidence
within Affected Area by Age Croull

o\'\(>Jn Ye,lrs of
Age Group N MeJn Age 50 Resideuce 5D

M('11

<18 " 11 ,0 " 10.1 4.9
18-34 63 26.3 5.1 22.3 7.3
35-44 37 40.7 2,9 33.9 12.6
45-54 38 49.8 2.7 32.9 17.2
55-64 37 59.5 3.1 40.4 17.5
65-74 49 69.9 3.2 50.9 17.8
75+ 30 79.6 3' 5£>.4 25.6

TotJI 294 46.0 22.4 34.3 21.0

l'\'omen
<18 30 11.5 4.0 10.0 4.3
11l-34 47 27.3 4.8 :n.9 6.8
35-44 42 40.5 2.6 30.1l 13.6
45-54 47 50.5 3.3 3J.3 16.3
55-64 54 60.3 3.0 4].6 16.5
65-74 57 70.1 3.1 50.0 20A
75+ 54 79.4 3.3 61.B 23.6

Tot,ll 331 52.1 21.3 38.8 22.5

TOlat
<IH 70 11.3 4.4 10.0 4.(,
IIl-J4 110 26.7 50 23.0 7.1
35-44 79 40,6 2.1l 32.2 D.l
45-54 8S 50.2 3.0 33,1 1(l,6
55-64 " 60.0 3.1 42.3 16.9
65-74 106 70.0 3.1 50.4 19.2
75+ 84 79.4 33 59.9 24.3

TOI<lI 625 49.2 22.1 36.8 21.9

Table 2.-Distribulion of Residents by Years of Residence
within Affecled Arl'il

Ye,lrs of Residence Mcn \'\'Onlcn TOI,ll

<5 14 12 U,
5-' 14

"
33

10-19 53 41 '4
20+ 200 254 454
ToI,ll 281 326 607

Forty-three incident primary cancers were reported
within the cohort and verified by the Pennsylvania
Cancer Registry for the period of January 1. 1990, through
December 31, 2000. The participants with cancer
included two with acute myeloid leukemia (66 and 67 yr
at diagnosis), one with chronic myeloid leukemia (64 yr
at diagnosis) and one with chronic lymphocytic
leukemia (75 yr at diagnosis). The residences of the two
particip,1l1ts with acute myeloid leukemia bordered the
projected gasoline plume. which was within the afiected
area. None of the four participants with leukemia had a
history of working in a benzene-exl>osed occupation and
no parental history of cancer was reported. Two of the
participants with leukemia had a history of smoking.
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The SIRs for all cancers are presented in Table 3. The
SIR for all cancer sites was 0.88 195% confidence inter
val: 0,64-1.18), indicating no statislically significant dif
ference in all-site cancer incidence in the Tranguch Spill
area and the State of Pennsylvania. The SIR for leukemia
was 4.40 (95% confidence interval: 1.09-10.24) a dif
ference from the incidence in the affected area, which is
statistically significant. Differences between cancer inci
dence in the affected area and the state of Pennsylvania
for all other cancer sites were not statistically significant,
although the SIRs for all observed cancers except those
of the respiratory tracl and colon were greater than I.

We also assessed the prevalence of health effects other
than cancer. With the exception of diabetes. disease!
disorder information was only available for 69% of the
study population, those who completed the full question
naire. Among the 456 individuals who were asked about
disease/disorders other than cancer, 135 (20.4%) rel>orted
having diagnosed hypertension, 68 (l0.3%,) rel>orted a
diagnosis of cardiovascular disease other than stroke, and
16 (2.4%) rel>orted a history of stroke. Additionally, 44
(6.6%) rel>orted a doctor-diagnosed thyroid problem, and
44 (6.6%) reported diagnosed anemia. Diabetes informa
tion was available for 659 participants of whom 46 (6.9%)
reported having the disease.

Discussion

The age-adjusted all-cause cancer incidence within
the Tranguch Spill-affected area was not significantly
different from that for the state of Pennsylvania but that
for leukemia was significantly higher than state inci
derKe. Our findings are consistent with those in the lit
erature that suggest long-term exposure to low levels of
benzene, a constituent of gasoline, may be associated
with increased risk of hematopoietic malignancies, par
ticularly acute myeloid Icukemia.'4.w-27

These results are also consistent with a similar report
by the Pennsylvania Department of Health (PADOH)
that considered cancer incidence within the Tranguch
Spill area from 1985 to 2002. 28 A total of 134 cancer
cases were identified in the PADOH study. The SIR lor
all Causes of cancer was 1.31 and was statistically sig
nificant. Additionally, seven incident cases of leukemia
were observed, resulting in an SIR of 3.63. also statisti
cally significant. Of these seven cases, three were acute
myeloid in cell type and two were chronic myelocytic.
PADOH did not, however. ascertain complete residen
tial histories for the population as we did and thus, may
have overestimated the number of person-years, by
making the assumption that people had resided in the
area for all " years or that those under 11 yr had
person-years equivalent to their ages.

Despite different methods of ascertaining person-year,
our analysis and the PADOH study suggest an association
between low-level chronic benzene exposure and
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Tolble J._Stolndolrd Incidentt' Roltios for Population of the Area Affl'cll'd by Tl'olnguch Spill Compal'ed wilh the St.lIe of
Pennsylvania

leukl'nllOl
Non·Hodgkll1's Iyml>hom.l
Trached, bronchus. lung. & I>leul'ol
Colon
Ul'in,uy bl.Jdr:1ef
Brolin

.""""h
rem.lle brColst
CCl'vi~

Prostale
All Cdl1C« SIll'S

Obsel'ved ColSl'S

4
2
5
3
3
2
2

12
I
9

43

Expected (.lSl'S·

0,91
1.&2
7.47
4.&0
US
055
1.12
7.89
0.38
7.12

49.1

St.lrKl.1rd
Incid('l1C1' R,lt 10

4.40
1.2)
0.&7
0.&5
1.28
3....
1.79
1.52
2.&3
1.2&
0.66

95% Confidel1Ce
IntCfVolI

1.09-10.24
0.15-104&
0.22-1.56
0.13-1.91
0.2&-3.73
0044-13.13
0.21-6.45
0.79-2.66
0.08-14.66
0.56-2.40
0.64-1.18

leukemia risk within the Tranguch Spill-afiected area
b.lsed primarily on existing literature on the subject and
the lack of any other common source explanation.
However, these findings should be interpreted in the
context of study limit.ltions. The exposure that occurred
as a result of the Tranguch Gasoline Spill is not well
characterized. After identification of Ihe spill. atlempts
were made by PADEP and EPA to assess the VOC and
benzene exposure. However, the exact commencement
date of the spill, as well as the concentration and extent
of benzene exposure remains unknown.

Although PADEP assessed VOCs in indoor air within
43 homes in the affected area during 1993-1994, the
freqllency and duration of each exposure within a home
were not wcll documcnted and benzene was not differ
entiated. The Agency for Toxic Substances and Disease
Registry (ATSDR) of the U.S. Department of Health and
Human Services llsed benzene concentrations extrapo
lated from PADEP VOC measurements to estimate max
imum benzene eXl>osure at 42 ppm with an average
level of 0.16 ppm.H For a 3-yr I'>eriod. this translates to
2 ppm-yr for a maximum eXl>osure and 0.03 ppm-yr for
an average eXI>osure. The agency concluded that prior
to remediation, these benzene eXl>osures might have
been high enough 10 produce adverse hcalth effects. 2J

EPA conducted additional sampling within all house
holds in the remediation area in 2000-2001 using morc
sophisticated s.lmpling techniques such as Summa can
isters. However, these s.,mples were taken at one time
and only in one or two localions wilhin Ihe home and
potentially years after peak exposure. Thus, they may
not reflect Ihe aclual exposure concentration over lime,
nor do Ihey adequately reflect historical levels of ben
zene prior to remediation efforts.

The remediation area was defined on the basis of a
combination of groundwater sampling and exposure
eslimalion models. These groundwater samples were
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taken at least 5 yr after the suspected commencement of
the spill, and therefore may underestimate the original
extent and concentration of benzene exposure. Given
the lack of historical benzene exposure data and the
necessity to identify an objective exposure area for a
health effects study, we used the EPA·defined remedia
lion area as our "afiected area." Because of the limita
tions of Ihe eXf:)Qsure assessment, this area may over- or
undereslimate the I>opuiation exposed to gasoline.

limitations of our study were the lack of an appropri
ate control I>opuiation to adjust for confounders and to
compme the fre(:jUency of health issues other than cancer
such as anemia and hypertension.

This research provides potential evidence of an
increase in hcmatopoietic cancer risk as a result of
longer-tcrm exposure to low concentrations of ben
zene. Although the benzene exposure was not well
characterized at an individual level, this research did
not suffer from the ecological fallacy observed in other
community studies investigating gasolinelbenzene
exposure and Icukcmia.I$-ll This is in agreement with
occupational studies that have documented hematol>O
elic risk at similar levels. lI - lJ

Within a population o( 250 Chinese workers exposed
to benzene-even as low as < 1 ppm in the air-white
blood cell, granulocyte, lymphocyte, B cell, and platelet
counts were depressed compared with unexposed con
trols. Such effects may lead to more serious hematopoi
elic conse(:jUences such as leukemia. Although an
increase in the risk o( leukemia as a resull of eXIx>sure
to low-level benzene remains equivocal/·29-H our study
provides support for the growing body of evidence sug
gesting a causallink. t -l.\7.2t

To address the health concerns of residents affected
by Ihe Tranguch Spill we recommend continued surveil
lance of cancer, particularly leukemia and its precursors,
within the a((ected populalion until 201010 capture any
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latent cancers, confirm incidence rates, and narrow the
confidence interval for SIR calculations. Data from the
Pennsylvania Cancer Registry alone will not capture
non-cancer health effects caused by benzene, such as
aplastic anemia and myelodysplastic syndrome.

As part of this surveillance effort a combinatioll of

active and passive reporting of specific medical condi
tions including leukemia, anemia, and myelodysplastic
syndrome would be instituted. Complete blood counts
and other medical testing determined to be appropriate

also would be conducted every 6 mo or annually.
Surveillance might also include screening for biomark
ers of hematologic disease susceptibility (xenobiotic

enzyme polymorph isms), biomarkers of early hemato
logical effects of benzene exposure (chromosomal aber

rations), and evidence of environmental benzene
exposure (glycophorin A, benzene-related DNA adducts,
and urinary excretion products).3J-3b A further recom

mendation is to continue systematic surveillance over a
longer follow-up period for individuals potentially at the
greatest risk for leukemia such as children, the elderly,

individuals with comorbidilies, and residents living over
or adjacent to the projected gasoline plume boundary.
ATSDR also supported systematic surveillance for can

cer in the affected area. lJ

This research is one of very few studies to extensively

investigate exposures to gasoline!benzene in a commu
nily setting. Given the high prevalence of leaking under
ground gasoline tanks in the United Stales, this exposure
is far from unique. Therefore, it is important for com

munities and public health agencies to cooperate to
assess and address health effects potentially resulting
from such leaks.

Submitted for publication January 27, 2005; accepted for
publication May 16, 2005.

Reprint requests should be sent to Ami S. Patel, PhD, MPH,
Epidemic Intelligence Service Officer, Centers for Disease Control
and PreventionNirginia Dep<lrtment of Health. 109 Governor
Street; Suite 516-E, p.o. Box 2448; Richmond, VA 23218.
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2 API TOXICOLOGICAL REVIEWS 

BENZENE 

TOXICOLOGICAL REVIEW ON BENZENE 

L Substance 

Benzene. 
Formula: . CeH,I• 

Structural formula: 
Molecular weight=78.11. 
Synonyms: benzol.' 

phene. 

o 
IL Properties and Characteristics I, :, .. 

Boiling point =80.1 deg C (176.2 deg F). 
Melting point =5.5 deg C (41.9 deg F). 
Vapor pressure =74.6 mm of mercury at 20 deg C 

(68 deg F). 
Liquid density =0.899 g per milliliter at 0 deg C 

(32 deg F). 
Specific gravity =0.8787 at 15 deg C (59 deg F). 
Refractive index = 1.50 16 at 20 deg C (68 deg F). 
1 mg per liter =313 ppm; 100 ppm=0.319 mg per 

liter. 

Benzene is a clear, colorless liquid with a char
acteristic pleasant odor at low concentrations and a 
disagreeable odor at higher concentrations. It forms 
a highly inflammable and exploSive mixture with air 
at concentrations ranging from ·1.4 to 6.8 per cent 
benzene by volume. Pure benzene bums with a yel
low, luminous, smoky ilame. 

Benzene is relatively insoluble in water (0.08 g 
in 100 m1 water at 22 deg C), but is readily !Disable 
in all proportions with alcohol, ether, acetic acid, 
chloroform, carbon disulfide, carbon tetrachloride, 
and similar organic solvents. Commercial benzene 
is practically never pure, and usually contains vary
ing amounts of xylene, phenol, and toluene; also 
traces of carbon disulfide (0.2 to 1.0 per cent), 
thiophene (0.1 to 0.2 per cent), olefins, naphthalene, 
and similar substances. 

Olemically, benzene is the simplest of the aromatic 
hydrocarbons. It is rdatively stable, but is capable 
of a variety of substitution reactions such as chlorina
tion, nitration, sulfonation, and alkylation. Benzene 
is an excdlent solvent for most organic substances. 

llI. Probable Sources of Contact· 

Benzene is used extensively in the petroleum in
dustry. By far the. greatest amounts of benzene are 

• Figures refer to bibliography 00 p. 5. 

blended into motor gasolines. Some is used as a 
solvent in commercial processes such as the benzene
methyl ethyl-ketone dewaxing process, whereas minor 
amounts are used in pilot plants and laboratories for 
solvent or reagent purposes. Exposure to benzene 
is usually limited to vapor .expo~tfre, although skin 
contact may occur. . 

IV. Toxicology 

1. Acute Effects 

Acute benzene poisoning generally results from 
the inhalation of relatively high concentrations of 
the vapor. Exposure to air oontaining benzene in 
concentrations of 19,000 to 20,000 ppm (61 to 65 
mg per liter of air) causes death within a few 
minutes, whereas concentrations of 7,500 ppm (25 
mg per liter) are dangerous to life in I to 1 hour. 
The maximum concentration which can be tolerated 
for 1 hour without serious disturbances is estimated 
at from 3,000 to 4,700 ppm (10 to 15 mg per liter). 
Mild symptoms supervene following exposure to ~ 

1,500 to 3,000 ppm (5 to 10 mg per liter) for a .. 
period of s~eral hours. II The drinking of benzene 
produces symptoms similar to those following in-
halation of like amounts' of the substance, plus local 
evidences of acute irritation of the mouth, throat, 
esophagus, and stomach.1 

Acute exposure to benzene produces rapidly in
creasing symptoms of tightening of leg muscles, 
dizziness, excitation, and pallor, followed by Hush
ing, weakness, headache, breathlessness, apprehen
sion of death, and constriction in the chest. The 
pulse becomes rapid, and the color blue. Visual dis
turbances, tremors, and muscular weakness are en
countered. The' victim may lose consciousness an~ 
pass into coma, or may develop acute mania and 
delirium. Convulsions are fairly frequent. Death 
may occur almost at once or several hours to several 
days following exposure. II . 

Recovery from acute benzene poisoning requires 
from 1 to 4 weeks. Immediately 'after exposure there 
are temporary symptoms of chest and head pain, 
shortness of breath, giddineSs, nausea, and loss of e 
appetite. Evidences of unsteady gait, nervous irri-
tability, and breathlessness. may persist for 2 or 3 
weeks, whereas cardiac distress and a peculiar yellrro 0 2 
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pallor to the skin may last for as long as a month. 
Recovery from acute poisoning is generally complete 
after this period, although evidences of chronic ben
zene poisoning may be encountered later. S 

The acute effects of benzene exposure result from 
its depressant action on the central nervous system. 
In addition to its general narcotic action, benzene 
apparently has a characteristic neuro-irritant effect, 
which accounts for the hypertonicity, excitement, and 
convulsions which are encountered. Benzene also 
sensitizes the heart muscle to the action of epi
nephrine, so that instant death due to ventricular 
fibrillation may occur. Muscular activity increases the 
rate and severity of acute benzene poisoning. Per
sons dying of acute benzene poisoning generally show 
absence of clotting of the blood and widespread 
petechial hemorrhages in the brain, pleura, peri
cardium, urinary tract, intestinal tract, mucous mem
branes, and skin. There are no specific lesions of 
diagnostic import.' 

Skin contact with benzene results in defatting of 
the skin, and leads to the development of erythema, 
dry scaling and, in some cases, the formation of 
vesicular papules. Prolonged exposure may produce 
lesions resembling nrst- or second-degree burns. 

The production of systemic benzene poisoning 
by skin absorption has received scant attention in the 
literature, and definitive information on this subject 
is not available. Skin absorption is difficult to dis
tinguish, as inhalation of benzene vapor would ac
company it and confuse the picture, unless a mask 
was worn. However, reputable authorities have stated 
verbally that skin absorption is extensive, and should 
be avoided. 

2. Olronic Bffects 

Chronic benzene poisoning results from repeated 
or continuous exposure to relatively low concentra
tions of benzene vapor. The level and degree of 
exposure necessary to produce poisoning apparently 
vary widely. There are at least two well authenticated 
cases of poisoning by repeated exposures of only 
75 ppm; Tyet many chemists repeatedly expose them
selves to far higher concentrations over periods of 
many years with no apparent ill effects. 

Benzene is relatively insoluble in body fluids and 
tissues; therefore, only small amounts are absorbed by 
the body. Equilibrium between blood and air is ap-

proached within a few minutes after exposure is 
begun, and practically complete elimination of ben
zene from the blood occurs within a few minutes after 
the exposure is terminated. Higher concentrations 
of benzene are obtained in tissues with a greater fat 
content, and saturation and elimination are more 
gradual.8 

. 

. . Most of the benzene absorbed by the body is 
. metabolized to a variety of. substances, the principal 
one of which is phenol. Minor amounts of pyro
catechol, hydroquinone, muconic acid, and similar 
substances are also produced.8 Whether the toxicity 
of benzene is due to one of these metabolites or to 

unaltered benzene is not known. These substances 
are all eliminated in the urine after combination with 
sulfate and glycuronic acid. 

Practically all of the chronic effects of exposure 
are a result of the influence of benzene or its oxida
tion products on the blood-forming system. A variety 
of reactions may be encountered, and there is little 
correlation between the degree and duration of ex
posure and the severity or nature of the findings in 
the blood on microscopic examination. There is no 
single 'change in the blood or blood-forming organs 
which is universally present in benzene poisoning. II 

The bone marrow where blood is formed may be 
hypoplastic, fairly normal in appearance, or hyper
plastic. Abnormal forms or young cells may abound, 
and reasonably well documented instances of the 
development of leukemia as a result of chronic ben
zene exposure have been cited. It is generally be
lieved that various individuals differ in their bone
marrow response to benzen~me showing no 
essential change; some showing decreased cellularity; 
and others increased cellularity, and even evidences 
of malignant changes. Cases with symptoms fairly 
soon after exposure usually have fewer cells in the 
bone marrow, whereas cases developing later are 
more apt to have an increased number of cells in the 
marrow. It is believed that this .represents an early 
weeding out of those who develop hypoplastic 
changes, rather than a gradual shift from one type of 
response to the other.lO. 11 

The findings on microscopic examination of the 
blood are as variable as the bone-marrow response. 
They may consist of a reduction in red-cell, white
cell, or platelet levels-in any two of these, or in all 
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three. These changes can develop gradually or sud
denly. The blood usually shows a moderate reduc
tion in red cells (below 3.5 million) white cells 
(t>elow 4,500), and platelets. Examination of the 
blood for evidences of bemene poisoning should 
never be limited to a single determination such as a 
red- or white<e11 count, but should consist of a com
plete study of the red, white, and platelet fractions. 
Progressive changes are of more significance than 
the absolute alteration. 

Benzene is elimin.a:ted from the body in part via 
the lungs and in part via the kidneys. The ratio of 
renal to lung exaetion is not known. That portion 
exaeted in the urine is in combination with sulfate 
or with glucuronic acid. The combination of benzene 
with sulfate alters the organic-inorganic sulfate ratio, 
so that an estimation of the ratio of organic to in
organic sulfate may provide a useful guide to the 
degree of absorption of benzene by the body.ta. 14 

There is speculation in the literature on the occur
rence of latent bOne-marrow injury due to benzene 
without any immediate alteration in blood findings, 
followed by the development of obvious blood 
changes years later, under the stress of intercurrent 
illnesses or the general wear ~d tear of everyday 
life.ll Conclusive proof is lacking, but the occurrence 
of delayed toxic effects appears likely. 

The wide individual variation in susceptibility to 
benzene has already been mentioned. Certain factors 
have been noted to inBuence this to a limited de
gree. Overweight individuals are more commonly 
affected,lG but no difference in susceptibility has been 
noted between young men and women.ll, 18 A low
protein high-fat diet is said to promote the disease,8. 
whereas the presence of lung disease, heart disease, 
and liver or kidney damage are believed to predis
pose to the condition.18 Pregnant women may be 
more prone to benzene poisoning than others. II 

3. Safe Limits 

The American Standards Association l' and most 
states 18 have set an arbitrary limit of 100 ppm as 
the maximum permissible benzene concentration for 
workers exposed to this substance during an 8-hour 
day. Massachusetts and Oregon have set limits of 
75 ppm, wheteas New York considers 50 ppm as the 
highest permissible ievel. Inasmuch as the body de
velops no tolerance to benzene, and as there is a wide 

variation in individual susceptibility, it is generally 
considered that the only absolutely safe concentration 
for benzene is zero.ll The inadequacy of a lli;nit of 
100 ppm is indicated by well authenticated reports 
of at least 2 cases of benzene poisoning following 
exposure to only 75 ppm.' A limit of 50 ppm or less 
is strongly recommended, .partietdarly .where ex
posures are recurrent. Skin contact should be avoided. 

V. Treatment of Benzene Poisoning 1. 19 

Acute poisoning by benzene should be considered 
as an acute emergency. The victim must be removed 
from the contaminated atmosphere at once, and kept 
at complete rest subsequently. Care must be taken 
that the rescuers are not also overcome by the fumes. 
Frequently, rescuers who exert themselves will suD
sequently die, whereas the inactive victim recovers. 
Artificial respiration should be administered if natural 
breathing has been interrupted, and oxygen may be 
administered, as well, if it is available. The use of • 
adrenin should be avoided because of the danger of 
inducing ventricular fibrillation. There are poorly 
substantiated reports of benefit from the intravenous 
injection of lecithin, but such measures should be 
considered with skepticism at present. 20 Inasmuch 
as benzene is excreted rapidly, no specific measures 
to promote its removai from the body are necessary. 

Ou-onic benzene poisoning is extremely refractory 
to treatment. Practically all therapeutic measures 
attempted have failed, although transfusions are 
at least temporarily useful in combatting severe 
anemia.:! 1 The administration of fairly large doses 
of ascorbic acid (100 mg per day) may be of value 
and should be carried out.:!2 It is most important, 
however, that the condition be diagnosed early and 
the individual withdrawn from all contact with th~ 
affecting agent for the rest of his life. 

VI. Examinations 

The pre-employment examination should include 
a detailed history, physical examination, chest X-ray, 
and complete blood count. All workers with organic 
disease of the heart, lungs, liver, or kidneys should be 
eliminated, as should those with any history of 
previous benzene intoxication or any evidence of 
abnormality of the blood or blood-clotting mech-
anism.Hi; 1G 
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Periodic re-examinations should be carried out 
regularly, their frequency being determined by the 
severity of the exposure. Individuals exposed to con
centrations approaching the accepted "safe" limits 
should be examined at monthly intervals at least.ll• 23 

The examination should include a brief interval his
tory _ and physical inspection, together with a com
plete blood study, including white and diHerential 
counts and an estimation of the platelet levels. The 
ratio of inorganic to total urinary sulfates should be 
determined in order to detect the presence of ex
cessive absorption and excretion of benzene.1S. u 

Any change in the blood picture or the presence of 
an inorganic total sulfate ratio of less than 50 per 
cent is cause for withdrawal of the worker from any 
further exposure. Due to the delayed character of 
benzene poisoning, it would be well to continue 
periodic blood counts for several months after ex
posure has ceased. 

VII. Precautionary Measures 

The safety measures necessary for the prevention 
of benzene poisoning are primarily those designed to 
pre\'ent the inhalation of benzene vapor. Ventilation, 
either by dilution or local e:maust, should be so de
signed as to prevent toxic concentrations of the 
yapors from reaching the breathing· zone of the 
~orkers. All apparatus and piping should be in
spected regularly and systematically for the presence 
of leaks. Workers who must be exposed to benzene 
vapor should be rotated in order to reduce their 
exposure time to a minimum. When excessive con
<entrations are unavoidably encountered in opera
tions, such as the cleaning of tank cars, vats, or 
storage tanks, air masks should be employed.24 

The concentration of benzene vapor on equipment 
pre\·iously exposed to the liquid should be reduced 
by cleaning with steam, if possible, or by cooling. 
Apparatus to be cleaned in benzene should be cold, 
in order to reduce evaporation, and stopcocks or 
joints should be smeared with glycerin which, being 
insoluble in benzene, keeps them airtight.23 

Skin contact and possible dermatitis from benzene 
should be avoided entirely if possible; but, if the 
hands must c~ntact the solvent, then neoprene gloves 
or protective creams should be used. 

The prophylactic administration of 100 mg of 

ascorbic acid (vitamin "e") daily to individuals 
unavoidably exposed to benzene vapor might well 
be of value, although it would be difficult to prove 
its effectiveness or to justify its cost. 

The concentration of benzene vapor in the air 
should be checked regularly.Jn situations where ex
cessive exposures are -apt to be encountered. This 
can be done by a variety of methods, among the best-

-of which are the butanone method,2 in which ben-
zene is nitrated to form mdinitrobenzene, which is 
subsequently estimated colorimetrically with the aid 
of butanone; the mdinitrobenzene reduction method,:! 
in which mdinitrobenzene formed from benzene is 
separated from nitrating acids by steam distillation, 
reduced by an excess of standard titanous chloride 
solution, and the excess titanous chloride back-titrated 
with a standard ferric-alum solution; the use of the 
benzol indicator, which depends on an indirect mea
surement of the heat produced by oxidation of benzol; \ 
and, finally, the colorimetric determination of ben
zene by oxidation with hydrogen peroxide in the 
presence of a ferrous sulfate solution.2 More re
cently, an absorptiometric method has been intro
duced in England which is said to be more specific 
than other methods.:!:; In this procedure benzene, 
xylene, and toluene vapors are absorbed in a bead 
bubbler charged with a nitration mixture, diluted, 
and neutralized. The nitro derivatives are extracted 
with butanone, and the yellow color imparted to the 
butanone by the nitro derivatives of toluene and 
xylene is measured. The mixture is then made alka
line, and color development allowed to proceed. The 
solution is then acidified, with disappearance of the 
blue-green color due to xylene and toluene but 
persistence of the color due to benzene. This color 
is then measured. 

The individual method chosen must depend on 
circumstances. The mdinitrobenzene reduction 
method and the absorptiometric method are accurate 
but rather cumbersome. The butanone and oxida
tion in presence of hydrogen-peroxide and iron-salts 
methods are simpler and more rapid, but are less 
accurate. The use of the benzol indicator is probably 
the simplest, but the presence of other hydrocarbons 
will interfere seriously, as they are also oxidized. 
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INTRODUCTION  

This proposed plan provides information on the 
investigations conducted and the cleanup decisions 
proposed for the Propulsion Laboratory Operable Unit 
(OU) located in the China Lake Complex at Naval Air 
Weapons Station (NAWS) China Lake (see Figure 1). This 
proposed plan presents the remedial alternatives (options 
for cleaning up the site) that were considered and 
recommends the preferred alternatives.  The Navy 
evaluated seven cleanup alternatives for the four sites and 
one area of concern (AOC) at the Propulsion Laboratory 
Operable Unit (PLOU) (Sites 8, 11, 46, 49, and AOC 79).  
The cleanup alternatives are summarized in this proposed 
plan and are presented in more detail in the final 
Feasibility Study for the PLOU. (Words that appear in 
bold print are defined in the glossary on page 9.) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This proposed plan is being issued under the 
Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) Section 117 
(a), the law commonly known as “Superfund”.  The 
proposed plan is issued to ensure that the public has an 
opportunity to comment on the proposed action and 
contribute to the decision-making process.  The public 
comment period on the proposed plan begins September 
10, 2008 and ends October 10, 2008.  A public meeting will 
be held on September 17, 2008 so that the public can 
discuss the proposed plan with representatives from the 
Navy and state environmental regulatory agencies.   

The Navy invites you to comment on this proposed plan.  
The Feasibility Study and other environmental 
investigation documents for the PLOU can be viewed in the 
information repository at the Ridgecrest Branch of the Kern 
County Public Library, 131 E. Flores Avenue, Ridgecrest, 
California  93555. 

DATES TO REMEMBER 

Public Review and Comment Period: 
September 10 to October 10, 2008 

Public Meeting: 
September 24, 2008 at 6:30 p.m. 

Indian Wells Valley Water District Office 
500 West Ridgecrest Boulevard 

Ridgecrest, California 93555 
(760) 375-5087 
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The Navy is responsible for planning and carrying out 
cleanups to remediate contamination resulting from 
Navy operations at NAWS China Lake. Environmental 
investigations have been conducted by the Navy in 
cooperation with the California Environmental 
Protection Agency, Department of Toxic Substances 
Control (DTSC), and the Regional Water Quality 
Control Board (RWQCB). The Navy has worked with 
these agencies in evaluating environmental conditions at 
the PLOU and identifying a preferred alternative. A final 
remedy will be selected by the Navy in consultation with 
these agencies after the public comment period has 
ended and public comments have been considered.  The 
selected remedy will be documented in a CERCLA 
Record of Decision (ROD)/ Remedial Action Plan 
(RAP). Responses to public comments will be presented 
in the “responsiveness summary” section of the 
ROD/RAP. 

SITE BACKGROUND 

NAWS China Lake is located in the southeastern 
California desert, about 150 miles northeast of Los 
Angeles. It is composed of two major areas, the China 
Lake Complex, and the Randsburg Wash/Mojave B 
Complex (see Figure 1). The location of the PLOU at 
NAWS China Lake is shown on Figure 2 above. 

The 950-square-mile China Lake Complex, located in 
Inyo, San Bernardino, and Kern Counties, contains most 
of the range and test facilities, as well as NAWS China 
Lake headquarters and the China Lake Community.  The 
Naval Ordnance Test Station at China Lake was 
established in 1943 and has since expanded in support of 
air warfare systems research, development, and testing 
for the U.S. Department of Defense and the Navy. 

The PLOU includes two laboratory areas:  the Salt Wells 
Propulsion Laboratory (SWPL) and the China Lake 
Propulsion Laboratory (CLPL).  At SWPL, the original 
mission was to produce non-nuclear, high-explosive 
components for the first atomic and nuclear weapons.  
The CLPL originally served as a propellant research and 
development facility for the California Institute of 
Technology and as an integrated rocket motor loading 
plant for the Navy. 

The PLOU consists primarily of four sites and one AOC 
that are managed under the Navy’s Installation 
Restoration (IR) Program (the Department of 
Defense’s environmental cleanup program) at NAWS 
China Lake: Site 8, Salt Wells Drainage; Site 49, 
Propulsion Laboratory Ponds; Site 11, Propulsion 
Laboratory Evaporation Pond; Site 46, Dunkit Drainage 
Ditch; and AOC 79, Thermal Research Pond. (see 
Figure 2). 

FIGURE 2: Location of Propulsion Laboratory OU at NAWS China Lake 

Salt Wells 
Propulsion Lab 

China Lake 
Propulsion Lab 
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Sites 8 and 49, Salt Wells Drainage and 
Propulsion Laboratory Ponds, consist of a series of 
drainage ditches that traverse the hillside of the PLOU. 
From 1946 to 1981, wastewater from explosive and 
propellant processing laboratories was sent through solid 
separation units and then discharg0ed to the drainages.  
Approximately 14,000 gallons of wastewater were 
discharged each day.  In 1981 the Site 8 drainages were 
replaced with the Site 49 evaporations ponds. 

Site 49 consists of a series of twenty-one clay-lined 
evaporation ponds and associated equipment, piping, and 
sumps.  In the mid-1980s, inspections revealed that 
many of the evaporation ponds were leaking.  As a 
result, seven of the evaporation ponds were 
reconstructed in 1989.  A removal action was conducted 
at Site 49 in 1995 and 1996 to remove the ponds, all 
associated equipment, and the underlying soil.  Sites 8 
and 49 are discussed together in this proposed plan 
because they are located in the same area and contain 
many of the same contaminants.  

Site 11, Propulsion Laboratory Evaporation 
Pond, consists of a single evaporation pond located 
adjacent to Building 10570.  The pond received 
wastewater discharge from Building 10570, which was 
used to manufacture solid and aerosol propellants and 
1,3,5-trinitro-1,3,5-triazine (RDX).  The unlined 
evaporation pond was replaced by a clay-lined pond in 
1981.  The pond was removed in 1995 and 1996 along 
with the Site 49 ponds. 

Site 46, Dunkit Drainage Ditch, leads east away 
from a cleaning facility for rocket motor casings.  The 
cleaning facility consists of two solvent tanks, a concrete 
drying pad, a solvent storage shed, and two sumps.  
Rocket motor casings have been cleaned at the Site 49 
facility since 1971.  The casings were dipped in 
methylene chloride and formic acid and drained over 
tanks.  Soaked casings were then placed on a washdown 
pad and rinsed with solvents and water.  Rinsate was 
allowed to run off the pad to the ground surface, and ran 
down the hillside creating the drainage ditch.  In 1989, 
the Navy began collecting spent solvents and rinse water 
in a tank for disposal as hazardous waste. 

AOC 79, the Thermal Research Pond, is a 15-foot-
diameter pit located near a laboratory building, with a 
buried discharge pipe that leads to its center. Given its 
location, the site appears to be associated with discharge 
from nearby laboratory buildings.  There is no historical 
information about what chemicals may have been 
discharged into the pit, the quantity of discharge, or 
when the discharge may have occurred.   

NATURE OF CONTAMINATION 

The Chemicals of Concern (COCs) identified for each 
site during the remedial investigation are described 
below. 

Sites 8 and 49, Salt Wells Drainage and 
Propulsion Laboratory Ponds:  Volatile organic 
compounds (VOCs) and explosives were identified in 
surface and subsurface soil and in groundwater. These 
contaminants were primarily associated with the release 
of industrial waste water from the laboratory facilities at 
the PLOU.  Specific contaminants at Sites 8 and 49 
include the explosive compounds 2,4,6-trinitrotoluene 
(TNT) and RDX in soil, and the VOC 2-nitrotoluene in 
soil and tetrachloroethene (PCE) and chloroform in 
groundwater. 

Most of the contaminants in surface and subsurface soil 
were located in the drainages in the central and southern 
portion of Sites 8 and 49.  The contaminants were 
detected with decreasing frequency and concentrations 
progressing down-slope to the east away from the 
laboratory facilities.   

In 1995 an Engineering Evaluation/Cost Analysis 
(EE/CA) was prepared for Site 49 that recommended the 
removal of the evaporation ponds.  A removal action 
was conducted in 1995 and 1996 to remove the 
evaporation ponds, all associated equipment, and the soil 
beneath the ponds.  After each pond had been removed, 
the area was backfilled with clean fill and regraded.  
Analytical results from confirmation soil samples 
collected at the bottom of the excavations at five of the 
ponds indicated that soil left in place contained 
explosives at concentrations that could pose a risk to 
industrial workers. 

Site 11, Propulsion Laboratory Evaporation 
Pond:  One semivolatile organic compound (SVOC), 
n-nitros-di-n-propylamine, was identified in surface and 
subsurface soil as a COC for Site 11 during the remedial 
investigation.  Groundwater was not encountered at 
Site 11. 

Site 46, Dunkit Drainage Ditch:  Numerous 
investigations have been conducted at Site 46.  
Chromium was identified as a COC in surface soil, and 
trichloroethene (TCE) as a COC in groundwater.  
Samples collected for the remedial investigation indicate 
a trend of higher concentrations near the Dunkit tank and 
washdown area with concentrations decreasing to the 
east.  
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AOC 79, Thermal Research Pond:  No COCs were 
identified in soil during the remedial investigation at 
AOC 79.  Groundwater was not encountered at this site.  
Zinc was detected in soil samples and was identified as a 
chemical of ecological concern at AOC 79.  

SUMMARY OF SITE RISKS 

As part of the investigation process, the Navy conducted 
human health risk assessments (HHRAs) and 
ecological risk evaluations to assess the potential 
negative human health and ecological effects caused by 
exposure to chemicals released from the PLOU sites.  
The risk assessments are summarized below (see the 
final Feasibility Study for more information on these 
risks).   

For the HHRA, cancer risks resulting in one additional 
cancer per million people (1:1,000,000) and one 
additional cancer per ten thousand people (1:10,000) are 
used as benchmarks by the U.S. Environmental 
Protection Agency (EPA) in assessing the need for 
cleanup.  EPA uses an individual lifetime excess cancer 
risk of 1:1,000,000 as a point of departure for 
establishing cleanup goals for the risks from 
contaminants at specific sites.  While the 1:1,000,000 
starting point expresses EPA’s preference for setting 
cleanup levels at the more protective end of the risk 
range, it is not a presumption that a final cleanup will 
attain that risk level. The second step involves 
consideration of a variety of site-specific or cleanup-
specific factors.  Such factors will enter into the 
determination of where within the risk management 
range of 1:10,000 to 1:1,000,000 the cleanup standard 
for a given contaminant will be established. 

Noncancer risks are assessed based on a hazard index.  
Cleanup action is considered at sites where the 
noncancer hazard index is greater than 1. 

The ecological risk evaluation assessed the potential 
risks to plants and invertebrates, birds, and mammals.  
Cleanup action is considered at sites where the 
ecological hazard quotient (HQ) is greater than 1. 

The results of the human and ecological risk evaluations 
follow for each site. 

Sites 8 and 49:  The HHRA identified unacceptable 
health risks at Sites 8 and 49.  Cancer risks were 
identified for current industrial workers and future 
industrial and constructions workers and residents 
greater than 1 in a million excess cancer risk, but within 
the risk management range.  Noncancer risks were 

identified for future industrial and construction workers 
and residents.  These risks are primarily from ingestion 
of, skin contact with, and inhalation of explosives and 2-
nitrotouene in soil, and inhalation of PCE and 
chloroform in groundwater. 

The ecological risk evaluation showed unacceptable 
risks for plants, invertebrates, birds, and mammals at 
Sites 8 and 49 posed by explosives in soil.   

Site 11:  The only unacceptable human health risks 
identified at Site 11 was additional cancer risks for 
current industrial workers and future residents.  The 
cancer risks were evaluated to be greater than 1 in a 
million excess cancer risk, but within the risk 
management range.  These risks were primarily from 
ingestion of, and skin contact with one SVOC in soil.  
The ecological risk evaluation showed no unacceptable 
ecological risks at Site 11. 

Site 46:  Cancer risks for current industrial workers and 
future residents fell within the risk management range.  
The risks to current industrial workers were primarily 
from ingestion of, skin contact with, and inhalation of 
chromium in surface soil.  The risk to future residents 
was primarily through inhalation, ingestion, and skin 
contact with TCE in groundwater. The ecological risk 
evaluation identified unacceptable risk to plants, 
invertebrates, and birds from chromium in surface soil. 

AOC 79: The risk assessment identified no 
unacceptable human health risks at AOC 79.  The 
ecological risk evaluation identified unacceptable risks 
for plants and invertebrates from zinc in soil. 

In summary, the risk assessments indicate the need to 
consider cleanup action at Sites 8 and 49, Site 11, Site 
46, and AOC 79.  The Navy intends to continue to use 
the PLOU property for military/industrial purposes.  
Consequently, protection of future hypothetical residents 
at these sites will be addressed as a conservative 
(protective) measure. 

REMEDIAL ACTION OBJECTIVES 

Remedial action objectives are established to identify 
and screen cleanup alternatives that would protect 
human health and the environment.  The cleanup action 
objectives for the PLOU were developed based on its 
most likely future land use, which is consistent with its 
current use as an operating Navy industrial/military 
facility accessible only to authorized Navy personnel or 
visitors approved by NAWS China Lake.  
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The media of concern for the PLOU sites are as follows: 
(1) surface and subsurface soil at Sites 8 and 49, and 11, 
(2) surface soil at Site 46 and AOC 79, and (3) 
groundwater at Sites 8 and 49, and Site 46. 

Based on the anticipated land use, the cleanup action 
objectives for the PLOU are as follows:  

Sites 8 and 49: 
 Prevent direct contact with RDX in surface soils at 

Sites 8 and 49 at concentrations that pose a human 
health risk greater than one in a million or a hazard 
index greater than 1.0 to current industrial workers. 

 Prevent direct contact with RDX and TNT in 
subsurface soils at Sites 8 and 49 at concentrations 
that pose a human health risk greater than one in a 
million to future industrial workers, future 
construction workers, and hypothetical future 
residents. 

 Prevent indirect contact, via vapor intrusion to indoor 
air, with 2-nitrotoluene in subsurface soil at 
concentrations that pose a human health risk greater 
than one in a million to hypothetical future residents. 

 Prevent indirect contact, via inhalation of vapors in 
indoor air, with PCE and chloroform in groundwater 
at concentrations that pose a human health risk to 
future industrial workers and hypothetical future 
residents greater than one in a million. 

 Prevent direct contact between ecological receptors 
and HMX, RDX, and TNT concentrations in surface 
and subsurface soil that present an HQ greater than 
1.0.  

Site 11: 
 Prevent direct contact with n-nitroso-di-n-

propylamine in surface soil at concentrations that 
pose a human health risk greater than one in a million 
to current industrial workers. 

 Prevent direct contact with n-nitroso-di-n-
propylamine in subsurface soils at concentrations that 
pose a human health risk greater than one in a million 
to hypothetical future residents. 

Site 46: 
 Prevent direct contact with chromium in surface soil 

at concentrations that pose a hazard index greater 
than 1.0 for current industrial workers. 

 Prevent indirect contact, through inhalation of vapors 
in indoor air, with TCE in groundwater that poses a 

human health risk greater than one in a million to 
hypothetical future residents. 

 Prevent direct contact between ecological receptors 
and concentrations of chromium in surface soil that 
present an HQ greater than 1.0. 

AOC 79: 
 Prevent direct contact between ecological receptors 

and concentrations of zinc in surface soil that present 
an HQ greater than 1.0. 

For each of these cleanup objectives, risk-based 
concentrations were set for each chemical; that is, 
concentrations at which the chemicals no longer pose a 
risk.  These risk-based concentrations serve as cleanup 
goals for the PLOU. 

SUMMARY OF ALTERNATIVES 

The Feasibility Study identified the following response 
actions to prevent contaminants from posing a potential 
future unacceptable risk to human health and the 
environment:  

Alternatives Addressing Contaminated Soil 

Alternative S-1: No action. 

Alternative S-2: Institutional Controls, Excavation, 
and Off-Site Disposal.  

Alternative S-3: Institutional Controls, Excavation, 
Composting, and Off-Site Disposal. 

Alternative S-4: Institutional Controls, Excavation, 
Consolidation, and Containment. 

Alternative S-5: Excavation and Off-Site Disposal. 

Alternatives Addressing Contaminated Groundwater 

Alternative GW-1: No action. 

Alternative GW-2: Institutional Controls. 

Alternative GW-3: In Situ Chemical Oxidation. 

Each alternative is described below: 

Alternative S-1:  No-Action Alternative 
Alternative 1 provides a baseline used to compare the 
other alternatives.  Under this alternative, no action 
would be taken to alter the PLOU.  No land-use 
restrictions would be put in place, and no cleanup 
actions would be implemented.   
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Alternative S-2:  Institutional Controls,  
Excavation, and Off-Site Disposal 
Under Alternative S-2, contaminated surface and 
subsurface soil that poses an unacceptable risk to 
industrial workers, construction workers, or the 
environment would be excavated from the four sites and 
one AOC at the PLOU and stockpiled on site.  It is 
estimated that approximately 23,000 cubic yards of 
contaminated soil would be excavated from Sites 8 and 
49, Site 11, Site 46, and AOC 79.  Confirmation samples 
would be collected from the bottom and sides of the 
excavations to assure removal of the contaminants.  The 
excavations would be backfilled with clean fill and the 
areas restored to their original grade.  The stockpiled soil 
would be sampled for waste characterization and 
transported to a licensed disposal facility outside NAWS 
China Lake.  Based on the expected chemical 
concentrations, it is assumed that the soil would be 
disposed of as non-hazardous waste. 

Institutional controls would be put in place to prohibit 
residential use and development at the PLOU so no 
buildings or residences could ever be built on the site.  
These controls would be implemented through land-use 
restrictions and amendments to the NAWS China Lake 
Comprehensive Land Use Management Plan 
(CLUMP).  The specific controls and restrictions on 
land use for this alternative will be established in the 
ROD/RAP. 

Alternative S-3: Institutional Controls, Excavation, 
Composting, and Off-Site Disposal 
Alternative S-3 includes the excavation of surface soil at 
Site 46 and AOC 79 containing elevated metals 
concentrations that poses an unacceptable risk to 
industrial workers, construction workers, or the 
environment.  The soil would be disposed of at an 
appropriate off-site disposal facility.  Surface and 
subsurface soil that contains only elevated 
concentrations of SVOCs and explosives that poses an 
unacceptable risk to industrial workers, construction 
workers, or the environment would be excavated and 
composted on site.  This alternative includes the same 
institutional controls outlined in Alternative S-2. 

Composting uses natural micro-organisms to degrade the 
contaminants in the soil.  A temporary structure or liner 
would be constructed to contain the composting 
operations, control air emissions, and protect the soil 
from weather extremes.  The structure would contain an 
irrigation system to optimize moisture and nutrient 
control.  Soil samples would be collected periodically to 
monitor the decrease in contaminant concentrations.  
After the soil meets remediation goals, final disposal 
options will be evaluated based on the sample results.   

Alternative S-4: Institutional Controls, Excavation, 
Consolidation, and Containment 
Under Alternative S-4, surface and subsurface soil that 
poses an unacceptable risk to industrial workers, 
construction workers, or the environment would be 
excavated and consolidated into an engineered 
containment cell. This alternative would include the 
same excavation and confirmation sampling methods 
and institutional controls as Alternative S-2. 

A lined containment cell, similar to a landfill cell, would 
be constructed for permanent disposal of the excavated 
soil. The containment cell would be covered with a cap 
constructed of soil, clay, and/or synthetic liners similar 
to a landfill cap design.  The surface of the cap would be 
graded to promote drainage to the exterior edges of the 
cover.  The containment cell would be maintained and 
monitored for 30 years.  Five-year reviews will be 
conducted for the life of the containment cell to evaluate 
the continued effectiveness of the remedy.  Monitoring 
will be continued as long as the waste poses a threat to 
human health and the environment.  The containment 
cell would be recorded in the geographic information 
system database for the CLUMP so that land-use 
restrictions could be tracked and enforced. 

Alternative S-5: Excavation and Off-Site Disposal 
This alternative involves the excavation and off-site 
disposal of contaminated soil that poses an unacceptable 
risk to industrial workers, construction workers, or the 
environment, as well as hypothetical future residents.  
This would increase the volume of soil to be removed 
from the site from approximately 23,000 cubic yards in 
Alternative S-2 to approximately 29,000 cubic yards 
under this alternative.  The methods of excavation, off-
site disposal in a licensed facility, confirmation 
sampling, and waste characterization are the same as for 
Alternative S-2.  No institutional controls would be 
required for this alternative because no risk to potential 
future residents would remain after removal of the soil. 

Alternative GW-1:  No-Action Alternative 
Alternative GW-1 provides a baseline used to compare 
the other alternatives.  Under this alternative, no action 
would be taken to alter the PLOU.  No land-use 
restrictions would be put in place, and no cleanup 
actions would be implemented.   

Alternative GW-2: Institutional Controls and 
Groundwater Monitoring 
Under Alternative GW-2, future use of the site would be 
limited by the usage of institutional controls, such as 
prohibiting residential development, and thus prevent 
exposure via inhalation of VOCs in indoor air that may 
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migrate from groundwater.  Groundwater samples would 
be collected and monitored (1) to assess natural 
degradation of VOCs in groundwater over time, and (2) 
to verify that the contaminants are contained within the 
area subject to institutional controls.  The institutional 
controls would be similar to those described for soil in 
Alternative S-2. 

Alternative GW-3: In Situ Chemical Oxidation 
Under this alternative, an oxidant is injected into the 
groundwater.  The oxidant would react with the 
contaminants to break them down into non-toxic 
substances, thus meeting remediation goals for human 
health.  At PLOU, only one well at Sites 8 and 49 and 
two wells at Site 46 contain chemical concentrations 
above the remediation goals.  The treatment would target 
these areas.  Placement of new wells for treatment would 
be evaluated during the remedial design phase. 

For the Feasibility Study and this proposed plan, the 
oxidant evaluated for injection was potassium 
permanganate.  The Remedial Design for the PLOU, 
however, may specify a different oxidant based on site-
specific conditions.  After treatment, groundwater would 
be monitored to evaluate whether the remediation goals 
have been met.  

COMPARISON OF ALTERNATIVES 

CERCLA requires that a cleanup action must be 
compared against the nine EPA criteria (see “Selecting a 
Cleanup Remedy” fact sheet on page 10 of this proposed 
plan).  For any alternative to be considered, it must meet 
the two threshold criteria: (1) overall protection of 
human health and the environment; and (2) compliance 
with Applicable or Relevant and Appropriate 
Requirements (ARARs), federal or state laws that 
pertain to the site and the alternative.  After comparison 
to the threshold criteria, five additional primary 
balancing criteria are used to compare differences and 
select a preferred remedy: (3) long-term effectiveness; 
(4) reduction of toxicity, mobility, and volume; (5) cost; 
(6) short-term effectiveness; and (7) implementability.  
Finally, (8) state acceptance and (9) community 
acceptance may prompt modifications to the preferred 
remedy, and therefore are designated as modifying 
criteria.  Table 1 evaluates the five soil and three 
groundwater alternatives relative to the nine CERCLA 
criteria.  The estimated costs of each alternative are 
summarized in Table 2. 

 

 

THE PREFERRED ALTERNATIVES 

Alternative for PLOU Soil 
After Restoration Advisory Board (RAB) and agency 
input on the draft Proposed Plan, the Navy proposes 
Alternative S-4, Institutional Controls, Excavation, 
Consolidation, and Containment, for contaminants in 
soil at the PLOU.  Alternative S-4 provides the most 
cost-effective remedial alternative that is adequately 
protective of human health and the environment.   

Under Alternative S-4, surface and subsurface soil that 
poses an unacceptable risk to industrial workers, 
construction workers, or the environment would be 
excavated and consolidated into an engineered 
containment cell.  Contaminated surface and subsurface 
soil would be excavated from the four sites and one 
AOC at the PLOU and placed within a Corrective 
Action Management Unit (CAMU) within NAWS 
China Lake.  The excavations would be backfilled with 
clean fill and the areas restored to their original grade.  
The designation of a CAMU as a management tool 
proposed under this preferred alternative is the minor 
modification to alternative S-4 found in the Feasibility 
Study for PLOU. 

CAMU defined.  A CAMU is an area within a facility 
that is used only for managing CAMU-eligible wastes 
for implementing corrective action or cleanup at the 
facility. 

Area to be designated as a CAMU.  The Navy proposes 
to locate the CAMU entirely within the NAWS China 
Lake facility off of Tare Access Road near Site 6, and 
the CAMU will only contain CAMU-eligible wastes 
from the remedial activities at the PLOU.  By placing 
the CAMU at this location, the remedy would be more 
protective of human health and the environment by 
locating the engineered cell to a more permanent 
location with no groundwater and better access control. 

CAMU-eligible wastes to be included.  CAMU-eligible 
wastes are wastes managed for implementing cleanup.  
Wastes from ongoing industrial operations at a site are 
not CAMU-eligible wastes.  Wastes to be included in 
this CAMU would be approximately 23,000 cubic yards 
of contaminated soil excavated from the PLOU.  The 
Navy believes that the proposed excavated wastes are 
CAMU-eligible wastes as defined in the regulations. 

Engineered CAMU.  A lined containment cell would be 
constructed off of Tare Access Road near Site 6 for 
permanent disposal of the excavated soil in accordance 
with Federal and State CAMU regulations.  The 
containment cell would be covered with a cap 
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constructed of soil, clay, and/or synthetic liners, modeled 
after standard landfill cap designs.  The surface of the 
cap would be graded to promote drainage to the exterior 
edges of the cover.   

Maintenance and monitoring.  The containment cell 
would be maintained and monitored for 30 years.  Five-
year reviews will be conducted for the life of the 
containment cell to evaluate the continued effectiveness 
of the remedy.  Monitoring will be continued as long as 
the waste poses a threat to human health and the 
environment.  The containment cell would be recorded 
in the geographic information system database for the 
CLUMP to track and enforce land-use restrictions.  

Overall benefits.  First, this alternative includes the 
removal of soil with contaminants posing a threat to 
commercial/industrial, construction worker, and 
ecological receptors.  Second, the CAMU is located 
within a restricted-access military base at a site with 
existing institutional controls; therefore, institutional 

controls will be easily enforced.  Finally, this alternative 
is considered the “green remediation” solution by 
reducing air emissions and carbon footprints associated 
with offsite transportation of contaminated soil. 

Alternative for PLOU Groundwater 
The Navy proposes Alternative GW-2, institutional 
controls and groundwater monitoring for contaminants 
in groundwater at the PLOU.  The future use for the 
PLOU is continued use as a military industrial property.  
Institutional controls, such as prohibiting residential 
development, will be used to place limits on future use 
of the site.  Groundwater samples would be collected 
and monitored to define the area that would be subjected 
to institutional controls.  Alternative GW-2 provides the 
most cost-effective remedial alternative that is 
adequately protective of human health and the 
environment. 

 

 

Table 1:  Summary of the Comparative Analysis of Cleanup Alternatives 

Alternative 

Overall 
Protection of 

Human Health 
and the 

Environment 

Compliance 
with Applicable 
or Relevant and 

Appropriate 
Requirements 

Long-Term 
Effectiveness 

and 
Permanence 

Reduction of 
Toxicity, 

Mobility or 
Volume 
Through 

Treatment 

Short-Term 
Effectiveness Implementability Cost-

Effectiveness 
State 

Acceptance 
Community 
Acceptance 

S-1 and GW-1:  No action ○ ○ ○ ○ ○ ● ● 
SOIL        

S-2: Institutional Controls, 
Excavation, and Off-Site 
Disposal   

● ● ◓ ○ ● ● ◓ 

S-3: Institutional Controls, 
Excavation, Composting, 
and Off-Site Disposal 

● ● ○ ● ○ ○ ○ 

S-4: Institutional Controls, 
Excavation, On-Site 
Consolidation, and 
Containment 

● ● ○ ○ ○ ◓ ● 

S-5: Excavation and Off-Site 
Disposal ● ● ● ○ ◓ ● ◓ 

GROUNDWATER        

GW-2: Institutional Controls ● ● ◓ ○ ○ ● ● 

GW-3: In Situ Chemical 
Oxidation ● ● ● ● ◓ ◓ ○ 

The State 
reviews the 
Proposed 

Plan.  
Comments 
from their 
review will 

be 
addressed. 
A response 

to their 
comments 

will be 
included in 

the final 
document. 

The 
alternatives 

will be 
evaluated 

for 
community 
acceptance. 

Upon 
completion 
of public 
comment 
period, 
these 

comments 
will be 

documented 
in the final 
ROD/RAP.

● Good  ◓ Fair  ○ Poor  

 
Table 2:  Summary of Estimated Costs 

Alternative Total Present Value Cost 
S-1 and GW-1:  No Action None 

 Institutional Controls, Excavation, and Off-Site Disposal $10 million 

 Institutional Controls, Excavation, Composting, and Off-Site Disposal $22 million 

 Institutional Controls, Excavation, On-Site Consolidation, and Containment $5.1 million 

 Excavation and Off-Site Disposal $9.9 million 

GW-2: Institutional Controls $1.2 million 

GW-3: In Situ Chemical Oxidation $15 million 
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GLOSSARY OF ACRONYMS AND TERMS 
 

Area of Concern (AOC) – an area where past activities 
created the potential for releases of chemicals to the 
environment, but where no data exists to evaluate this 
potential. 

Chemical of Concern (COC) – a chemical present at a site in 
soil, sediment, groundwater, or surface water at concentrations 
that may potentially pose a threat to human health or the 
environment. 

Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA or Superfund) – a federal law 
that regulates environmental investigation and cleanup of sites 
identified as potentially posing a risk to human health or the 
environment. 

Corrective Action Management Unit (CAMU) – an area 
within a facility that is used only for managing remediation 
wastes for implementing corrective action or cleanup at the 
facility. 

Ecological Risk Evaluation – an evaluation of the likelihood 
that plants or animals exposed to contaminants at a site would 
suffer harm. 

Ecological receptors – plants and animals, including 
invertebrates, birds, reptiles, and mammals. 

Engineering Evaluation/Cost Analysis (EE/CA) – an 
analysis that identified the objectives of the proposed remedial 
alternatives and analyzes the effectiveness, implementability, 
and cost of the various alternatives that may satisfy remedial 
action objectives. 

Feasibility Study – a study that identifies and evaluates 
cleanup technologies for a site based on effectiveness, 
availability, cost, and other criteria.  

Groundwater – water below the ground surface in rock, soil, 
or sediment that can be pumped from a well. 

Hazard Index – a calculated value that represents a potential 
noncancer health effect.  A hazard index value of 1.0 or less is 
considered protective of human health. 

Human Health Risk Assessment (HHRA) – an analysis of 
the potential negative human health effects caused by 
exposure to hazardous substances released from a site. 

Installation Restoration (IR) Program - Department of 
Defense comprehensive program to investigate and clean up 
environmental contamination at military facilities in full 
compliance with CERCLA. 

Institutional Controls – Non-engineering mechanisms 
established to limit human exposure to contaminated soil, 
sediment, or groundwater. 

Invertebrate – animals without internal skeletons, such as 
insects. 

NAWS – Naval Air Weapons Station. 

Operable Unit (OU) – a group of one or more cleanup sites 
that have similar characteristics, such as contaminants, 
industrial processes, or location. 

PLOU – Propulsion Lab Operable Unit. 

Point of Departure – a benchmark established to determine 
whether a potential health or environmental problem exists.   

Proposed Plan – a document that reviews cleanup 
alternatives, summarizes recommended cleanup actions, 
explains the reasons for recommending them, and solicits 
comments from the community. 

RDX – 1,3,5-trinitro-1,3,5-triazine, and explosive compound. 

Receptors – any organism (human or ecological) that may be 
exposed to site contaminants. 

Record of Decision (ROD)/Remedial Action Plan (RAP) – 
a decision document that specifies the cleanup alternative 
chosen for implementation at a CERCLA site.  The ROD is 
based on information from the remedial investigation and 
Feasibility Study, and on public comments and community 
concerns.  This decision document is called a record of 
decision (ROD) under CERCLA and a remedial action plan 
(RAP) under state law. 

Remedial Action – a general term used to describe 
technologies or actions implemented to contain, remove, or 
treat hazardous wastes to protect human health and the 
environment. 

Remedial Action Objectives – a set of statements that each 
contains a remediation goal for the protection of receptor(s) 
from chemical(s) in a specific medium (soil, sediment, 
groundwater, surface water, or air) at a site. 

Remedial Investigation – an investigation that identifies the 
nature and extent of potential contaminants at a site and 
assesses human health and environmental risks from the 
potential contaminants. 

Risk – Likelihood or probability that a hazardous substance 
released to the environment will cause adverse effects on 
exposed human or other biological receptors.  Classified as 
carcinogenic (cancer causing) or non-carcinogenic.  

Risk-Based Concentration - The concentration levels for 
individual chemicals that correspond to a specific cancer risk 
level of one in a million or an HQ of 1. 

Risk Management Range – The risk management range is 
considered to represent a risk between 1 in 10,000 (1E-04) and 
1 in 1,000,000 (1E-06). 

Semivolatile Organic Compound (SVOC) - carbon-
containing organic compounds that do not evaporate as readily 
as volatile organic compounds. 

Tetrachloroethene (PCE) – a VOC commonly used as a 
solvent. 

TNT – 2,4,6-trinitrotoluene, and explosive compound 

Volatile Organic Compounds (VOCs) – organic (carbon-
containing) compounds that evaporate readily at room 
temperature.  PCE and TCE are examples of VOCs that were 
detected in samples from the PLOU. 
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The Navy considers the following nine criteria in accordance with federal regulations in 
 evaluating altenatives for cleaning up a hazardous waste site.  Threshold criteria 1 and 2 must 
 be satisfied.  Primary balancing criteria 3 through 7 are used to weigh major trade-offs among 
 alternatives.  State and community acceptance 8 and 9 may prompt modifciations to the preferred 
 remedy, and are thus designated, modifying criteria.

SELECTING A CLEANUP REMEDY

2003 

2004 

2002 

GO 

(1) Overall Protection of Hu-
man Health and the Envi-
ronment

Addresses whether a remedy 
provides adequate protection 
of human health and the envi-
ronment and describes how 
risks are eliminated, reduced, 
or controlled through treat-
ment, engineering controls, or 
institutional controls.

(2) Compliance with Appli-
cable or  Relevant and Ap-
propriate Requirements 
(ARARs)

Addresses whether a remedy 
will meet all ARARs or fed-
eral and state environmental 
statutes or provide grounds for 
invoking a waiver.

(3) Long-term Effectiveness

Refers to the ability of a rem-
edy to maintain reliable pro-
tection of human health and 
the environment over time, 
once cleanup goals have been 
met.

(4) Reduction of Toxicity, 
Mobility, and Volume  
(TMV)

Refers to the ability of a rem-
edy to reduce the toxicity, mo-
bility, and volume of the 
hazardous components present 
at the site.

(5) Cost

Evaluates the estimated capital 
and operation and mainte-
nance costs of each alterna-
tive.

(6) Short-term Effectiveness

Addresses the period of time 
needed to complete the rem-
edy, and any adverse impacts 
on human health and the envi-
ronment that may be posed 
during the construction and 
implementation period, until 
the cleanup goals are 
achieved.

(7) Implementability

Refers to the technical and ad-
ministrative feasibility of a 
remedy, including the avail-
ability of materials and serv-
ices needed to carry out a 
particular option.

(8) State Acceptance

Indicates whether, based on its 
review of the information, the 
state concurs with, opposes, or 
has no comment on the pre-
ferred alternative.

(9) Community Acceptance

Indicates whether community 
concerns are addressed by the 
remedy and whether the com-
munity has a preference for a 
remedy.  Although public 
comment is an important part 
of the final decision, EPA is 
compelled by law to balance 
community concerns with all 
of the criteria.
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YOUR COMMENTS MAKE  
A DIFFERENCE! 

The final decision for the PLOU may be 
different from the preferred alternative 

presented in this proposed plan, based on 
comments submitted during the public 

comment period.  Please comment on the 
preferred alternative or any of the other 
alternatives.  Below you will find specific 

information on how you can participate during 
the comment period. 

 FOR MORE INFORMATION 
If you have any questions about environmental 
issues at NAWS China Lake, please contact: 

Peggy Shoaf 

Environmental Public Involvement 
1 Administration Circle, Stop 1014,  

Code N09NS 
China Lake, California  93555-6100 

(760) 939-1683 

peggy.shoaf@navy.mil 

 

COMMUNITY PARTICIPATION 
The Navy and the Department of Toxic Substances Control invite the public to become involved in the process of 
selecting the proposed remedy.  Comments from the communities that surround NAWS China Lake are valuable in 
helping to select a final remedy for the PLOU.  Based on public comments, the preferred alternative may change. 

There are two ways for you to provide your comments during the public comment period, between 
September 10 and October 10, 2008.  You may send written comments to Peggy Shoaf or Marcus Simpson 
at the following addresses: 

Peggy Shoaf 
Environmental Public Involvement 

1 Administration Circle, Stop 1014, Code N09NS 
China Lake, California  93555-6100 

(760) 939-1683 
peggy.shoaf@navy.mil 

Marcus Simpson 
California Department of Toxic Substances Control 

Public Participation Specialist 
8800 Cal Center Drive 
Sacramento, CA 95826 

(916) 255-6683 
msimpson@dtsc.ca.gov 

Alternatively, you may submit your comments to the Navy or the Department of Toxic Substances Control 
during the public meeting on September 24, 2008.  The meeting will be held in the main conference room of 
the Indian Wells Valley Water District Office, 500 West Ridgecrest Boulevard, Ridgecrest.  A court reporter 
will be present at the meeting to record comments. 

After the public comment period is over, the Navy and the Department of Toxic Substances Control will review and 
consider the submitted comments before making a final decision on the remedial action/permit modification for the 
PLOU.  Site-related documents are available for review at the Ridgecrest Branch of the Kern County Library. 

Information Repositories 

Indian Wells Valley Water District Office 
500 West Ridgecrest Boulevard 

Ridgecrest, California 93555 
(760) 375-5087 

Ridgecrest Branch of the Kern County Library  
131 E. Flores Avenue  

Ridgecrest, California  93555 
(760) 375-7666 

 



 

 

MAILING LIST COUPON 
If you would like to be included on the mailing list to receive information about environmental 
restoration activities at NAWS China Lake, please complete this coupon and mail to: Peggy Shoaf, 
Environmental Public Involvement, 1 Administration Circle, Stop 1014, Code N09NS, China Lake, 
California  93555-6100. 

 Add me to the NAWS China Lake Installation Restoration Program (IRP) mailing list. 

 Send me information on Restoration Advisory Board membership. 

Name:    Affiliation (optional):  

Street:     

City:    State:  

Telephone:     

E-Mail Address:        

I would like to receive information regarding the NAWS China Lake IRP via: 

____ Email                   ____ U.S. Mail 

 

 

 

 

 

 

 

 

 

Peggy Shoaf 
Environmental Public Involvement 
1 Administration Circle, Stop 1014, Code N09NS 
China Lake, California  93555-6100 
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PAHs in Soil at Former Kast Property in Carson, CA 
 

PAH UCL (mg/kg) TEF BaP Equiv (mg/kg) 

Benzo[a]anthracene 0.0437 0.1 0.00437 
Benzo[a]pyrene 0.0389 1 0.0389 
Benzo[b]fluoranthene 0.0144 0.1 0.00144 
Benzo[k]fluoranthene 0.00462 0.01 0.0000462 
Chyrsene 0.0928 0.001 0.0000928 
Dibenzo[a,h]anthracene 0.0135 1 0.0135 
Indeno[1,2,3-cd]pyrene 0.00652 0.1 0.000652 

Mean BaP Equivalents at Site 0.059 

USEPA Region 9 RSL for BaP 0.015 
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FieldPointID Depth Date_ 
Sampled MATRIX Compound Result_Q

ual
Result_V

alue Result for ProUCL ND(0), 
D(1) BaP TEF Limit_Detect Limit_ 

Report UNITS

244-311SB 0.5 12/21/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SB 2 12/21/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
244-311SB 2 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SB 5 12/21/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
244-311SB 5 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SB 10 12/21/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
244-311SB 10 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(a)anthracene = 0.032 0.0320 1 0.1 0.0033 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 2 12/21/2009 SO Benzo(a)anthracene ND 0 0.0033 0 0.1 0.0033 0.025 MG/KG
244-311SF 2 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(a)anthracene = 0.036 0.0360 1 0.1 0.0033 0.025 MG/KG
244-311SF 5 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 10 12/21/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
244-311SF 10 12/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SB 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-351SB 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SB 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-351SB 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SF 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-351SF 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SF 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-351SF 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
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FieldPointID Depth Date_ 
Sampled MATRIX Compound Result_Q

ual
Result_V

alue Result for ProUCL ND(0), 
D(1) BaP TEF Limit_Detect Limit_ 

Report UNITS

244-361SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-361SB 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-361SB 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SF 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
244-361SF 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-03A 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
244-SV-05 1 7/30/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
244-SV-05 5 7/30/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
244-SV-05 10 7/30/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05B 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
244-SV-05C 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05D 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05F 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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244-SV-05H 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02A 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)anthracene = 0.041 0.0410 1 0.1 0.0033 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)anthracene = 0.077 0.0770 1 0.1 0.0033 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-345SB 5 9/25/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
249-345SB 5 9/25/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-345SB 10 9/25/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
249-345SB 10 9/25/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(a)anthracene ND 0 0.0033 0 0.1 0.0033 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-345SF 5 9/25/2009 SO Benzo(a)anthracene = 0.15 0.1500 1 0.1 0.0065 0.05 MG/KG
249-345SF 5 9/25/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
249-345SF 10 9/25/2009 SO Benzo(a)anthracene = 0.0071 0.0071 1 0.1 0.0007 0.005 MG/KG
249-345SF 10 9/25/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(a)anthracene = 0.057 0.0570 1 0.1 0.0026 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
249-352SB 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
249-352SB 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SB 10 10/1/2009 SO Benzo(a)anthracene = 0.0072 0.0072 1 0.1 0.0007 0.005 MG/KG
249-352SB 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(a)anthracene = 0.06 0.0600 1 0.1 0.0026 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
249-352SF 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
249-352SF 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SF 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
249-352SF 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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249-412SB 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SB 2 10/2/2009 SO Benzo(a)anthracene = 0.034 0.0340 1 0.1 0.0026 0.02 MG/KG
249-412SB 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-412SB 5 10/2/2009 SO Benzo(a)anthracene = 0.18 0.1800 1 0.1 0.0026 0.02 MG/KG
249-412SB 5 10/2/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
249-412SB 10 10/2/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
249-412SB 10 10/2/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(a)anthracene = 0.051 0.0510 1 0.1 0.0007 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-412SF 2 10/2/2009 SO Benzo(a)anthracene = 0.05 0.0500 1 0.1 0.0026 0.02 MG/KG
249-412SF 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-412SF 5 10/2/2009 SO Benzo(a)anthracene = 0.15 0.1500 1 0.1 0.0007 0.005 MG/KG
249-412SF 5 10/2/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SF 10 10/2/2009 SO Benzo(a)anthracene = 0.008 0.0080 1 0.1 0.0007 0.005 MG/KG
249-412SF 10 10/2/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-1 2 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-1 5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-1 10 6/10/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-10 2 6/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-10 5 6/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-10 10 6/12/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-2 2 6/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-2 5 6/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-2 10 6/10/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-3 2 6/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-3 5 6/9/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-3 10 6/12/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-4 1.5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-4 5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-4 10 6/10/2009 SO Benzo(a)anthracene ND 0 2.2000 0 0.1 2.2 10 MG/KG
DP-5 2 6/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-5 5 6/9/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-5 10 6/11/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-6 3 6/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-6 5 6/9/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-6 10 6/12/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-7 5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-7 10 6/10/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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DP-8 1.5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-8 5 6/8/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
DP-9 2 6/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-9 5 6/9/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-9 10 6/11/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0013 0 0.1 0.0013 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(a)anthracene = 0.023 0.0230 1 0.1 0.0007 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0065 0 0.1 0.0065 0.05 MG/KG
M24412SF 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1300 0 0.1 0.13 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.1300 0 0.1 0.13 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(a)anthracene = 0.028 0.0280 1 0.1 0.0026 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(a)anthracene = 0.093 0.0930 1 0.1 0.0026 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)anthracene = 0.031 0.0310 1 0.1 0.0026 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)anthracene = 0.055 0.0550 1 0.1 0.0026 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SB 2 9/15/2009 SO Benzo(a)anthracene = 0.1 0.1000 1 0.1 0.013 0.1 MG/KG
M24433SB 2 9/15/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
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M24433SB 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24433SB 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SB 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24433SB 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SF 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24433SF 5 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SF 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24433SF 10 9/15/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24506SB (3rd) 8 04/05/2010 15:15Soil Benzo(a)anthracene ND 0 400.0000 0 0.1 400 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Benzo(a)anthracene ND 0 400.0000 0 0.1 400 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24517SF 2 10/5/2009 SO Benzo(a)anthracene = 0.052 0.0520 1 0.1 0.0007 0.005 MG/KG
M24517SF 2 10/5/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24517SF 5 10/5/2009 SO Benzo(a)anthracene = 0.21 0.2100 1 0.1 0.0026 0.02 MG/KG
M24517SF 5 10/5/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24517SF 10 10/5/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24517SF 10 10/5/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24532SB 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24532SB 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(a)anthracene ND 0 0.0650 0 0.1 0.065 0.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(a)anthracene ND 0 2.2000 0 0.1 2.2 10 MG/KG
M24532SB 10 10/2/2009 SO Benzo(a)anthracene ND 0 0.2600 0 0.1 0.26 2 MG/KG
M24532SB 10 10/2/2009 SO Benzo(a)anthracene ND 0 2.2000 0 0.1 2.2 10 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(a)anthracene = 0.03 0.0300 1 0.1 0.0026 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24532SF 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24532SF 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24532SF 5 10/2/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
M24532SF 5 10/2/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24532SF 10 10/2/2009 SO Benzo(a)anthracene ND 0 0.0520 0 0.1 0.052 0.4 MG/KG
M24532SF 10 10/2/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)anthracene = 0.01 0.0100 1 0.1 0.0007 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)anthracene = 0.01 0.0100 1 0.1 0.0007 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)anthracene = 0.01 0.0100 1 0.1 0.0007 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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M24603SB 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(a)anthracene = 0.012 0.0120 1 0.1 0.0007 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)anthracene = 0.017 0.0170 1 0.1 0.0013 0.01 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)anthracene = 0.012 0.0120 1 0.1 0.0013 0.01 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB 5 9/23/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 5 9/23/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 9/23/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB 10 9/23/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(a)anthracene = 0.01 0.0100 1 0.1 0.0007 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(a)anthracene = 0.01 0.0100 1 0.1 0.0007 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(a)anthracene = 0.017 0.0170 1 0.1 0.0013 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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M24603SB3 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(a)anthracene = 0.01 0.0100 1 0.1 0.0007 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(a)anthracene = 0.012 0.0120 1 0.1 0.0013 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)anthracene = 0.009 0.0090 1 0.1 0.0007 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)anthracene = 0.011 0.0110 1 0.1 0.0013 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(a)anthracene ND 0 0.0033 0 0.1 0.0033 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)anthracene = 0.0053 0.0053 1 0.1 0.0007 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0065 0 0.1 0.0065 0.05 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24603SF 5 9/23/2009 SO Benzo(a)anthracene = 1.3 1.3000 1 0.1 0.052 0.4 MG/KG
M24603SF 5 9/23/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 10 9/23/2009 SO Benzo(a)anthracene = 0.0073 0.0073 1 0.1 0.0007 0.005 MG/KG
M24603SF 10 9/23/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(a)anthracene = 0.011 0.0110 1 0.1 0.0013 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(a)anthracene = 0.0053 0.0053 1 0.1 0.0007 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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M24603SF3 0.5 1/15/2010 SO Benzo(a)anthracene = 0.009 0.0090 1 0.1 0.0007 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(a)anthracene ND 0 0.0065 0 0.1 0.0065 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
MA-SV-04 5 8/4/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
MA-SV-04 10 8/4/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-08A 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Benzo(a)anthracene ND 0 0.4400 0 0.1 0.44 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-11 10 8/3/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MW-03 7/28/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MW-05 10 7/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MW-06 10 7/27/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24422SB 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24422SB 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24422SB 10 9/17/2009 SO Benzo(a)anthracene = 0.052 0.0520 1 0.1 0.0026 0.02 MG/KG
N24422SB 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(a)anthracene = 0.031 0.0310 1 0.1 0.0026 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
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N24422SF 5 9/17/2009 SO Benzo(a)anthracene = 0.038 0.0380 1 0.1 0.0026 0.02 MG/KG
N24422SF 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24422SF 10 9/17/2009 SO Benzo(a)anthracene = 0.093 0.0930 1 0.1 0.0026 0.02 MG/KG
N24422SF 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24426SB 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24426SB 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24426SB 10 9/16/2009 SO Benzo(a)anthracene = 0.029 0.0290 1 0.1 0.0026 0.02 MG/KG
N24426SB 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(a)anthracene = 0.025 0.0250 1 0.1 0.0026 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24426SF 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24426SF 5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24426SF 10 9/16/2009 SO Benzo(a)anthracene = 0.14 0.1400 1 0.1 0.013 0.1 MG/KG
N24426SF 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(a)anthracene ND 0 0.0033 0 0.1 0.0033 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SB 5 9/22/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24502SB 5 9/22/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SB 10 9/22/2009 SO Benzo(a)anthracene = 0.075 0.0750 1 0.1 0.0033 0.025 MG/KG
N24502SB 10 9/22/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24502SF 5 9/22/2009 SO Benzo(a)anthracene = 0.011 0.0110 1 0.1 0.0007 0.005 MG/KG
N24502SF 5 9/22/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SF 10 9/22/2009 SO Benzo(a)anthracene = 0.016 0.0160 1 0.1 0.0007 0.005 MG/KG
N24502SF 10 9/22/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(a)anthracene = 0.011 0.0110 1 0.1 0.0033 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SB 2 3/29/2010 SO Benzo(a)anthracene = 0.056 0.0560 1 0.1 0.0033 0.025 MG/KG
N24523SB 2 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SB 5 3/29/2010 SO Benzo(a)anthracene = 0.17 0.1700 1 0.1 0.033 0.25 MG/KG
N24523SB 5 3/29/2010 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24523SB 10 3/29/2010 SO Benzo(a)anthracene = 0.02 0.0200 1 0.1 0.0033 0.025 MG/KG
N24523SB 10 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(a)anthracene = 0.0026 0.0026 1 0.1 0.0007 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 2 3/29/2010 SO Benzo(a)anthracene = 0.029 0.0290 1 0.1 0.0033 0.025 MG/KG
N24523SF 2 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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N24523SF 3.6 03/29/2010 09:11Soil Benzo(a)anthracene ND 0 40.0000 0 0.1 40 600 ug/kg
N24523SF 5 3/29/2010 SO Benzo(a)anthracene = 0.007 0.0070 1 0.1 0.0033 0.025 MG/KG
N24523SF 5 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 10 3/29/2010 SO Benzo(a)anthracene = 0.093 0.0930 1 0.1 0.013 0.1 MG/KG
N24523SF 10 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(a)anthracene = 0.025 0.0250 1 0.1 0.0026 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(a)anthracene = 0.072 0.0720 1 0.1 0.0026 0.02 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(a)anthracene = 0.034 0.0340 1 0.1 0.0026 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(a)anthracene = 0.59 0.5900 1 0.1 0.013 0.1 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(a)anthracene = 0.18 0.1800 1 0.1 0.013 0.1 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(a)anthracene = 0.51 0.5100 1 0.1 0.013 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Benzo(a)anthracene ND 0 400.0000 0 0.1 400 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SB 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24725SB 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SB 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24725SB 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SF 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24725SF 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SF 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24725SF 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
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N24729SB 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24729SB 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SB 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24729SB 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(a)anthracene = 0.064 0.0640 1 0.1 0.0026 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24729SF 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24729SF 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SF 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24729SF 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24738SB 5 9/21/2009 SO Benzo(a)anthracene = 0.032 0.0320 1 0.1 0.0026 0.02 MG/KG
N24738SB 5 9/21/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(a)anthracene = 0.83 0.8300 1 0.1 0.065 0.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)anthracene = 0.13 0.1300 1 0.1 0.013 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24738SF 5 9/21/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24738SF 5 9/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24738SF 10 9/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
N24738SF 10 9/21/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)anthracene = 0.038 0.0380 1 0.1 0.0026 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24815SF 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24815SF 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24815SF 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24815SF 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(a)anthracene = 0.027 0.0270 1 0.1 0.0026 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24825SB 5 9/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24825SB 5 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SB 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24825SB 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
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N24825SF 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24825SF 5 9/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24825SF 5 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SF 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24825SF 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SB 5 9/29/2009 SO Benzo(a)anthracene = 0.026 0.0260 1 0.1 0.0026 0.02 MG/KG
N24912SB 5 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SB 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24912SB 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(a)anthracene = 0.011 0.0110 1 0.1 0.0007 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SF 5 9/29/2009 SO Benzo(a)anthracene = 0.012 0.0120 1 0.1 0.0007 0.005 MG/KG
N24912SF 5 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SF 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
N24912SF 10 9/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(a)anthracene = 0.11 0.1100 1 0.1 0.013 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24406SB 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
P24406SB 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SB 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
P24406SB 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24406SF 5 9/16/2009 SO Benzo(a)anthracene = 0.024 0.0240 1 0.1 0.0026 0.02 MG/KG
P24406SF 5 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SF 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
P24406SF 10 9/16/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(a)anthracene = 0.012 0.0120 1 0.1 0.0007 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24430SF 5 9/30/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24430SF 5 9/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24430SF 10 9/30/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24430SF 10 9/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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P24502SB 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SB 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SB 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SB 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SF 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24502SF 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(a)anthracene = 0.0062 0.0062 1 0.1 0.0007 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SB 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24518SB 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SB 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24518SB 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(a)anthracene = 0.25 0.2500 1 0.1 0.013 0.1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24518SF 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24518SF 10 9/24/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(a)anthracene = 0.12 0.1200 1 0.1 0.013 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24709SB 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
P24709SB 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24709SB 4 10/2/2009 SO Benzo(a)anthracene = 1.6 1.6000 1 0.1 0.065 0.5 MG/KG
P24709SB 4 10/2/2009 SO Benzo(a)anthracene ND 0 2.2000 0 0.1 2.2 10 MG/KG
P24709SB 5 10/2/2009 SO Benzo(a)anthracene = 0.48 0.4800 1 0.1 0.013 0.1 MG/KG
P24709SB 5 10/2/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24709SB 7 10/2/2009 SO Benzo(a)anthracene = 3.1 3.1000 1 0.1 0.065 0.5 MG/KG
P24709SB 7 10/2/2009 SO Benzo(a)anthracene ND 0 5.5000 0 0.1 5.5 25 MG/KG
P24709SB 10 10/2/2009 SO Benzo(a)anthracene = 1.9 1.9000 1 0.1 0.065 0.5 MG/KG
P24709SB 10 10/2/2009 SO Benzo(a)anthracene ND 0 2.2000 0 0.1 2.2 10 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(a)anthracene = 0.24 0.2400 1 0.1 0.013 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
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P24709SF 2 10/2/2009 SO Benzo(a)anthracene = 0.024 0.0240 1 0.1 0.0026 0.02 MG/KG
P24709SF 2 10/2/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24709SF 5 10/2/2009 SO Benzo(a)anthracene = 0.51 0.5100 1 0.1 0.026 0.2 MG/KG
P24709SF 5 10/2/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24709SF 10 10/2/2009 SO Benzo(a)anthracene = 0.51 0.5100 1 0.1 0.013 0.1 MG/KG
P24709SF 10 10/2/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(a)anthracene = 0.09 0.0900 1 0.1 0.0026 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24739SB 2 10/9/2009 SO Benzo(a)anthracene = 0.032 0.0320 1 0.1 0.0007 0.005 MG/KG
P24739SB 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SB 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24739SB 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24739SB 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24739SB 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 2 10/9/2009 SO Benzo(a)anthracene = 0.027 0.0270 1 0.1 0.0007 0.005 MG/KG
P24739SF 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24739SF 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24739SF 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(a)anthracene = 0.05 0.0500 1 0.1 0.0026 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.032 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
P24809SB 2 10/13/2009 SO Benzo(a)anthracene = 0.0094 0.0094 1 0.1 0.0007 0.005 MG/KG
P24809SB 2 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.034 MG/KG
P24809SB 2 10/13/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24809SB 5 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.033 MG/KG
P24809SB 5 10/13/2009 SO Benzo(a)anthracene ND 0 0.0520 0 0.1 0.052 0.4 MG/KG
P24809SB 5 10/13/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
P24809SB 10 10/13/2009 SO Benzo(a)anthracene = 0.36 0.3600 1 0.1 0.026 0.2 MG/KG
P24809SB 10 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.14 MG/KG
P24809SB 10 10/13/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.032 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24809SF 2 10/13/2009 SO Benzo(a)anthracene = 0.061 0.0610 1 0.1 0.0026 0.02 MG/KG
P24809SF 2 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.033 MG/KG
P24809SF 2 10/13/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
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P24809SF 5 10/13/2009 SO Benzo(a)anthracene = 0.46 0.4600 1 0.1 0.025 0.17 MG/KG
P24809SF 5 10/13/2009 SO Benzo(a)anthracene ND 0 0.1300 0 0.1 0.13 1 MG/KG
P24809SF 5 10/13/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
P24809SF 10 10/13/2009 SO Benzo(a)anthracene ND 0 0.0065 0 0.1 0.0065 0.05 MG/KG
P24809SF 10 10/13/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.13 MG/KG
P24809SF 10 10/13/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(a)anthracene = 0.017 0.0170 1 0.1 0.0013 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SB 2 1/4/2010 SO Benzo(a)anthracene ND 0 0.0033 0 0.1 0.0033 0.025 MG/KG
P24823SB 2 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24823SB 5 1/4/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
P24823SB 5 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SB 10 1/4/2010 SO Benzo(a)anthracene = 0.089 0.0890 1 0.1 0.0033 0.025 MG/KG
P24823SB 10 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(a)anthracene = 0.017 0.0170 1 0.1 0.0007 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(a)anthracene ND 0 0.0330 0 0.1 0.033 0.25 MG/KG
P24823SF 2 1/4/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24823SF 5 1/4/2010 SO Benzo(a)anthracene = 0.06 0.0600 1 0.1 0.0033 0.025 MG/KG
P24823SF 5 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(a)anthracene = 0.11 0.1100 1 0.1 0.013 0.1 MG/KG
P24823SF 10 1/4/2010 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24838SB 5 9/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24838SB 5 9/21/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24838SB 10 9/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24838SB 10 9/21/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24838SF 5 9/21/2009 SO Benzo(a)anthracene = 0.52 0.5200 1 0.1 0.0026 0.02 MG/KG
P24838SF 5 9/21/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
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P24838SF 10 9/21/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
P24838SF 10 9/21/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1300 0 0.1 0.13 1 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24402SB 2 10/1/2009 SO Benzo(a)anthracene ND 0 0.0520 0 0.1 0.052 0.4 MG/KG
R24402SB 2 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24402SB 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24402SB 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SB 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24402SB 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(a)anthracene = 0.078 0.0780 1 0.1 0.0026 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24402SF 1 10/1/2009 SO Benzo(a)anthracene ND 0 0.0520 0 0.1 0.052 0.4 MG/KG
R24402SF 1 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24402SF 2 10/1/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24402SF 2 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SF 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24402SF 5 10/1/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SF 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.1300 0 0.1 0.13 1 MG/KG
R24402SF 10 10/1/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(a)anthracene = 0.042 0.0420 1 0.1 0.0026 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24416SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
R24416SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24416SB 10 9/18/2009 SO Benzo(a)anthracene = 0.024 0.0240 1 0.1 0.0026 0.02 MG/KG
R24416SB 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24416SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24416SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24416SF 10 9/18/2009 SO Benzo(a)anthracene = 0.35 0.3500 1 0.1 0.013 0.1 MG/KG
R24416SF 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24419SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24419SB 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24419SB 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24419SB 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
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R24419SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
R24419SF 5 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24419SF 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
R24419SF 10 9/18/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(a)anthracene = 0.0054 0.0054 1 0.1 0.0007 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24423SB 5 9/23/2009 SO Benzo(a)anthracene = 0.081 0.0810 1 0.1 0.0065 0.05 MG/KG
R24423SB 5 9/23/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24423SB 10 9/23/2009 SO Benzo(a)anthracene = 0.061 0.0610 1 0.1 0.0065 0.05 MG/KG
R24423SB 10 9/23/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(a)anthracene ND 0 0.1300 0 0.1 0.13 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(a)anthracene = 0.096 0.0960 1 0.1 0.0065 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(a)anthracene = 0.054 0.0540 1 0.1 0.0026 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(a)anthracene ND 0 0.4400 0 0.1 0.44 2 MG/KG
R24523SF 2 11/7/2009 SO Benzo(a)anthracene = 0.029 0.0290 1 0.1 0.0026 0.02 MG/KG
R24523SF 2 11/7/2009 SO Benzo(a)anthracene ND 0 0.4400 0 0.1 0.44 2 MG/KG
R24523SF 5 11/7/2009 SO Benzo(a)anthracene = 0.11 0.1100 1 0.1 0.0052 0.04 MG/KG
R24523SF 5 11/7/2009 SO Benzo(a)anthracene ND 0 0.4400 0 0.1 0.44 2 MG/KG
R24523SF 10 11/7/2009 SO Benzo(a)anthracene = 0.081 0.0810 1 0.1 0.0026 0.02 MG/KG
R24523SF 10 11/7/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24603SB 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24603SB 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SB 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24603SB 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SF 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24603SF 5 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SF 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24603SF 10 9/17/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Benzo(a)anthracene ND 0 40.0000 0 0.1 40 600 ug/kg
R24613SB 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0065 0 0.1 0.0065 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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R24613SB 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0065 0 0.1 0.0065 0.05 MG/KG
R24613SB 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
R24613SB 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24613SB 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SB 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24613SB 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24613SF 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24613SF 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24613SF 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.035 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.14 MG/KG
R24700SB 2 10/9/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24700SB 5 10/9/2009 SO Benzo(a)anthracene = 0.047 0.0470 1 0.1 0.0026 0.02 MG/KG
R24700SB 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.13 MG/KG
R24700SB 5 10/9/2009 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24700SB 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24700SB 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.034 MG/KG
R24700SB 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(a)anthracene = 0 0.0250 0 0.1 0.025 0.14 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(a)anthracene = 0.26 0.2600 1 0.1 0.026 0.2 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(a)anthracene ND 0 2.2000 0 0.1 2.2 10 MG/KG
R24700SF 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24700SF 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.13 MG/KG
R24700SF 2 10/9/2009 SO Benzo(a)anthracene ND 0 0.5500 0 0.1 0.55 2.5 MG/KG
R24700SF 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
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R24700SF 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.13 MG/KG
R24700SF 5 10/9/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24700SF 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.0026 0 0.1 0.0026 0.02 MG/KG
R24700SF 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.0250 0 0.1 0.025 0.034 MG/KG
R24700SF 10 10/9/2009 SO Benzo(a)anthracene ND 0 0.2200 0 0.1 0.22 1 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(a)anthracene = 0.0065 0.0065 1 0.1 0.0007 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SB 2 12/30/2009 SO Benzo(a)anthracene = 0.064 0.0640 1 0.1 0.0033 0.025 MG/KG
R24712SB 2 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SB 2 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(a)anthracene ND 0 0.0033 0 0.1 0.0033 0.025 MG/KG
R24712SB 5 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SB 10 12/30/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24712SB 10 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24712SB 10 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(a)anthracene = 0.0065 0.0065 1 0.1 0.0007 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 2 12/30/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24712SF 2 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SF 2 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(a)anthracene = 0.018 0.0180 1 0.1 0.0013 0.01 MG/KG
R24712SF 5 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 10 12/30/2009 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24712SF 10 12/30/2009 SO Benzo(a)anthracene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24712SF 10 12/30/2009 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(a)anthracene = 0.032 0.0320 1 0.1 0.0033 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(a)anthracene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24733SB 2 3/29/2010 SO Benzo(a)anthracene = 0.012 0.0120 1 0.1 0.0007 0.005 MG/KG
R24733SB 2 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SB 5 3/29/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24733SB 5 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SB 10 3/29/2010 SO Benzo(a)anthracene = 0.0015 0.0015 1 0.1 0.0007 0.005 MG/KG
R24733SB 10 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(a)anthracene = 0.0055 0.0055 1 0.1 0.0033 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 2 3/29/2010 SO Benzo(a)anthracene = 0.0043 0.0043 1 0.1 0.0007 0.005 MG/KG
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R24733SF 2 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 5 3/29/2010 SO Benzo(a)anthracene = 0.0026 0.0026 1 0.1 0.0007 0.005 MG/KG
R24733SF 5 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 10 3/29/2010 SO Benzo(a)anthracene ND 0 0.0007 0 0.1 0.0007 0.005 MG/KG
R24733SF 10 3/29/2010 SO Benzo(a)anthracene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Benzo(a)anthracene ND 0 800.0000 0 0.1 800 12000 ug/kg
244-311SB 0.5 12/21/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SB 2 12/21/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
244-311SB 2 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SB 5 12/21/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
244-311SB 5 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SB 10 12/21/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
244-311SB 10 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(a)pyrene = 0.12 0.1200 1 1 0.0025 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SF 2 12/21/2009 SO Benzo(a)pyrene ND 0 0.0025 0 1 0.0025 0.025 MG/KG
244-311SF 2 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(a)pyrene = 0.056 0.0560 1 1 0.0025 0.025 MG/KG
244-311SF 5 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-311SF 10 12/21/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
244-311SF 10 12/21/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-351SB 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-351SB 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-351SB 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-351SB 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-351SF 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-351SF 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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244-351SF 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-351SF 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(a)pyrene = 0.029 0.0290 1 1 0.002 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)pyrene = 0.042 0.0420 1 1 0.002 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-361SB 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-361SB 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-361SF 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
244-361SF 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-03A 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
244-SV-05 1 7/30/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
244-SV-05 5 7/30/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
244-SV-05 10 7/30/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05B 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
244-SV-05C 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05D 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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244-SV-05F 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
247-SV-02A 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)pyrene = 0.038 0.0380 1 1 0.0025 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)pyrene = 0.068 0.0680 1 1 0.0025 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
249-345SB 5 9/25/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-345SB 5 9/25/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-345SB 10 9/25/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-345SB 10 9/25/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(a)pyrene ND 0 0.0025 0 1 0.0025 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
249-345SF 5 9/25/2009 SO Benzo(a)pyrene = 0.078 0.0780 1 1 0.0049 0.05 MG/KG
249-345SF 5 9/25/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
249-345SF 10 9/25/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-345SF 10 9/25/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(a)pyrene = 0.044 0.0440 1 1 0.002 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
249-352SB 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-352SB 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-352SB 10 10/1/2009 SO Benzo(a)pyrene = 0.0064 0.0064 1 1 0.0005 0.005 MG/KG
249-352SB 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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249-352SF 0.5 10/1/2009 SO Benzo(a)pyrene = 0.064 0.0640 1 1 0.002 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
249-352SF 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
249-352SF 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-352SF 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-352SF 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-412SB 2 10/2/2009 SO Benzo(a)pyrene = 0.024 0.0240 1 1 0.002 0.02 MG/KG
249-412SB 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
249-412SB 5 10/2/2009 SO Benzo(a)pyrene = 0.19 0.1900 1 1 0.002 0.02 MG/KG
249-412SB 5 10/2/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
249-412SB 10 10/2/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
249-412SB 10 10/2/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(a)pyrene = 0.046 0.0460 1 1 0.0005 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
249-412SF 2 10/2/2009 SO Benzo(a)pyrene = 0.047 0.0470 1 1 0.002 0.02 MG/KG
249-412SF 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
249-412SF 5 10/2/2009 SO Benzo(a)pyrene = 0.12 0.1200 1 1 0.0005 0.005 MG/KG
249-412SF 5 10/2/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
249-412SF 10 10/2/2009 SO Benzo(a)pyrene = 0.0073 0.0073 1 1 0.0005 0.005 MG/KG
249-412SF 10 10/2/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
DP-1 2 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-1 5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-1 10 6/10/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
DP-10 2 6/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
DP-10 5 6/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-10 10 6/12/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-2 2 6/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-2 5 6/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-2 10 6/10/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-3 2 6/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-3 5 6/9/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-3 10 6/12/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-4 1.5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-4 5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-4 10 6/10/2009 SO Benzo(a)pyrene ND 0 2.3000 0 1 2.3 10 MG/KG
DP-5 2 6/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-5 5 6/9/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-5 10 6/11/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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DP-6 3 6/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-6 5 6/9/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-6 10 6/12/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-7 5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-7 10 6/10/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
DP-8 1.5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-8 5 6/8/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
DP-9 2 6/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
DP-9 5 6/9/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
DP-9 10 6/11/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(a)pyrene = 0.01 0.0100 1 1 0.0005 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(a)pyrene = 0.057 0.0570 1 1 0.002 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(a)pyrene = 0.026 0.0260 1 1 0.001 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(a)pyrene = 0.026 0.0260 1 1 0.0005 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(a)pyrene = 0.1 0.1000 1 1 0.0049 0.05 MG/KG
M24412SF 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0990 0 1 0.099 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.0990 0 1 0.099 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(a)pyrene = 0.053 0.0530 1 1 0.002 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(a)pyrene = 0.18 0.1800 1 1 0.002 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)pyrene = 0.026 0.0260 1 1 0.002 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)pyrene = 0.056 0.0560 1 1 0.002 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
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M24426SF (First) 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24433SB 2 9/15/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
M24433SB 2 9/15/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
M24433SB 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24433SB 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24433SB 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24433SB 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24433SF 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24433SF 5 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24433SF 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24433SF 10 9/15/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24506SB (3rd) 8 04/05/2010 15:15Soil Benzo(a)pyrene ND 0 400.0000 0 1 400 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Benzo(a)pyrene ND 0 400.0000 0 1 400 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24517SF 2 10/5/2009 SO Benzo(a)pyrene = 0.049 0.0490 1 1 0.0005 0.005 MG/KG
M24517SF 2 10/5/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24517SF 5 10/5/2009 SO Benzo(a)pyrene = 0.14 0.1400 1 1 0.002 0.02 MG/KG
M24517SF 5 10/5/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
M24517SF 10 10/5/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24517SF 10 10/5/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24532SB 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24532SB 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(a)pyrene ND 0 0.0490 0 1 0.049 0.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(a)pyrene ND 0 2.3000 0 1 2.3 10 MG/KG
M24532SB 10 10/2/2009 SO Benzo(a)pyrene ND 0 0.2000 0 1 0.2 2 MG/KG
M24532SB 10 10/2/2009 SO Benzo(a)pyrene ND 0 2.3000 0 1 2.3 10 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(a)pyrene = 0.036 0.0360 1 1 0.002 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24532SF 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24532SF 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24532SF 5 10/2/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
M24532SF 5 10/2/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
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M24532SF 10 10/2/2009 SO Benzo(a)pyrene ND 0 0.0390 0 1 0.039 0.4 MG/KG
M24532SF 10 10/2/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)pyrene = 0.01 0.0100 1 1 0.0005 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)pyrene = 0.011 0.0110 1 1 0.0005 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)pyrene = 0.019 0.0190 1 1 0.0005 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(a)pyrene = 0.015 0.0150 1 1 0.0005 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)pyrene = 0.014 0.0140 1 1 0.001 0.01 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)pyrene = 0.013 0.0130 1 1 0.001 0.01 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24603SB 5 9/23/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 5 9/23/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB 10 9/23/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB 10 9/23/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(a)pyrene = 0.019 0.0190 1 1 0.0005 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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M24603SB3 0.5 1/15/2010 SO Benzo(a)pyrene = 0.011 0.0110 1 1 0.0005 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(a)pyrene = 0.014 0.0140 1 1 0.001 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(a)pyrene = 0.01 0.0100 1 1 0.0005 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(a)pyrene = 0.013 0.0130 1 1 0.001 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)pyrene = 0.0098 0.0098 1 1 0.0005 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)pyrene = 0.01 0.0100 1 1 0.001 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(a)pyrene ND 0 0.0025 0 1 0.0025 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)pyrene = 0.0058 0.0058 1 1 0.0005 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)pyrene = 0.17 0.1700 1 1 0.0049 0.05 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
M24603SF 5 9/23/2009 SO Benzo(a)pyrene = 0.58 0.5800 1 1 0.039 0.4 MG/KG
M24603SF 5 9/23/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF 10 9/23/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF 10 9/23/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(a)pyrene = 0.01 0.0100 1 1 0.001 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
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M24603SF2 2 1/15/2010 SO Benzo(a)pyrene = 0.0058 0.0058 1 1 0.0005 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(a)pyrene = 0.0098 0.0098 1 1 0.0005 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(a)pyrene = 0.17 0.1700 1 1 0.0049 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
MA-SV-04 5 8/4/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
MA-SV-04 10 8/4/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-08A 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Benzo(a)pyrene ND 0 0.4600 0 1 0.46 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MA-SV-11 10 8/3/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MW-03 7/28/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MW-05 10 7/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
MW-06 10 7/27/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
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N24422SB 5 9/17/2009 SO Benzo(a)pyrene = 0.14 0.1400 1 1 0.002 0.02 MG/KG
N24422SB 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24422SB 10 9/17/2009 SO Benzo(a)pyrene = 0.04 0.0400 1 1 0.002 0.02 MG/KG
N24422SB 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(a)pyrene = 0.04 0.0400 1 1 0.002 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24422SF 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24422SF 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24422SF 10 9/17/2009 SO Benzo(a)pyrene = 0.047 0.0470 1 1 0.002 0.02 MG/KG
N24422SF 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24426SB 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24426SB 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24426SB 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24426SB 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(a)pyrene = 0.025 0.0250 1 1 0.002 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24426SF 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24426SF 5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24426SF 10 9/16/2009 SO Benzo(a)pyrene = 0.12 0.1200 1 1 0.0099 0.1 MG/KG
N24426SF 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(a)pyrene ND 0 0.0025 0 1 0.0025 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24502SB 5 9/22/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24502SB 5 9/22/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24502SB 10 9/22/2009 SO Benzo(a)pyrene = 0.048 0.0480 1 1 0.0025 0.025 MG/KG
N24502SB 10 9/22/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(a)pyrene = 0.031 0.0310 1 1 0.002 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24502SF 5 9/22/2009 SO Benzo(a)pyrene = 0.0089 0.0089 1 1 0.0005 0.005 MG/KG
N24502SF 5 9/22/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24502SF 10 9/22/2009 SO Benzo(a)pyrene = 0.013 0.0130 1 1 0.0005 0.005 MG/KG
N24502SF 10 9/22/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(a)pyrene = 0.013 0.0130 1 1 0.0025 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24523SB 2 3/29/2010 SO Benzo(a)pyrene = 0.037 0.0370 1 1 0.0025 0.025 MG/KG
N24523SB 2 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24523SB 5 3/29/2010 SO Benzo(a)pyrene = 0.11 0.1100 1 1 0.025 0.25 MG/KG
N24523SB 5 3/29/2010 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
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N24523SB 10 3/29/2010 SO Benzo(a)pyrene = 0.0084 0.0084 1 1 0.0025 0.025 MG/KG
N24523SB 10 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(a)pyrene = 0.0039 0.0039 1 1 0.0005 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24523SF 2 3/29/2010 SO Benzo(a)pyrene = 0.019 0.0190 1 1 0.0025 0.025 MG/KG
N24523SF 2 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24523SF 3.6 03/29/2010 09:11Soil Benzo(a)pyrene ND 0 40.0000 0 1 40 600 ug/kg
N24523SF 5 3/29/2010 SO Benzo(a)pyrene = 0.0062 0.0062 1 1 0.0025 0.025 MG/KG
N24523SF 5 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24523SF 10 3/29/2010 SO Benzo(a)pyrene = 0.044 0.0440 1 1 0.0099 0.1 MG/KG
N24523SF 10 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(a)pyrene = 0.038 0.0380 1 1 0.002 0.02 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(a)pyrene = 0.35 0.3500 1 1 0.0099 0.1 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(a)pyrene = 0.31 0.3100 1 1 0.0099 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Benzo(a)pyrene ND 0 400.0000 0 1 400 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24725SB 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24725SB 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24725SB 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24725SB 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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N24725SF 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24725SF 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24725SF 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24725SF 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24729SB 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24729SB 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24729SB 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24729SB 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(a)pyrene = 0.072 0.0720 1 1 0.002 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24729SF 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24729SF 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24729SF 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24729SF 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24738SB 5 9/21/2009 SO Benzo(a)pyrene = 0.021 0.0210 1 1 0.002 0.02 MG/KG
N24738SB 5 9/21/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.0490 0 1 0.049 0.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)pyrene = 0.12 0.1200 1 1 0.0099 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)pyrene = 0.15 0.1500 1 1 0.0099 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24738SF 5 9/21/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24738SF 5 9/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24738SF 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
N24738SF 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)pyrene = 0.06 0.0600 1 1 0.002 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24815SF 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24815SF 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24815SF 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24815SF 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(a)pyrene = 0.032 0.0320 1 1 0.002 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
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N24825SB 5 9/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24825SB 5 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24825SB 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24825SB 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)pyrene = 0.02 0.0200 1 1 0.002 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)pyrene = 0.12 0.1200 1 1 0.0099 0.1 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
N24825SF 5 9/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24825SF 5 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24825SF 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24825SF 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24912SB 5 9/29/2009 SO Benzo(a)pyrene = 0.027 0.0270 1 1 0.002 0.02 MG/KG
N24912SB 5 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24912SB 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24912SB 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(a)pyrene = 0.0065 0.0065 1 1 0.0005 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24912SF 5 9/29/2009 SO Benzo(a)pyrene = 0.0062 0.0062 1 1 0.0005 0.005 MG/KG
N24912SF 5 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
N24912SF 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
N24912SF 10 9/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24406SB 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24406SB 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24406SB 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24406SB 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24406SF 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24406SF 5 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24406SF 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24406SF 10 9/16/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(a)pyrene = 0.01 0.0100 1 1 0.0005 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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P24430SF 5 9/30/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24430SF 5 9/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24430SF 10 9/30/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24430SF 10 9/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SB 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SB 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SB 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SB 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SF 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SF 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24502SF 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24502SF 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(a)pyrene = 0.006 0.0060 1 1 0.0005 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24518SB 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24518SB 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24518SB 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24518SB 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(a)pyrene = 0.18 0.1800 1 1 0.0099 0.1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24518SF 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24518SF 10 9/24/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(a)pyrene = 0.16 0.1600 1 1 0.0099 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24709SB 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24709SB 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24709SB 4 10/2/2009 SO Benzo(a)pyrene = 1.8 1.8000 1 1 0.049 0.5 MG/KG
P24709SB 4 10/2/2009 SO Benzo(a)pyrene ND 0 2.3000 0 1 2.3 10 MG/KG
P24709SB 5 10/2/2009 SO Benzo(a)pyrene = 0.2 0.2000 1 1 0.0099 0.1 MG/KG
P24709SB 5 10/2/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
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P24709SB 7 10/2/2009 SO Benzo(a)pyrene = 2.9 2.9000 1 1 0.049 0.5 MG/KG
P24709SB 7 10/2/2009 SO Benzo(a)pyrene ND 0 5.8000 0 1 5.8 25 MG/KG
P24709SB 10 10/2/2009 SO Benzo(a)pyrene = 1.5 1.5000 1 1 0.049 0.5 MG/KG
P24709SB 10 10/2/2009 SO Benzo(a)pyrene ND 0 2.3000 0 1 2.3 10 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(a)pyrene = 0.22 0.2200 1 1 0.0099 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24709SF 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24709SF 2 10/2/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24709SF 5 10/2/2009 SO Benzo(a)pyrene = 0.31 0.3100 1 1 0.02 0.2 MG/KG
P24709SF 5 10/2/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24709SF 10 10/2/2009 SO Benzo(a)pyrene = 0.57 0.5700 1 1 0.0099 0.1 MG/KG
P24709SF 10 10/2/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(a)pyrene = 0.04 0.0400 1 1 0.002 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24739SB 2 10/9/2009 SO Benzo(a)pyrene = 0.022 0.0220 1 1 0.0005 0.005 MG/KG
P24739SB 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24739SB 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24739SB 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24739SB 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24739SB 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24739SF 2 10/9/2009 SO Benzo(a)pyrene = 0.017 0.0170 1 1 0.0005 0.005 MG/KG
P24739SF 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24739SF 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24739SF 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24739SF 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24739SF 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(a)pyrene = 0.045 0.0450 1 1 0.002 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.032 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
P24809SB 2 10/13/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24809SB 2 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.034 MG/KG
P24809SB 2 10/13/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24809SB 5 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.033 MG/KG
P24809SB 5 10/13/2009 SO Benzo(a)pyrene ND 0 0.0390 0 1 0.039 0.4 MG/KG
P24809SB 5 10/13/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
P24809SB 10 10/13/2009 SO Benzo(a)pyrene = 0.38 0.3800 1 1 0.02 0.2 MG/KG
P24809SB 10 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.14 MG/KG
P24809SB 10 10/13/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
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P24809SF 0.5 10/13/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.032 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24809SF 2 10/13/2009 SO Benzo(a)pyrene = 0.048 0.0480 1 1 0.002 0.02 MG/KG
P24809SF 2 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.033 MG/KG
P24809SF 2 10/13/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
P24809SF 5 10/13/2009 SO Benzo(a)pyrene = 0.31 0.3100 1 1 0.024 0.17 MG/KG
P24809SF 5 10/13/2009 SO Benzo(a)pyrene ND 0 0.0990 0 1 0.099 1 MG/KG
P24809SF 5 10/13/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
P24809SF 10 10/13/2009 SO Benzo(a)pyrene ND 0 0.0049 0 1 0.0049 0.05 MG/KG
P24809SF 10 10/13/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.13 MG/KG
P24809SF 10 10/13/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(a)pyrene = 0.013 0.0130 1 1 0.001 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24823SB 2 1/4/2010 SO Benzo(a)pyrene = 0.046 0.0460 1 1 0.0025 0.025 MG/KG
P24823SB 2 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24823SB 5 1/4/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
P24823SB 5 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24823SB 10 1/4/2010 SO Benzo(a)pyrene = 0.097 0.0970 1 1 0.0025 0.025 MG/KG
P24823SB 10 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(a)pyrene = 0.015 0.0150 1 1 0.0005 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(a)pyrene ND 0 0.0250 0 1 0.025 0.25 MG/KG
P24823SF 2 1/4/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24823SF 5 1/4/2010 SO Benzo(a)pyrene = 0.062 0.0620 1 1 0.0025 0.025 MG/KG
P24823SF 5 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24823SF 10 1/4/2010 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
P24838SB 5 9/21/2009 SO Benzo(a)pyrene = 0.16 0.1600 1 1 0.0099 0.1 MG/KG
P24838SB 5 9/21/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
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P24838SB 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24838SB 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
P24838SF 5 9/21/2009 SO Benzo(a)pyrene = 0.31 0.3100 1 1 0.002 0.02 MG/KG
P24838SF 5 9/21/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
P24838SF 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
P24838SF 10 9/21/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0990 0 1 0.099 1 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24402SB 2 10/1/2009 SO Benzo(a)pyrene ND 0 0.0390 0 1 0.039 0.4 MG/KG
R24402SB 2 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24402SB 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24402SB 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24402SB 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24402SB 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(a)pyrene = 0.09 0.0900 1 1 0.002 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24402SF 1 10/1/2009 SO Benzo(a)pyrene ND 0 0.0390 0 1 0.039 0.4 MG/KG
R24402SF 1 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24402SF 2 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24402SF 2 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24402SF 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24402SF 5 10/1/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24402SF 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.0990 0 1 0.099 1 MG/KG
R24402SF 10 10/1/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(a)pyrene = 0.059 0.0590 1 1 0.002 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24416SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
R24416SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24416SB 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24416SB 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24416SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24416SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24416SF 10 9/18/2009 SO Benzo(a)pyrene = 0.27 0.2700 1 1 0.0099 0.1 MG/KG
R24416SF 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
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R24419SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24419SB 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24419SB 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24419SB 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24419SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
R24419SF 5 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24419SF 10 9/18/2009 SO Benzo(a)pyrene = 0.1 0.1000 1 1 0.0099 0.1 MG/KG
R24419SF 10 9/18/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(a)pyrene = 0.0072 0.0072 1 1 0.0005 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24423SB 5 9/23/2009 SO Benzo(a)pyrene ND 0 0.0049 0 1 0.0049 0.05 MG/KG
R24423SB 5 9/23/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24423SB 10 9/23/2009 SO Benzo(a)pyrene = 0.057 0.0570 1 1 0.0049 0.05 MG/KG
R24423SB 10 9/23/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(a)pyrene ND 0 0.0990 0 1 0.099 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(a)pyrene = 0.11 0.1100 1 1 0.0049 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(a)pyrene = 0.1 0.1000 1 1 0.002 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(a)pyrene ND 0 0.4600 0 1 0.46 2 MG/KG
R24523SF 2 11/7/2009 SO Benzo(a)pyrene = 0.072 0.0720 1 1 0.002 0.02 MG/KG
R24523SF 2 11/7/2009 SO Benzo(a)pyrene ND 0 0.4600 0 1 0.46 2 MG/KG
R24523SF 5 11/7/2009 SO Benzo(a)pyrene = 0.27 0.2700 1 1 0.0039 0.04 MG/KG
R24523SF 5 11/7/2009 SO Benzo(a)pyrene ND 0 0.4600 0 1 0.46 2 MG/KG
R24523SF 10 11/7/2009 SO Benzo(a)pyrene = 0.041 0.0410 1 1 0.002 0.02 MG/KG
R24523SF 10 11/7/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24603SB 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24603SB 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24603SB 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24603SB 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24603SF 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24603SF 5 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG



PAHs in Soil at Former Shell Site in Carson, CA

Page 39 of 142

FieldPointID Depth Date_ 
Sampled MATRIX Compound Result_Q

ual
Result_V

alue Result for ProUCL ND(0), 
D(1) BaP TEF Limit_Detect Limit_ 

Report UNITS

R24603SF 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24603SF 10 9/17/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Benzo(a)pyrene ND 0 40.0000 0 1 40 600 ug/kg
R24613SB 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0049 0 1 0.0049 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24613SB 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.0049 0 1 0.0049 0.05 MG/KG
R24613SB 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
R24613SB 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24613SB 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24613SB 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24613SB 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24613SF 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24613SF 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24613SF 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24613SF 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24613SF 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24613SF 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.035 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.0099 0 1 0.0099 0.1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.14 MG/KG
R24700SB 2 10/9/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
R24700SB 5 10/9/2009 SO Benzo(a)pyrene = 0.026 0.0260 1 1 0.002 0.02 MG/KG
R24700SB 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.13 MG/KG
R24700SB 5 10/9/2009 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
R24700SB 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24700SB 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.034 MG/KG
R24700SB 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(a)pyrene = 0.25 0.2500 1 1 0.02 0.2 MG/KG
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R24700SF 0.5 10/9/2009 SO Benzo(a)pyrene = 0.3 0.3000 1 1 0.024 0.14 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(a)pyrene ND 0 2.3000 0 1 2.3 10 MG/KG
R24700SF 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24700SF 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.13 MG/KG
R24700SF 2 10/9/2009 SO Benzo(a)pyrene ND 0 0.5800 0 1 0.58 2.5 MG/KG
R24700SF 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24700SF 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.13 MG/KG
R24700SF 5 10/9/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24700SF 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.0020 0 1 0.002 0.02 MG/KG
R24700SF 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.0240 0 1 0.024 0.034 MG/KG
R24700SF 10 10/9/2009 SO Benzo(a)pyrene ND 0 0.2300 0 1 0.23 1 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(a)pyrene = 0.0061 0.0061 1 1 0.0005 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SB 2 12/30/2009 SO Benzo(a)pyrene = 0.077 0.0770 1 1 0.0025 0.025 MG/KG
R24712SB 2 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SB 2 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(a)pyrene = 0.04 0.0400 1 1 0.0025 0.025 MG/KG
R24712SB 5 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SB 10 12/30/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24712SB 10 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24712SB 10 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(a)pyrene = 0.0093 0.0093 1 1 0.0005 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SF 2 12/30/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24712SF 2 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SF 2 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(a)pyrene = 0.027 0.0270 1 1 0.001 0.01 MG/KG
R24712SF 5 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24712SF 10 12/30/2009 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
R24712SF 10 12/30/2009 SO Benzo(a)pyrene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24712SF 10 12/30/2009 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(a)pyrene = 0.078 0.0780 1 1 0.0025 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(a)pyrene ND 0 1.2000 0 1 1.2 5 MG/KG
R24733SB 2 3/29/2010 SO Benzo(a)pyrene = 0.015 0.0150 1 1 0.0005 0.005 MG/KG
R24733SB 2 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SB 5 3/29/2010 SO Benzo(a)pyrene ND 0 0.0005 0 1 0.0005 0.005 MG/KG
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R24733SB 5 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SB 10 3/29/2010 SO Benzo(a)pyrene = 0.0012 0.0012 1 1 0.0005 0.005 MG/KG
R24733SB 10 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(a)pyrene = 0.006 0.0060 1 1 0.0025 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SF 2 3/29/2010 SO Benzo(a)pyrene = 0.0037 0.0037 1 1 0.0005 0.005 MG/KG
R24733SF 2 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SF 5 3/29/2010 SO Benzo(a)pyrene = 0.0021 0.0021 1 1 0.0005 0.005 MG/KG
R24733SF 5 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24733SF 10 3/29/2010 SO Benzo(a)pyrene = 0.0018 0.0018 1 1 0.0005 0.005 MG/KG
R24733SF 10 3/29/2010 SO Benzo(a)pyrene ND 0 0.1200 0 1 0.12 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Benzo(a)pyrene ND 0 800.0000 0 1 800 12000 ug/kg
244-311SB 0.5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SB 2 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
244-311SB 2 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SB 5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
244-311SB 5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SB 10 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
244-311SB 10 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 2 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
244-311SF 2 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
244-311SF 5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-311SF 10 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
244-311SF 10 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SB 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-351SB 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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244-351SB 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-351SB 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SF 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-351SF 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-351SF 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-351SF 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-361SB 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SB 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-361SF 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
244-361SF 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-03A 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
244-SV-05 1 7/30/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
244-SV-05 5 7/30/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
244-SV-05 10 7/30/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05B 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
244-SV-05C 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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244-SV-05D 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05F 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02A 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(b)fluoranthene = 0.044 0.0440 1 0.1 0.0018 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(b)fluoranthene = 0.1 0.1000 1 0.1 0.0018 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-345SB 5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-345SB 5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-345SB 10 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-345SB 10 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-345SF 5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
249-345SF 5 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
249-345SF 10 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-345SF 10 9/25/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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249-352SB 0.5 10/1/2009 SO Benzo(b)fluoranthene = 0.046 0.0460 1 0.1 0.0014 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
249-352SB 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-352SB 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SB 10 10/1/2009 SO Benzo(b)fluoranthene = 0.0064 0.0064 1 0.1 0.0004 0.005 MG/KG
249-352SB 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(b)fluoranthene = 0.043 0.0430 1 0.1 0.0014 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
249-352SF 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
249-352SF 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-352SF 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-352SF 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SB 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
249-412SB 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-412SB 5 10/2/2009 SO Benzo(b)fluoranthene = 0.097 0.0970 1 0.1 0.0014 0.02 MG/KG
249-412SB 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
249-412SB 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-412SB 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(b)fluoranthene = 0.023 0.0230 1 0.1 0.0004 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-412SF 2 10/2/2009 SO Benzo(b)fluoranthene = 0.026 0.0260 1 0.1 0.0014 0.02 MG/KG
249-412SF 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
249-412SF 5 10/2/2009 SO Benzo(b)fluoranthene = 0.067 0.0670 1 0.1 0.0004 0.005 MG/KG
249-412SF 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
249-412SF 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
249-412SF 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-1 2 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-1 5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-1 10 6/10/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-10 2 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-10 5 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-10 10 6/12/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-2 2 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-2 5 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-2 10 6/10/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-3 2 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-3 5 6/9/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-3 10 6/12/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
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DP-4 1.5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-4 5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-4 10 6/10/2009 SO Benzo(b)fluoranthene ND 0 2.2000 0 0.1 2.2 10 MG/KG
DP-5 2 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-5 5 6/9/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-5 10 6/11/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-6 3 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-6 5 6/9/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-6 10 6/12/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-7 5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-7 10 6/10/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-8 1.5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-8 5 6/8/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
DP-9 2 6/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
DP-9 5 6/9/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
DP-9 10 6/11/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
M24412SF 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0700 0 0.1 0.07 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0700 0 0.1 0.07 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
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M24426SB (First) 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(b)fluoranthene = 0.037 0.0370 1 0.1 0.0014 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SB 2 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
M24433SB 2 9/15/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24433SB 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24433SB 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SB 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24433SB 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SF 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24433SF 5 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24433SF 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24433SF 10 9/15/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24506SB (3rd) 8 04/05/2010 15:15Soil Benzo(b)fluoranthene ND 0 400.0000 0 0.1 400 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Benzo(b)fluoranthene ND 0 400.0000 0 0.1 400 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24517SF 2 10/5/2009 SO Benzo(b)fluoranthene = 0.04 0.0400 1 0.1 0.0004 0.005 MG/KG
M24517SF 2 10/5/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24517SF 5 10/5/2009 SO Benzo(b)fluoranthene = 0.064 0.0640 1 0.1 0.0014 0.02 MG/KG
M24517SF 5 10/5/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24517SF 10 10/5/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24517SF 10 10/5/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24532SB 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24532SB 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0350 0 0.1 0.035 0.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 2.2000 0 0.1 2.2 10 MG/KG
M24532SB 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.1400 0 0.1 0.14 2 MG/KG
M24532SB 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 2.2000 0 0.1 2.2 10 MG/KG
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M24532SF 0.5 10/2/2009 SO Benzo(b)fluoranthene = 0.025 0.0250 1 0.1 0.0014 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24532SF 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24532SF 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24532SF 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
M24532SF 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24532SF 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0280 0 0.1 0.028 0.4 MG/KG
M24532SF 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.0075 0.0075 1 0.1 0.0004 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.0095 0.0095 1 0.1 0.0004 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.011 0.0110 1 0.1 0.0004 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(b)fluoranthene = 0.01 0.0100 1 0.1 0.0004 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24603SB 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24603SB 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.011 0.0110 1 0.1 0.0004 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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M24603SB2 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.0075 0.0075 1 0.1 0.0004 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.0095 0.0095 1 0.1 0.0004 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.0067 0.0067 1 0.1 0.0004 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
M24603SF 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24603SF 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0280 0 0.1 0.028 0.4 MG/KG
M24603SF 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
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M24603SF 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(b)fluoranthene = 0.0067 0.0067 1 0.1 0.0004 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
MA-SV-04 5 8/4/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
MA-SV-04 10 8/4/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-08A 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.4300 0 0.1 0.43 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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MA-SV-11 10 8/3/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MW-03 7/28/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MW-05 10 7/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
MW-06 10 7/27/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24422SB 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24422SB 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24422SB 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24422SB 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24422SF 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24422SF 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24422SF 10 9/17/2009 SO Benzo(b)fluoranthene = 0.04 0.0400 1 0.1 0.0014 0.02 MG/KG
N24422SF 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24426SB 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24426SB 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24426SB 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24426SB 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(b)fluoranthene = 0.021 0.0210 1 0.1 0.0014 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24426SF 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24426SF 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24426SF 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24426SF 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SB 5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24502SB 5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SB 10 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
N24502SB 10 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24502SF 5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24502SF 5 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24502SF 10 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24502SF 10 9/22/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
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N24523SB 0.5 3/29/2010 SO Benzo(b)fluoranthene = 0.0064 0.0064 1 0.1 0.0018 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SB 2 3/29/2010 SO Benzo(b)fluoranthene = 0.024 0.0240 1 0.1 0.0018 0.025 MG/KG
N24523SB 2 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SB 5 3/29/2010 SO Benzo(b)fluoranthene = 0.052 0.0520 1 0.1 0.018 0.25 MG/KG
N24523SB 5 3/29/2010 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24523SB 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
N24523SB 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(b)fluoranthene = 0.0023 0.0023 1 0.1 0.0004 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 2 3/29/2010 SO Benzo(b)fluoranthene = 0.0096 0.0096 1 0.1 0.0018 0.025 MG/KG
N24523SF 2 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 3.6 03/29/2010 09:11Soil Benzo(b)fluoranthene ND 0 40.0000 0 0.1 40 600 ug/kg
N24523SF 5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
N24523SF 5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24523SF 10 3/29/2010 SO Benzo(b)fluoranthene = 0.024 0.0240 1 0.1 0.007 0.1 MG/KG
N24523SF 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Benzo(b)fluoranthene ND 0 400.0000 0 0.1 400 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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N24725SB 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24725SB 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SB 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24725SB 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SF 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24725SF 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24725SF 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24725SF 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24729SB 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24729SB 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SB 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24729SB 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(b)fluoranthene = 0.025 0.0250 1 0.1 0.0014 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24729SF 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24729SF 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24729SF 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24729SF 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24738SB 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24738SB 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0350 0 0.1 0.035 0.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24738SF 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24738SF 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24738SF 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24738SF 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(b)fluoranthene = 0.027 0.0270 1 0.1 0.0014 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
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N24815SF 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24815SF 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24815SF 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24815SF 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24825SB 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24825SB 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SB 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24825SB 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
N24825SF 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24825SF 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24825SF 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24825SF 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SB 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
N24912SB 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SB 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24912SB 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(b)fluoranthene = 0.0091 0.0091 1 0.1 0.0004 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SF 5 9/29/2009 SO Benzo(b)fluoranthene = 0.0055 0.0055 1 0.1 0.0004 0.005 MG/KG
N24912SF 5 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
N24912SF 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
N24912SF 10 9/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24406SB 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24406SB 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SB 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24406SB 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
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P24406SF 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24406SF 5 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24406SF 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24406SF 10 9/16/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(b)fluoranthene = 0.0077 0.0077 1 0.1 0.0004 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24430SF 5 9/30/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24430SF 5 9/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24430SF 10 9/30/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24430SF 10 9/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SB 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SB 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SB 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SB 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SF 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24502SF 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24502SF 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(b)fluoranthene = 0.0076 0.0076 1 0.1 0.0004 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SB 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24518SB 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SB 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24518SB 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(b)fluoranthene = 0.21 0.2100 1 0.1 0.007 0.1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24518SF 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24518SF 10 9/24/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(b)fluoranthene = 0.11 0.1100 1 0.1 0.007 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
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P24709SB 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24709SB 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24709SB 4 10/2/2009 SO Benzo(b)fluoranthene = 0.82 0.8200 1 0.1 0.035 0.5 MG/KG
P24709SB 4 10/2/2009 SO Benzo(b)fluoranthene ND 0 2.2000 0 0.1 2.2 10 MG/KG
P24709SB 5 10/2/2009 SO Benzo(b)fluoranthene = 0.14 0.1400 1 0.1 0.007 0.1 MG/KG
P24709SB 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24709SB 7 10/2/2009 SO Benzo(b)fluoranthene = 1 1.0000 1 0.1 0.035 0.5 MG/KG
P24709SB 7 10/2/2009 SO Benzo(b)fluoranthene ND 0 5.4000 0 0.1 5.4 25 MG/KG
P24709SB 10 10/2/2009 SO Benzo(b)fluoranthene = 0.65 0.6500 1 0.1 0.035 0.5 MG/KG
P24709SB 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 2.2000 0 0.1 2.2 10 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24709SF 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24709SF 2 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24709SF 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 0.0140 0 0.1 0.014 0.2 MG/KG
P24709SF 5 10/2/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24709SF 10 10/2/2009 SO Benzo(b)fluoranthene = 0.32 0.3200 1 0.1 0.007 0.1 MG/KG
P24709SF 10 10/2/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(b)fluoranthene = 0.03 0.0300 1 0.1 0.0014 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24739SB 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24739SB 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SB 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24739SB 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24739SB 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24739SB 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 2 10/9/2009 SO Benzo(b)fluoranthene = 0.0085 0.0085 1 0.1 0.0004 0.005 MG/KG
P24739SF 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24739SF 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24739SF 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24739SF 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(b)fluoranthene = 0.029 0.0290 1 0.1 0.0014 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.032 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24809SB 2 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24809SB 2 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.034 MG/KG
P24809SB 2 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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P24809SB 5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.033 MG/KG
P24809SB 5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0280 0 0.1 0.028 0.4 MG/KG
P24809SB 5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24809SB 10 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.14 MG/KG
P24809SB 10 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0140 0 0.1 0.014 0.2 MG/KG
P24809SB 10 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.032 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24809SF 2 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24809SF 2 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.033 MG/KG
P24809SF 2 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24809SF 5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.17 MG/KG
P24809SF 5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0700 0 0.1 0.07 1 MG/KG
P24809SF 5 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24809SF 10 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
P24809SF 10 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.13 MG/KG
P24809SF 10 10/13/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(b)fluoranthene = 0.012 0.0120 1 0.1 0.0007 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SB 2 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
P24823SB 2 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24823SB 5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
P24823SB 5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SB 10 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
P24823SB 10 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(b)fluoranthene = 0.011 0.0110 1 0.1 0.0004 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0180 0 0.1 0.018 0.25 MG/KG
P24823SF 2 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24823SF 5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
P24823SF 5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
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P24823SF 10 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
P24838SB 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24838SB 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24838SB 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24838SB 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
P24838SF 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24838SF 5 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
P24838SF 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
P24838SF 10 9/21/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0700 0 0.1 0.07 1 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24402SB 2 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0280 0 0.1 0.028 0.4 MG/KG
R24402SB 2 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24402SB 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24402SB 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SB 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24402SB 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(b)fluoranthene = 0.024 0.0240 1 0.1 0.0014 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24402SF 1 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0280 0 0.1 0.028 0.4 MG/KG
R24402SF 1 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24402SF 2 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24402SF 2 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SF 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24402SF 5 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24402SF 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.0700 0 0.1 0.07 1 MG/KG
R24402SF 10 10/1/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(b)fluoranthene = 0.055 0.0550 1 0.1 0.0014 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24416SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
R24416SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24416SB 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24416SB 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
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R24416SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24416SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24416SF 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
R24416SF 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24419SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24419SB 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24419SB 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24419SB 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24419SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
R24419SF 5 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24419SF 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
R24419SF 10 9/18/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24423SB 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
R24423SB 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24423SB 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
R24423SB 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0700 0 0.1 0.07 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.4300 0 0.1 0.43 2 MG/KG
R24523SF 2 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24523SF 2 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.4300 0 0.1 0.43 2 MG/KG
R24523SF 5 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.0028 0 0.1 0.0028 0.04 MG/KG
R24523SF 5 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.4300 0 0.1 0.43 2 MG/KG
R24523SF 10 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24523SF 10 11/7/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24603SB 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24603SB 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
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R24603SB 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24603SB 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SF 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24603SF 5 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24603SF 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24603SF 10 9/17/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Benzo(b)fluoranthene ND 0 40.0000 0 0.1 40 600 ug/kg
R24613SB 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SB 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0035 0 0.1 0.0035 0.05 MG/KG
R24613SB 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
R24613SB 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24613SB 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SB 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24613SB 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24613SF 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24613SF 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24613SF 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24613SF 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.035 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0070 0 0.1 0.007 0.1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.14 MG/KG
R24700SB 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24700SB 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
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R24700SB 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.13 MG/KG
R24700SB 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24700SB 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24700SB 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.034 MG/KG
R24700SB 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.14 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0140 0 0.1 0.014 0.2 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(b)fluoranthene ND 0 2.2000 0 0.1 2.2 10 MG/KG
R24700SF 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24700SF 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.13 MG/KG
R24700SF 2 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.5400 0 0.1 0.54 2.5 MG/KG
R24700SF 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24700SF 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.13 MG/KG
R24700SF 5 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24700SF 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0014 0 0.1 0.0014 0.02 MG/KG
R24700SF 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.0077 0 0.1 0.0077 0.034 MG/KG
R24700SF 10 10/9/2009 SO Benzo(b)fluoranthene ND 0 0.2200 0 0.1 0.22 1 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SB 2 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
R24712SB 2 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SB 2 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
R24712SB 5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SB 10 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24712SB 10 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24712SB 10 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(b)fluoranthene = 0.0064 0.0064 1 0.1 0.0004 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 2 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24712SF 2 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SF 2 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0007 0 0.1 0.0007 0.01 MG/KG
R24712SF 5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24712SF 10 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24712SF 10 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
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R24712SF 10 12/30/2009 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(b)fluoranthene = 0.022 0.0220 1 0.1 0.0018 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(b)fluoranthene ND 0 1.1000 0 0.1 1.1 5 MG/KG
R24733SB 2 3/29/2010 SO Benzo(b)fluoranthene = 0.011 0.0110 1 0.1 0.0004 0.005 MG/KG
R24733SB 2 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SB 5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24733SB 5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SB 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24733SB 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.0018 0 0.1 0.0018 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 2 3/29/2010 SO Benzo(b)fluoranthene = 0.0025 0.0025 1 0.1 0.0004 0.005 MG/KG
R24733SF 2 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 5 3/29/2010 SO Benzo(b)fluoranthene = 0.0011 0.0011 1 0.1 0.0004 0.005 MG/KG
R24733SF 5 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24733SF 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.0004 0 0.1 0.0004 0.005 MG/KG
R24733SF 10 3/29/2010 SO Benzo(b)fluoranthene ND 0 0.1100 0 0.1 0.11 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Benzo(b)fluoranthene ND 0 800.0000 0 0.1 800 12000 ug/kg
244-311SB 0.5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SB 2 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
244-311SB 2 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SB 5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
244-311SB 5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SB 10 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
244-311SB 10 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SF 2 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
244-311SF 2 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
244-311SF 5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-311SF 10 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
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244-311SF 10 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-351SB 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-351SB 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-351SB 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-351SB 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-351SF 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-351SF 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-351SF 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-351SF 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-361SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-361SB 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SB 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-361SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-361SF 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
244-361SF 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-03A 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
244-SV-05 1 7/30/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
244-SV-05 5 7/30/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
244-SV-05 10 7/30/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
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244-SV-05B 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
244-SV-05C 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05D 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05F 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
247-SV-02A 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(k)fluoranthene = 0.033 0.0330 1 0.01 0.0056 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(k)fluoranthene = 0.092 0.0920 1 0.01 0.0056 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
249-345SB 0.5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
249-345SB 5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-345SB 5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-345SB 10 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-345SB 10 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
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249-345SF 0.5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
249-345SF 5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
249-345SF 5 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
249-345SF 10 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-345SF 10 9/25/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
249-352SB 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-352SB 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-352SB 10 10/1/2009 SO Benzo(k)fluoranthene = 0.0051 0.0051 1 0.01 0.0011 0.005 MG/KG
249-352SB 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(k)fluoranthene = 0.024 0.0240 1 0.01 0.0045 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
249-352SF 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
249-352SF 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-352SF 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-352SF 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-412SB 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
249-412SB 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
249-412SB 5 10/2/2009 SO Benzo(k)fluoranthene = 0.09 0.0900 1 0.01 0.0045 0.02 MG/KG
249-412SB 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
249-412SB 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-412SB 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(k)fluoranthene = 0.015 0.0150 1 0.01 0.0011 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
249-412SF 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
249-412SF 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
249-412SF 5 10/2/2009 SO Benzo(k)fluoranthene = 0.026 0.0260 1 0.01 0.0011 0.005 MG/KG
249-412SF 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
249-412SF 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
249-412SF 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-1 2 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-1 5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-1 10 6/10/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-10 2 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-10 5 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-10 10 6/12/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
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DP-2 2 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-2 5 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-2 10 6/10/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
DP-3 2 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-3 5 6/9/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
DP-3 10 6/12/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
DP-4 1.5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-4 5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-4 10 6/10/2009 SO Benzo(k)fluoranthene ND 0 2.6000 0 0.01 2.6 10 MG/KG
DP-5 2 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-5 5 6/9/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
DP-5 10 6/11/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-6 3 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-6 5 6/9/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
DP-6 10 6/12/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-7 5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-7 10 6/10/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-8 1.5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-8 5 6/8/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
DP-9 2 6/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
DP-9 5 6/9/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
DP-9 10 6/11/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
M24412SB (First) 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
M24412SF 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
M24412SF 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24412SF 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2300 0 0.01 0.23 1 MG/KG
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M24412SF 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2300 0 0.01 0.23 1 MG/KG
M24412SF 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(k)fluoranthene = 0.024 0.0240 1 0.01 0.0045 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24433SB 2 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
M24433SB 2 9/15/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
M24433SB 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24433SB 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24433SB 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24433SB 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24433SF 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24433SF 5 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24433SF 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24433SF 10 9/15/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24506SB (3rd) 8 04/05/2010 15:15Soil Benzo(k)fluoranthene ND 0 400.0000 0 0.01 400 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Benzo(k)fluoranthene ND 0 400.0000 0 0.01 400 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24517SF 2 10/5/2009 SO Benzo(k)fluoranthene = 0.038 0.0380 1 0.01 0.0011 0.005 MG/KG
M24517SF 2 10/5/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24517SF 5 10/5/2009 SO Benzo(k)fluoranthene = 0.041 0.0410 1 0.01 0.0045 0.02 MG/KG
M24517SF 5 10/5/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
M24517SF 10 10/5/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24517SF 10 10/5/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
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M24532SB 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24532SB 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1100 0 0.01 0.11 0.5 MG/KG
M24532SB 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 2.6000 0 0.01 2.6 10 MG/KG
M24532SB 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.4500 0 0.01 0.45 2 MG/KG
M24532SB 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 2.6000 0 0.01 2.6 10 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24532SF 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24532SF 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24532SF 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
M24532SF 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24532SF 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0900 0 0.01 0.09 0.4 MG/KG
M24532SF 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(k)fluoranthene = 0.0066 0.0066 1 0.01 0.0011 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(k)fluoranthene = 0.011 0.0110 1 0.01 0.0011 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(k)fluoranthene = 0.006 0.0060 1 0.01 0.0011 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24603SB 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24603SB 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24603SB 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24603SB 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
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M24603SB 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(k)fluoranthene = 0.011 0.0110 1 0.01 0.0011 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(k)fluoranthene = 0.0066 0.0066 1 0.01 0.0011 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
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M24603SF 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
M24603SF 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0900 0 0.01 0.09 0.4 MG/KG
M24603SF 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
MA-SV-04 5 8/4/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
MA-SV-04 10 8/4/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
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MA-SV-08A 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.5200 0 0.01 0.52 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MA-SV-11 10 8/3/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MW-03 7/28/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MW-05 10 7/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
MW-06 10 7/27/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24422SB 5 9/17/2009 SO Benzo(k)fluoranthene = 0.088 0.0880 1 0.01 0.0045 0.02 MG/KG
N24422SB 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24422SB 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24422SB 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24422SF 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24422SF 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24422SF 10 9/17/2009 SO Benzo(k)fluoranthene = 0.032 0.0320 1 0.01 0.0045 0.02 MG/KG
N24422SF 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24426SB 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24426SB 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24426SB 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24426SB 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24426SF 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24426SF 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24426SF 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24426SF 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24502SB 5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24502SB 5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24502SB 10 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24502SB 10 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
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N24502SF 0.5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24502SF 5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24502SF 5 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24502SF 10 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24502SF 10 9/22/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24523SB 2 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24523SB 2 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24523SB 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0560 0 0.01 0.056 0.25 MG/KG
N24523SB 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24523SB 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24523SB 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(k)fluoranthene = 0.0021 0.0021 1 0.01 0.0011 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24523SF 2 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24523SF 2 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24523SF 3.6 03/29/2010 09:11Soil Benzo(k)fluoranthene ND 0 40.0000 0 0.01 40 600 ug/kg
N24523SF 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
N24523SF 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24523SF 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24523SF 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24632SF (Second 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24703SB (First) 8 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
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N24703SF (First) 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Benzo(k)fluoranthene ND 0 400.0000 0 0.01 400 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24725SB 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24725SB 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24725SB 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24725SB 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24725SF 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24725SF 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24725SF 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24725SF 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24729SB 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24729SB 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24729SB 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24729SB 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24729SF 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24729SF 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24729SF 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24729SF 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24738SB 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24738SB 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.1100 0 0.01 0.11 0.5 MG/KG
N24738SB 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24738SF 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24738SF 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
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N24738SF 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24738SF 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24815SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24815SF 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24815SF 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24815SF 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24815SF 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24825SB 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24825SB 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24825SB 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24825SB 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24825SF 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
N24825SF 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24825SF 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24825SF 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24825SF 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24912SB 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
N24912SB 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24912SB 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24912SB 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24912SF 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24912SF 5 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
N24912SF 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
N24912SF 10 9/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24406SB 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24406SB 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
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P24406SB 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24406SB 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24406SF 0.5 9/16/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24406SF 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24406SF 5 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24406SF 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24406SF 10 9/16/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(k)fluoranthene = 0.0078 0.0078 1 0.01 0.0011 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24430SF 5 9/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24430SF 5 9/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24430SF 10 9/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24430SF 10 9/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SB 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SB 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SB 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SB 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SF 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SF 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24502SF 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24502SF 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24518SB 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24518SB 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24518SB 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24518SB 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24518SF 0.5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG



PAHs in Soil at Former Shell Site in Carson, CA

Page 75 of 142

FieldPointID Depth Date_ 
Sampled MATRIX Compound Result_Q

ual
Result_V

alue Result for ProUCL ND(0), 
D(1) BaP TEF Limit_Detect Limit_ 

Report UNITS

P24518SF 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24518SF 5 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24518SF 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24518SF 10 9/24/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24709SB 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24709SB 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24709SB 4 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1100 0 0.01 0.11 0.5 MG/KG
P24709SB 4 10/2/2009 SO Benzo(k)fluoranthene ND 0 2.6000 0 0.01 2.6 10 MG/KG
P24709SB 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24709SB 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24709SB 7 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1100 0 0.01 0.11 0.5 MG/KG
P24709SB 7 10/2/2009 SO Benzo(k)fluoranthene ND 0 6.5000 0 0.01 6.5 25 MG/KG
P24709SB 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1100 0 0.01 0.11 0.5 MG/KG
P24709SB 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 2.6000 0 0.01 2.6 10 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24709SF 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24709SF 2 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24709SF 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0450 0 0.01 0.045 0.2 MG/KG
P24709SF 5 10/2/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24709SF 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24709SF 10 10/2/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24739SB 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24739SB 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24739SB 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24739SB 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24739SB 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24739SB 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24739SF 2 10/9/2009 SO Benzo(k)fluoranthene = 0.012 0.0120 1 0.01 0.0011 0.005 MG/KG
P24739SF 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24739SF 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24739SF 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24739SF 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24739SF 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
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P24809SB 0.5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.032 MG/KG
P24809SB 0.5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24809SB 2 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24809SB 2 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.034 MG/KG
P24809SB 2 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24809SB 5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.033 MG/KG
P24809SB 5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0900 0 0.01 0.09 0.4 MG/KG
P24809SB 5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24809SB 10 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.14 MG/KG
P24809SB 10 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0450 0 0.01 0.045 0.2 MG/KG
P24809SB 10 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.032 MG/KG
P24809SF 0.5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24809SF 2 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24809SF 2 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.033 MG/KG
P24809SF 2 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24809SF 5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.17 MG/KG
P24809SF 5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.2300 0 0.01 0.23 1 MG/KG
P24809SF 5 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24809SF 10 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
P24809SF 10 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.13 MG/KG
P24809SF 10 10/13/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24823SB 2 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
P24823SB 2 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24823SB 5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
P24823SB 5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24823SB 10 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
P24823SB 10 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(k)fluoranthene = 0.0095 0.0095 1 0.01 0.0011 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24823SF 2 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
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P24823SF 2 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0560 0 0.01 0.056 0.25 MG/KG
P24823SF 2 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24823SF 5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
P24823SF 5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24823SF 10 1/4/2010 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
P24838SB 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24838SB 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24838SB 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24838SB 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
P24838SF 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24838SF 5 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
P24838SF 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
P24838SF 10 9/21/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.2300 0 0.01 0.23 1 MG/KG
R24402SB 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24402SB 2 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0900 0 0.01 0.09 0.4 MG/KG
R24402SB 2 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24402SB 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24402SB 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24402SB 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24402SB 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24402SF 1 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0900 0 0.01 0.09 0.4 MG/KG
R24402SF 1 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24402SF 2 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24402SF 2 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24402SF 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24402SF 5 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24402SF 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.2300 0 0.01 0.23 1 MG/KG
R24402SF 10 10/1/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(k)fluoranthene = 0.046 0.0460 1 0.01 0.0045 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
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R24416SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
R24416SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24416SB 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24416SB 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24416SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24416SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24416SF 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
R24416SF 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24419SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24419SB 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24419SB 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24419SB 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24419SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
R24419SF 5 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24419SF 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
R24419SF 10 9/18/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24423SB 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
R24423SB 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24423SB 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
R24423SB 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.2300 0 0.01 0.23 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.5200 0 0.01 0.52 2 MG/KG
R24523SF 2 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24523SF 2 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.5200 0 0.01 0.52 2 MG/KG
R24523SF 5 11/7/2009 SO Benzo(k)fluoranthene = 0.11 0.1100 1 0.01 0.009 0.04 MG/KG
R24523SF 5 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.5200 0 0.01 0.52 2 MG/KG
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R24523SF 10 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24523SF 10 11/7/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24603SB 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24603SB 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24603SB 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24603SB 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24603SF 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24603SF 5 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24603SF 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24603SF 10 9/17/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Benzo(k)fluoranthene ND 0 40.0000 0 0.01 40 600 ug/kg
R24613SB 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24613SB 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0110 0 0.01 0.011 0.05 MG/KG
R24613SB 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
R24613SB 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24613SB 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24613SB 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24613SB 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24613SF 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24613SF 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24613SF 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24613SF 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24613SF 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24613SF 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG



PAHs in Soil at Former Shell Site in Carson, CA

Page 80 of 142

FieldPointID Depth Date_ 
Sampled MATRIX Compound Result_Q

ual
Result_V

alue Result for ProUCL ND(0), 
D(1) BaP TEF Limit_Detect Limit_ 

Report UNITS

R24700SB 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.035 MG/KG
R24700SB 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.14 MG/KG
R24700SB 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0230 0 0.01 0.023 0.1 MG/KG
R24700SB 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
R24700SB 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24700SB 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.13 MG/KG
R24700SB 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
R24700SB 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24700SB 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.034 MG/KG
R24700SB 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.14 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0450 0 0.01 0.045 0.2 MG/KG
R24700SF 0.5 10/9/2009 SO Benzo(k)fluoranthene ND 0 2.6000 0 0.01 2.6 10 MG/KG
R24700SF 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24700SF 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.13 MG/KG
R24700SF 2 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.6500 0 0.01 0.65 2.5 MG/KG
R24700SF 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24700SF 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.13 MG/KG
R24700SF 5 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24700SF 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0045 0 0.01 0.0045 0.02 MG/KG
R24700SF 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.0150 0 0.01 0.015 0.034 MG/KG
R24700SF 10 10/9/2009 SO Benzo(k)fluoranthene ND 0 0.2600 0 0.01 0.26 1 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SB 2 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
R24712SB 2 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
R24712SB 2 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
R24712SB 5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SB 10 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24712SB 10 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24712SB 10 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SF 2 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24712SF 2 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.25 MG/KG
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R24712SF 2 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0023 0 0.01 0.0023 0.01 MG/KG
R24712SF 5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24712SF 10 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24712SF 10 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.0130 0 0.01 0.013 0.025 MG/KG
R24712SF 10 12/30/2009 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(k)fluoranthene = 0.0082 0.0082 1 0.01 0.0056 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Benzo(k)fluoranthene ND 0 1.3000 0 0.01 1.3 5 MG/KG
R24733SB 2 3/29/2010 SO Benzo(k)fluoranthene = 0.0097 0.0097 1 0.01 0.0011 0.005 MG/KG
R24733SB 2 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SB 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24733SB 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SB 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24733SB 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0056 0 0.01 0.0056 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SF 2 3/29/2010 SO Benzo(k)fluoranthene = 0.0016 0.0016 1 0.01 0.0011 0.005 MG/KG
R24733SF 2 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SF 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24733SF 5 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24733SF 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.0011 0 0.01 0.0011 0.005 MG/KG
R24733SF 10 3/29/2010 SO Benzo(k)fluoranthene ND 0 0.1300 0 0.01 0.13 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Benzo(k)fluoranthene ND 0 800.0000 0 0.01 800 12000 ug/kg
244-311SB 0.5 12/21/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SB 2 12/21/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
244-311SB 2 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SB 5 12/21/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
244-311SB 5 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SB 10 12/21/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
244-311SB 10 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Chrysene = 0.087 0.0870 1 0.001 0.0059 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SF 2 12/21/2009 SO Chrysene ND 0 0.0059 0 0.001 0.0059 0.025 MG/KG
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244-311SF 2 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SF 5 12/21/2009 SO Chrysene = 0.074 0.0740 1 0.001 0.0059 0.025 MG/KG
244-311SF 5 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-311SF 10 12/21/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
244-311SF 10 12/21/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-351SB 5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-351SB 5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-351SB 10 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-351SB 10 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-351SF 5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-351SF 5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-351SF 10 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-351SF 10 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Chrysene = 0.04 0.0400 1 0.001 0.0047 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-361SB 5 9/18/2009 SO Chrysene = 0.047 0.0470 1 0.001 0.0047 0.02 MG/KG
244-361SB 5 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-361SB 5 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-361SB 5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-361SB 10 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-361SB 10 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-361SF 5 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-361SF 5 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-361SF 5 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-361SF 5 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-361SF 10 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
244-361SF 10 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-03A 2.5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
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244-SV-05 1 7/30/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
244-SV-05 5 7/30/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
244-SV-05 10 7/30/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05B 2.5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
244-SV-05C 5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05D 2.5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05F 5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
247-SV-02A 10 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Chrysene = 0.078 0.0780 1 0.001 0.0059 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Chrysene = 0.15 0.1500 1 0.001 0.0059 0.025 MG/KG
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249-345SB 0.5 9/25/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
249-345SB 0.5 9/25/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
249-345SB 5 9/25/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
249-345SB 5 9/25/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-345SB 10 9/25/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
249-345SB 10 9/25/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-345SF 0.5 9/25/2009 SO Chrysene = 0.051 0.0510 1 0.001 0.0059 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
249-345SF 5 9/25/2009 SO Chrysene = 0.26 0.2600 1 0.001 0.012 0.05 MG/KG
249-345SF 5 9/25/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
249-345SF 10 9/25/2009 SO Chrysene = 0.019 0.0190 1 0.001 0.0012 0.005 MG/KG
249-345SF 10 9/25/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-352SB 0.5 10/1/2009 SO Chrysene = 0.13 0.1300 1 0.001 0.0047 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
249-352SB 5 10/1/2009 SO Chrysene = 0.0082 0.0082 1 0.001 0.0012 0.005 MG/KG
249-352SB 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-352SB 10 10/1/2009 SO Chrysene = 0.016 0.0160 1 0.001 0.0012 0.005 MG/KG
249-352SB 10 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-352SF 0.5 10/1/2009 SO Chrysene = 0.13 0.1300 1 0.001 0.0047 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
249-352SF 5 10/1/2009 SO Chrysene = 0.031 0.0310 1 0.001 0.0047 0.02 MG/KG
249-352SF 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-352SF 10 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
249-352SF 10 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-412SB 0.5 10/2/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-412SB 2 10/2/2009 SO Chrysene = 0.084 0.0840 1 0.001 0.0047 0.02 MG/KG
249-412SB 2 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
249-412SB 5 10/2/2009 SO Chrysene = 0.39 0.3900 1 0.001 0.0047 0.02 MG/KG
249-412SB 5 10/2/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
249-412SB 10 10/2/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
249-412SB 10 10/2/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Chrysene = 0.11 0.1100 1 0.001 0.0012 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
249-412SF 2 10/2/2009 SO Chrysene = 0.12 0.1200 1 0.001 0.0047 0.02 MG/KG
249-412SF 2 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
249-412SF 5 10/2/2009 SO Chrysene = 0.42 0.4200 1 0.001 0.0059 0.025 MG/KG
249-412SF 5 10/2/2009 SO Chrysene = 0.63 0.6300 1 0.001 0.11 0.5 MG/KG
249-412SF 10 10/2/2009 SO Chrysene = 0.019 0.0190 1 0.001 0.0012 0.005 MG/KG
249-412SF 10 10/2/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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DP-1 2 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-1 5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-1 10 6/10/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
DP-10 2 6/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
DP-10 5 6/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-10 10 6/12/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-2 2 6/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-2 5 6/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-2 10 6/10/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-3 2 6/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-3 5 6/9/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-3 10 6/12/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-4 1.5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-4 5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-4 10 6/10/2009 SO Chrysene ND 0 2.2000 0 0.001 2.2 10 MG/KG
DP-5 2 6/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-5 5 6/9/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-5 10 6/11/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
DP-6 3 6/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-6 5 6/9/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-6 10 6/12/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-7 5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-7 10 6/10/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
DP-8 1.5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-8 5 6/8/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
DP-9 2 6/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
DP-9 5 6/9/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
DP-9 10 6/11/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Chrysene = 0.012 0.0120 1 0.001 0.0012 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Chrysene = 0.053 0.0530 1 0.001 0.0047 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
M24412SB (First) 2 12/29/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Chrysene = 0.06 0.0600 1 0.001 0.0024 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Chrysene = 0.051 0.0510 1 0.001 0.0012 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
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M24412SF 0.5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24412SF 2 12/29/2009 SO Chrysene = 0.13 0.1300 1 0.001 0.012 0.05 MG/KG
M24412SF 2 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24412SF 5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24412SF 5 12/29/2009 SO Chrysene ND 0 0.2400 0 0.001 0.24 1 MG/KG
M24412SF 10 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24412SF 10 12/29/2009 SO Chrysene ND 0 0.2400 0 0.001 0.24 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Chrysene = 0.073 0.0730 1 0.001 0.0047 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24426SB (First) 5 9/17/2009 SO Chrysene = 0.28 0.2800 1 0.001 0.0047 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Chrysene = 0.07 0.0700 1 0.001 0.0047 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Chrysene = 0.12 0.1200 1 0.001 0.0047 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24426SF (First) 5 9/17/2009 SO Chrysene = 0.1 0.1000 1 0.001 0.024 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24433SB 2 9/15/2009 SO Chrysene = 0.27 0.2700 1 0.001 0.024 0.1 MG/KG
M24433SB 2 9/15/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
M24433SB 5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24433SB 5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24433SB 10 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24433SB 10 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24433SF 0.5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24433SF 5 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24433SF 5 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24433SF 10 9/15/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24433SF 10 9/15/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24506SB (3rd) 8 04/05/2010 15:15Soil Chrysene ND 0 400.0000 0 0.001 400 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Chrysene ND 0 400.0000 0 0.001 400 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Chrysene = 0.0077 0.0077 1 0.001 0.0012 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24517SF 2 10/5/2009 SO Chrysene = 0.056 0.0560 1 0.001 0.0012 0.005 MG/KG
M24517SF 2 10/5/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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M24517SF 5 10/5/2009 SO Chrysene = 0.36 0.3600 1 0.001 0.0047 0.02 MG/KG
M24517SF 5 10/5/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
M24517SF 10 10/5/2009 SO Chrysene = 0.0051 0.0051 1 0.001 0.0012 0.005 MG/KG
M24517SF 10 10/5/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24532SB 2 10/2/2009 SO Chrysene = 0.032 0.0320 1 0.001 0.0047 0.02 MG/KG
M24532SB 2 10/2/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24532SB 5 10/2/2009 SO Chrysene ND 0 0.1200 0 0.001 0.12 0.5 MG/KG
M24532SB 5 10/2/2009 SO Chrysene ND 0 2.2000 0 0.001 2.2 10 MG/KG
M24532SB 10 10/2/2009 SO Chrysene ND 0 0.4700 0 0.001 0.47 2 MG/KG
M24532SB 10 10/2/2009 SO Chrysene ND 0 2.2000 0 0.001 2.2 10 MG/KG
M24532SF 0.5 10/2/2009 SO Chrysene = 0.065 0.0650 1 0.001 0.0047 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24532SF 2 10/2/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
M24532SF 2 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24532SF 5 10/2/2009 SO Chrysene = 0.023 0.0230 1 0.001 0.0047 0.02 MG/KG
M24532SF 5 10/2/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24532SF 10 10/2/2009 SO Chrysene ND 0 0.0950 0 0.001 0.095 0.4 MG/KG
M24532SF 10 10/2/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Chrysene = 0.015 0.0150 1 0.001 0.0012 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Chrysene = 0.022 0.0220 1 0.001 0.0012 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Chrysene = 0.025 0.0250 1 0.001 0.0012 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Chrysene = 0.027 0.0270 1 0.001 0.0012 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
M24603SB 2 1/15/2010 SO Chrysene = 0.04 0.0400 1 0.001 0.0024 0.01 MG/KG
M24603SB 2 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 2 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 2 1/15/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24603SB 5 1/15/2010 SO Chrysene = 0.031 0.0310 1 0.001 0.0024 0.01 MG/KG
M24603SB 5 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 5 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 5 1/15/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
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M24603SB 5 9/23/2009 SO Chrysene = 0.0054 0.0054 1 0.001 0.0012 0.005 MG/KG
M24603SB 5 9/23/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB 10 9/23/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB 10 9/23/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Chrysene = 0.015 0.0150 1 0.001 0.0012 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB2 2 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB3 0.5 1/15/2010 SO Chrysene = 0.025 0.0250 1 0.001 0.0012 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Chrysene = 0.04 0.0400 1 0.001 0.0024 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24603SB3 5 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB3 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Chrysene = 0.022 0.0220 1 0.001 0.0012 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB4 2 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Chrysene = 0.031 0.0310 1 0.001 0.0024 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24603SB4 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Chrysene = 0.019 0.0190 1 0.001 0.0012 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Chrysene = 0.026 0.0260 1 0.001 0.0024 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24603SF 0.5 9/23/2009 SO Chrysene = 0.036 0.0360 1 0.001 0.0059 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
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M24603SF 2 1/15/2010 SO Chrysene = 0.011 0.0110 1 0.001 0.0012 0.005 MG/KG
M24603SF 2 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 5 1/15/2010 SO Chrysene = 0.15 0.1500 1 0.001 0.012 0.05 MG/KG
M24603SF 5 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF 5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 5 1/15/2010 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
M24603SF 5 9/23/2009 SO Chrysene = 2.6 2.6000 1 0.001 0.095 0.4 MG/KG
M24603SF 5 9/23/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
M24603SF 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF 10 9/23/2009 SO Chrysene = 0.019 0.0190 1 0.001 0.0012 0.005 MG/KG
M24603SF 10 9/23/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Chrysene = 0.026 0.0260 1 0.001 0.0024 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
M24603SF2 2 1/15/2010 SO Chrysene = 0.011 0.0110 1 0.001 0.0012 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF3 0.5 1/15/2010 SO Chrysene = 0.019 0.0190 1 0.001 0.0012 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
M24603SF3 5 1/15/2010 SO Chrysene = 0.15 0.1500 1 0.001 0.012 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
M24603SF3 10 1/15/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
MA-SV-04 5 8/4/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
MA-SV-04 10 8/4/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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MA-SV-04A 10 1/6/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-08A 10 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Chrysene ND 0 0.4500 0 0.001 0.45 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MA-SV-11 10 8/3/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MW-03 7/28/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MW-05 10 7/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
MW-06 10 7/27/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24422SB 5 9/17/2009 SO Chrysene = 0.24 0.2400 1 0.001 0.0047 0.02 MG/KG
N24422SB 5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24422SB 10 9/17/2009 SO Chrysene = 0.11 0.1100 1 0.001 0.0047 0.02 MG/KG
N24422SB 10 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Chrysene = 0.076 0.0760 1 0.001 0.0047 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24422SF 5 9/17/2009 SO Chrysene = 0.085 0.0850 1 0.001 0.0047 0.02 MG/KG
N24422SF 5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24422SF 10 9/17/2009 SO Chrysene = 0.16 0.1600 1 0.001 0.0047 0.02 MG/KG
N24422SF 10 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24426SB 0.5 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24426SB 5 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24426SB 5 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24426SB 10 9/16/2009 SO Chrysene = 0.045 0.0450 1 0.001 0.0047 0.02 MG/KG
N24426SB 10 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24426SF 0.5 9/16/2009 SO Chrysene = 0.044 0.0440 1 0.001 0.0047 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24426SF 5 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24426SF 5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24426SF 10 9/16/2009 SO Chrysene = 0.33 0.3300 1 0.001 0.024 0.1 MG/KG
N24426SF 10 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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N24502SB 0.5 9/22/2009 SO Chrysene ND 0 0.0059 0 0.001 0.0059 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24502SB 5 9/22/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24502SB 5 9/22/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24502SB 10 9/22/2009 SO Chrysene = 0.17 0.1700 1 0.001 0.0059 0.025 MG/KG
N24502SB 10 9/22/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24502SF 0.5 9/22/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24502SF 5 9/22/2009 SO Chrysene = 0.028 0.0280 1 0.001 0.0012 0.005 MG/KG
N24502SF 5 9/22/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24502SF 10 9/22/2009 SO Chrysene = 0.046 0.0460 1 0.001 0.0012 0.005 MG/KG
N24502SF 10 9/22/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24523SB 0.5 3/29/2010 SO Chrysene = 0.026 0.0260 1 0.001 0.0059 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24523SB 2 3/29/2010 SO Chrysene = 0.15 0.1500 1 0.001 0.0059 0.025 MG/KG
N24523SB 2 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24523SB 5 3/29/2010 SO Chrysene = 0.29 0.2900 1 0.001 0.059 0.25 MG/KG
N24523SB 5 3/29/2010 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24523SB 10 3/29/2010 SO Chrysene = 0.039 0.0390 1 0.001 0.0059 0.025 MG/KG
N24523SB 10 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Chrysene = 0.0056 0.0056 1 0.001 0.0012 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24523SF 2 3/29/2010 SO Chrysene = 0.065 0.0650 1 0.001 0.0059 0.025 MG/KG
N24523SF 2 3/29/2010 SO Chrysene = 0.12 0.1200 1 0.001 0.11 0.5 MG/KG
N24523SF 3.6 03/29/2010 09:11Soil Chrysene ND 0 40.0000 0 0.001 40 600 ug/kg
N24523SF 5 3/29/2010 SO Chrysene = 0.02 0.0200 1 0.001 0.0059 0.025 MG/KG
N24523SF 5 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24523SF 10 3/29/2010 SO Chrysene = 0.12 0.1200 1 0.001 0.11 0.5 MG/KG
N24523SF 10 3/29/2010 SO Chrysene = 0.16 0.1600 1 0.001 0.024 0.1 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Chrysene = 0.052 0.0520 1 0.001 0.0047 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Chrysene = 0.12 0.1200 1 0.001 0.0047 0.02 MG/KG
N24632SF (Second 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Chrysene = 0.14 0.1400 1 0.001 0.024 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Chrysene = 0.058 0.0580 1 0.001 0.0047 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Chrysene = 0.97 0.9700 1 0.001 0.024 0.1 MG/KG
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N24703SB (First) 8 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Chrysene = 0.17 0.1700 1 0.001 0.024 0.1 MG/KG
N24703SF (First) 5 9/18/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Chrysene = 0.99 0.9900 1 0.001 0.024 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Chrysene ND 0 400.0000 0 0.001 400 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Chrysene = 0.034 0.0340 1 0.001 0.0047 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24725SB 5 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24725SB 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24725SB 10 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24725SB 10 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Chrysene = 0.025 0.0250 1 0.001 0.0047 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24725SF 5 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24725SF 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24725SF 10 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24725SF 10 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24729SB 5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24729SB 5 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24729SB 10 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24729SB 10 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24729SF 0.5 9/17/2009 SO Chrysene = 0.17 0.1700 1 0.001 0.0047 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24729SF 5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24729SF 5 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24729SF 10 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24729SF 10 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24738SB 0.5 9/21/2009 SO Chrysene = 0.022 0.0220 1 0.001 0.0047 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24738SB 5 9/21/2009 SO Chrysene = 0.064 0.0640 1 0.001 0.0047 0.02 MG/KG
N24738SB 5 9/21/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24738SB 10 9/21/2009 SO Chrysene = 1.4 1.4000 1 0.001 0.12 0.5 MG/KG
N24738SB 10 9/21/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
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N24738SF 0.5 9/21/2009 SO Chrysene = 0.29 0.2900 1 0.001 0.024 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24738SF 5 9/21/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24738SF 5 9/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24738SF 10 9/21/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
N24738SF 10 9/21/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Chrysene = 0.08 0.0800 1 0.001 0.0047 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Chrysene = 0.13 0.1300 1 0.001 0.024 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24815SF 0.5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24815SF 5 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24815SF 5 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24815SF 10 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
N24815SF 10 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Chrysene = 0.042 0.0420 1 0.001 0.0047 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24825SB 5 9/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24825SB 5 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24825SB 10 9/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24825SB 10 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Chrysene = 0.029 0.0290 1 0.001 0.0047 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Chrysene = 0.19 0.1900 1 0.001 0.024 0.1 MG/KG
N24825SF 0.5 9/29/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24825SF 0.5 9/29/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
N24825SF 5 9/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24825SF 5 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24825SF 10 9/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24825SF 10 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Chrysene = 0.025 0.0250 1 0.001 0.0047 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24912SB 5 9/29/2009 SO Chrysene = 0.056 0.0560 1 0.001 0.0047 0.02 MG/KG
N24912SB 5 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24912SB 10 9/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24912SB 10 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Chrysene = 0.022 0.0220 1 0.001 0.0012 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
N24912SF 5 9/29/2009 SO Chrysene = 0.024 0.0240 1 0.001 0.0012 0.005 MG/KG
N24912SF 5 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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N24912SF 10 9/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
N24912SF 10 9/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Chrysene = 0.24 0.2400 1 0.001 0.024 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24406SB 5 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
P24406SB 5 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24406SB 10 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
P24406SB 10 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Chrysene = 0.16 0.1600 1 0.001 0.024 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Chrysene = 0.18 0.1800 1 0.001 0.024 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24406SF 0.5 9/16/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24406SF 5 9/16/2009 SO Chrysene = 0.047 0.0470 1 0.001 0.0047 0.02 MG/KG
P24406SF 5 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24406SF 10 9/16/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
P24406SF 10 9/16/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Chrysene = 0.023 0.0230 1 0.001 0.0012 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24430SF 5 9/30/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24430SF 5 9/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24430SF 10 9/30/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24430SF 10 9/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SB 5 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24502SB 5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SB 10 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24502SB 10 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Chrysene = 0.0089 0.0089 1 0.001 0.0012 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SF 5 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24502SF 5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24502SF 10 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24502SF 10 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Chrysene = 0.014 0.0140 1 0.001 0.0012 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24518SB 5 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24518SB 5 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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P24518SB 10 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24518SB 10 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Chrysene = 0.11 0.1100 1 0.001 0.024 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Chrysene = 0.18 0.1800 1 0.001 0.024 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24518SF 0.5 9/24/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24518SF 5 9/24/2009 SO Chrysene = 0.53 0.5300 1 0.001 0.024 0.1 MG/KG
P24518SF 5 9/24/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24518SF 10 9/24/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24518SF 10 9/24/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Chrysene = 0.28 0.2800 1 0.001 0.024 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24709SB 2 10/2/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
P24709SB 2 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24709SB 4 10/2/2009 SO Chrysene = 4.5 4.5000 1 0.001 0.12 0.5 MG/KG
P24709SB 4 10/2/2009 SO Chrysene ND 0 2.2000 0 0.001 2.2 10 MG/KG
P24709SB 5 10/2/2009 SO Chrysene = 1.1 1.1000 1 0.001 0.024 0.1 MG/KG
P24709SB 5 10/2/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24709SB 7 10/2/2009 SO Chrysene = 4.2 4.2000 1 0.001 0.12 0.5 MG/KG
P24709SB 7 10/2/2009 SO Chrysene ND 0 5.6000 0 0.001 5.6 25 MG/KG
P24709SB 10 10/2/2009 SO Chrysene = 4.6 4.6000 1 0.001 0.12 0.5 MG/KG
P24709SB 10 10/2/2009 SO Chrysene ND 0 2.2000 0 0.001 2.2 10 MG/KG
P24709SF 0.5 10/2/2009 SO Chrysene = 0.63 0.6300 1 0.001 0.024 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24709SF 2 10/2/2009 SO Chrysene = 0.054 0.0540 1 0.001 0.0047 0.02 MG/KG
P24709SF 2 10/2/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24709SF 5 10/2/2009 SO Chrysene = 1.1 1.1000 1 0.001 0.047 0.2 MG/KG
P24709SF 5 10/2/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24709SF 10 10/2/2009 SO Chrysene = 1.2 1.2000 1 0.001 0.024 0.1 MG/KG
P24709SF 10 10/2/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24739SB 0.5 10/9/2009 SO Chrysene = 0.19 0.1900 1 0.001 0.0047 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24739SB 2 10/9/2009 SO Chrysene = 0.065 0.0650 1 0.001 0.0012 0.005 MG/KG
P24739SB 2 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24739SB 5 10/9/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
P24739SB 5 10/9/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24739SB 10 10/9/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24739SB 10 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Chrysene = 0.012 0.0120 1 0.001 0.0012 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG



PAHs in Soil at Former Shell Site in Carson, CA

Page 96 of 142

FieldPointID Depth Date_ 
Sampled MATRIX Compound Result_Q

ual
Result_V

alue Result for ProUCL ND(0), 
D(1) BaP TEF Limit_Detect Limit_ 

Report UNITS

P24739SF 2 10/9/2009 SO Chrysene = 0.06 0.0600 1 0.001 0.0012 0.005 MG/KG
P24739SF 2 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24739SF 5 10/9/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24739SF 5 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24739SF 10 10/9/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24739SF 10 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24809SB 0.5 10/13/2009 SO Chrysene = 0.044 0.0440 1 0.001 0.0087 0.032 MG/KG
P24809SB 0.5 10/13/2009 SO Chrysene = 0.11 0.1100 1 0.001 0.0047 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24809SB 2 10/13/2009 SO Chrysene = 0.019 0.0190 1 0.001 0.0012 0.005 MG/KG
P24809SB 2 10/13/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.034 MG/KG
P24809SB 2 10/13/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24809SB 5 10/13/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.033 MG/KG
P24809SB 5 10/13/2009 SO Chrysene ND 0 0.0950 0 0.001 0.095 0.4 MG/KG
P24809SB 5 10/13/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24809SB 10 10/13/2009 SO Chrysene = 0.78 0.7800 1 0.001 0.047 0.2 MG/KG
P24809SB 10 10/13/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.14 MG/KG
P24809SB 10 10/13/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24809SF 0.5 10/13/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.032 MG/KG
P24809SF 0.5 10/13/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24809SF 2 10/13/2009 SO Chrysene = 0.1 0.1000 1 0.001 0.0047 0.02 MG/KG
P24809SF 2 10/13/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.033 MG/KG
P24809SF 2 10/13/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24809SF 5 10/13/2009 SO Chrysene = 0.85 0.8500 1 0.001 0.0087 0.17 MG/KG
P24809SF 5 10/13/2009 SO Chrysene ND 0 0.2400 0 0.001 0.24 1 MG/KG
P24809SF 5 10/13/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24809SF 10 10/13/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.13 MG/KG
P24809SF 10 10/13/2009 SO Chrysene ND 0 0.0120 0 0.001 0.012 0.05 MG/KG
P24809SF 10 10/13/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Chrysene = 0.047 0.0470 1 0.001 0.0024 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24823SB 2 1/4/2010 SO Chrysene = 0.035 0.0350 1 0.001 0.0059 0.025 MG/KG
P24823SB 2 1/4/2010 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24823SB 5 1/4/2010 SO Chrysene = 0 0.0130 0 0.001 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
P24823SB 5 1/4/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24823SB 10 1/4/2010 SO Chrysene = 0.28 0.2800 1 0.001 0.0059 0.025 MG/KG
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P24823SB 10 1/4/2010 SO Chrysene = 0.28 0.2800 1 0.001 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Chrysene = 0.6 0.6000 1 0.001 0.11 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Chrysene = 0.032 0.0320 1 0.001 0.0012 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24823SF 2 1/4/2010 SO Chrysene = 0 0.0130 0 0.001 0.013 0.5 MG/KG
P24823SF 2 1/4/2010 SO Chrysene = 0.31 0.3100 1 0.001 0.059 0.25 MG/KG
P24823SF 2 1/4/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24823SF 5 1/4/2010 SO Chrysene = 0.22 0.2200 1 0.001 0.0059 0.025 MG/KG
P24823SF 5 1/4/2010 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24823SF 10 1/4/2010 SO Chrysene = 0 0.0130 0 0.001 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Chrysene = 0.34 0.3400 1 0.001 0.024 0.1 MG/KG
P24823SF 10 1/4/2010 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
P24838SB 0.5 9/21/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
P24838SB 5 9/21/2009 SO Chrysene = 0.12 0.1200 1 0.001 0.024 0.1 MG/KG
P24838SB 5 9/21/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24838SB 10 9/21/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
P24838SB 10 9/21/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Chrysene = 0.16 0.1600 1 0.001 0.024 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
P24838SF 5 9/21/2009 SO Chrysene = 1.7 1.7000 1 0.001 0.024 0.1 MG/KG
P24838SF 5 9/21/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
P24838SF 10 9/21/2009 SO Chrysene = 0.023 0.0230 1 0.001 0.0047 0.02 MG/KG
P24838SF 10 9/21/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Chrysene ND 0 0.2400 0 0.001 0.24 1 MG/KG
R24402SB 0.5 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24402SB 2 10/1/2009 SO Chrysene ND 0 0.0950 0 0.001 0.095 0.4 MG/KG
R24402SB 2 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24402SB 5 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24402SB 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24402SB 10 10/1/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24402SB 10 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24402SF 0.5 10/1/2009 SO Chrysene = 0.19 0.1900 1 0.001 0.0047 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24402SF 1 10/1/2009 SO Chrysene ND 0 0.0950 0 0.001 0.095 0.4 MG/KG
R24402SF 1 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24402SF 2 10/1/2009 SO Chrysene = 0.068 0.0680 1 0.001 0.0047 0.02 MG/KG
R24402SF 2 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
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R24402SF 5 10/1/2009 SO Chrysene = 0.077 0.0770 1 0.001 0.0047 0.02 MG/KG
R24402SF 5 10/1/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24402SF 10 10/1/2009 SO Chrysene ND 0 0.2400 0 0.001 0.24 1 MG/KG
R24402SF 10 10/1/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Chrysene = 0.09 0.0900 1 0.001 0.0047 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24416SB 5 9/18/2009 SO Chrysene = 0.21 0.2100 1 0.001 0.024 0.1 MG/KG
R24416SB 5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24416SB 10 9/18/2009 SO Chrysene = 0.053 0.0530 1 0.001 0.0047 0.02 MG/KG
R24416SB 10 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Chrysene = 0.021 0.0210 1 0.001 0.0047 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24416SF 5 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24416SF 5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24416SF 10 9/18/2009 SO Chrysene = 0.58 0.5800 1 0.001 0.024 0.1 MG/KG
R24416SF 10 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24419SB 5 9/18/2009 SO Chrysene = 0.026 0.0260 1 0.001 0.0047 0.02 MG/KG
R24419SB 5 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24419SB 10 9/18/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24419SB 10 9/18/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Chrysene ND 0 0.0240 0 0.001 0.024 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24419SF 5 9/18/2009 SO Chrysene = 0.21 0.2100 1 0.001 0.024 0.1 MG/KG
R24419SF 5 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24419SF 10 9/18/2009 SO Chrysene = 0.18 0.1800 1 0.001 0.024 0.1 MG/KG
R24419SF 10 9/18/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24423SB 0.5 9/23/2009 SO Chrysene = 0.016 0.0160 1 0.001 0.0012 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24423SB 5 9/23/2009 SO Chrysene = 0.26 0.2600 1 0.001 0.012 0.05 MG/KG
R24423SB 5 9/23/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24423SB 10 9/23/2009 SO Chrysene = 0.18 0.1800 1 0.001 0.012 0.05 MG/KG
R24423SB 10 9/23/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Chrysene = 0.0056 0.0056 1 0.001 0.0012 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Chrysene ND 0 0.2400 0 0.001 0.24 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Chrysene = 0.21 0.2100 1 0.001 0.012 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
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R24523SF 0.5 11/7/2009 SO Chrysene = 0.15 0.1500 1 0.001 0.0047 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Chrysene ND 0 0.4500 0 0.001 0.45 2 MG/KG
R24523SF 2 11/7/2009 SO Chrysene = 0.087 0.0870 1 0.001 0.0047 0.02 MG/KG
R24523SF 2 11/7/2009 SO Chrysene ND 0 0.4500 0 0.001 0.45 2 MG/KG
R24523SF 5 11/7/2009 SO Chrysene = 0.34 0.3400 1 0.001 0.0095 0.04 MG/KG
R24523SF 5 11/7/2009 SO Chrysene ND 0 0.4500 0 0.001 0.45 2 MG/KG
R24523SF 10 11/7/2009 SO Chrysene = 0.15 0.1500 1 0.001 0.0047 0.02 MG/KG
R24523SF 10 11/7/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24603SB 5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24603SB 5 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24603SB 10 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24603SB 10 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24603SF 5 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24603SF 5 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24603SF 10 9/17/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24603SF 10 9/17/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Chrysene ND 0 40.0000 0 0.001 40 600 ug/kg
R24613SB 0.5 12/29/2009 SO Chrysene = 0.052 0.0520 1 0.001 0.012 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24613SB 2 12/29/2009 SO Chrysene ND 0 0.0120 0 0.001 0.012 0.05 MG/KG
R24613SB 2 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
R24613SB 5 12/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24613SB 5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24613SB 10 12/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24613SB 10 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Chrysene = 0.0054 0.0054 1 0.001 0.0012 0.005 MG/KG
R24613SF 0.5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24613SF 2 12/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24613SF 2 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24613SF 5 12/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
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R24613SF 5 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24613SF 10 12/29/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24613SF 10 12/29/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Chrysene ND 0 0.0047 0 0.001 0.0047 0.02 MG/KG
R24700SB 0.5 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.035 MG/KG
R24700SB 0.5 10/9/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
R24700SB 2 10/9/2009 SO Chrysene = 0.19 0.1900 1 0.001 0.024 0.1 MG/KG
R24700SB 2 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.14 MG/KG
R24700SB 2 10/9/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
R24700SB 5 10/9/2009 SO Chrysene = 0.17 0.1700 1 0.001 0.0047 0.02 MG/KG
R24700SB 5 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.13 MG/KG
R24700SB 5 10/9/2009 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
R24700SB 10 10/9/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24700SB 10 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.034 MG/KG
R24700SB 10 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Chrysene = 0.29 0.2900 1 0.001 0.0087 0.14 MG/KG
R24700SF 0.5 10/9/2009 SO Chrysene = 0.59 0.5900 1 0.001 0.047 0.2 MG/KG
R24700SF 0.5 10/9/2009 SO Chrysene ND 0 2.2000 0 0.001 2.2 10 MG/KG
R24700SF 2 10/9/2009 SO Chrysene = 0.04 0.0400 1 0.001 0.0047 0.02 MG/KG
R24700SF 2 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.13 MG/KG
R24700SF 2 10/9/2009 SO Chrysene ND 0 0.5600 0 0.001 0.56 2.5 MG/KG
R24700SF 5 10/9/2009 SO Chrysene = 0.0064 0.0064 1 0.001 0.0012 0.005 MG/KG
R24700SF 5 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.13 MG/KG
R24700SF 5 10/9/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24700SF 10 10/9/2009 SO Chrysene = 0.03 0.0300 1 0.001 0.0047 0.02 MG/KG
R24700SF 10 10/9/2009 SO Chrysene ND 0 0.0087 0 0.001 0.0087 0.034 MG/KG
R24700SF 10 10/9/2009 SO Chrysene ND 0 0.2200 0 0.001 0.22 1 MG/KG
R24712SB 0.5 12/30/2009 SO Chrysene = 0.015 0.0150 1 0.001 0.0012 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SB 2 12/30/2009 SO Chrysene = 0.14 0.1400 1 0.001 0.0059 0.025 MG/KG
R24712SB 2 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
R24712SB 2 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SB 5 12/30/2009 SO Chrysene = 0.097 0.0970 1 0.001 0.0059 0.025 MG/KG
R24712SB 5 12/30/2009 SO Chrysene = 0.48 0.4800 1 0.001 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SB 10 12/30/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24712SB 10 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
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R24712SB 10 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Chrysene = 0.015 0.0150 1 0.001 0.0012 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SF 2 12/30/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24712SF 2 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.25 MG/KG
R24712SF 2 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SF 5 12/30/2009 SO Chrysene = 0.04 0.0400 1 0.001 0.0024 0.01 MG/KG
R24712SF 5 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24712SF 10 12/30/2009 SO Chrysene ND 0 0.0012 0 0.001 0.0012 0.005 MG/KG
R24712SF 10 12/30/2009 SO Chrysene ND 0 0.0130 0 0.001 0.013 0.025 MG/KG
R24712SF 10 12/30/2009 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Chrysene = 0.096 0.0960 1 0.001 0.0059 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Chrysene ND 0 1.1000 0 0.001 1.1 5 MG/KG
R24733SB 2 3/29/2010 SO Chrysene = 0.022 0.0220 1 0.001 0.0012 0.005 MG/KG
R24733SB 2 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SB 5 3/29/2010 SO Chrysene = 0.0021 0.0021 1 0.001 0.0012 0.005 MG/KG
R24733SB 5 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SB 10 3/29/2010 SO Chrysene = 0.0035 0.0035 1 0.001 0.0012 0.005 MG/KG
R24733SB 10 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Chrysene = 0.011 0.0110 1 0.001 0.0059 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SF 2 3/29/2010 SO Chrysene = 0.009 0.0090 1 0.001 0.0012 0.005 MG/KG
R24733SF 2 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SF 5 3/29/2010 SO Chrysene = 0.0054 0.0054 1 0.001 0.0012 0.005 MG/KG
R24733SF 5 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24733SF 10 3/29/2010 SO Chrysene = 0.0019 0.0019 1 0.001 0.0012 0.005 MG/KG
R24733SF 10 3/29/2010 SO Chrysene ND 0 0.1100 0 0.001 0.11 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Chrysene ND 0 800.0000 0 0.001 800 12000 ug/kg
244-311SB 0.5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SB 2 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
244-311SB 2 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SB 5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
244-311SB 5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SB 10 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
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244-311SB 10 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SF 2 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
244-311SF 2 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SF 5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
244-311SF 5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-311SF 10 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
244-311SF 10 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-351SB 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-351SB 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-351SB 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-351SB 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-351SF 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-351SF 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-351SF 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-351SF 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-361SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-361SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-361SB 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SB 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-361SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-361SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-361SF 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
244-361SF 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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244-SV-03A 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
244-SV-05 1 7/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
244-SV-05 5 7/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
244-SV-05 10 7/30/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05B 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
244-SV-05C 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05D 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05F 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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247-SV-02A 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
249-345SB 0.5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
249-345SB 5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-345SB 5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-345SB 10 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-345SB 10 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-345SF 0.5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
249-345SF 5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
249-345SF 5 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
249-345SF 10 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-345SF 10 9/25/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-352SB 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
249-352SB 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-352SB 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-352SB 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-352SB 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-352SF 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
249-352SF 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
249-352SF 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-352SF 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-352SF 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-412SB 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-412SB 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
249-412SB 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
249-412SB 5 10/2/2009 SO Dibenzo(a,h)anthracene = 0.028 0.0280 1 1 0.0027 0.02 MG/KG
249-412SB 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
249-412SB 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-412SB 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
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249-412SF 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
249-412SF 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
249-412SF 5 10/2/2009 SO Dibenzo(a,h)anthracene = 0.013 0.0130 1 1 0.0007 0.005 MG/KG
249-412SF 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
249-412SF 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
249-412SF 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-1 2 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-1 5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-1 10 6/10/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-10 2 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-10 5 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-10 10 6/12/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-2 2 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-2 5 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-2 10 6/10/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-3 2 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-3 5 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-3 10 6/12/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-4 1.5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-4 5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-4 10 6/10/2009 SO Dibenzo(a,h)anthracene ND 0 4.0000 0 1 4 10 MG/KG
DP-5 2 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-5 5 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-5 10 6/11/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-6 3 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-6 5 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-6 10 6/12/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-7 5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-7 10 6/10/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-8 1.5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-8 5 6/8/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
DP-9 2 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
DP-9 5 6/9/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
DP-9 10 6/11/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
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M24412SB (First) 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
M24412SF 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24412SF 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
M24412SF 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24412SF 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.1300 0 1 0.13 1 MG/KG
M24412SF 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24412SF 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.1300 0 1 0.13 1 MG/KG
M24412SF 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24426SB (First) 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24426SF (First) 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24433SB 2 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
M24433SB 2 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
M24433SB 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24433SB 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24433SB 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24433SB 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24433SF 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24433SF 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24433SF 5 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24433SF 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24433SF 10 9/15/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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M24506SB (3rd) 8 04/05/2010 15:15Soil Dibenzo(a,h)anthracene ND 0 500.0000 0 1 500 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Dibenzo(a,h)anthracene ND 0 500.0000 0 1 500 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24517SF 2 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24517SF 2 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24517SF 5 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24517SF 5 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
M24517SF 10 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24517SF 10 10/5/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24532SB 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24532SB 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24532SB 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0670 0 1 0.067 0.5 MG/KG
M24532SB 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 4.0000 0 1 4 10 MG/KG
M24532SB 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.2700 0 1 0.27 2 MG/KG
M24532SB 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 4.0000 0 1 4 10 MG/KG
M24532SF 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24532SF 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24532SF 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24532SF 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
M24532SF 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24532SF 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0540 0 1 0.054 0.4 MG/KG
M24532SF 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24603SB 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24603SB 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
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M24603SB 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24603SB 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24603SB 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB2 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB3 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24603SB3 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB3 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB4 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24603SB4 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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M24603SF 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24603SF 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
M24603SF 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
M24603SF 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
M24603SF 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0540 0 1 0.054 0.4 MG/KG
M24603SF 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
M24603SF 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
M24603SF2 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF3 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
M24603SF3 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
M24603SF3 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
MA-SV-04 5 8/4/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
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MA-SV-04 10 8/4/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-08A 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 0.8100 0 1 0.81 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MA-SV-11 10 8/3/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MW-03 7/28/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MW-05 10 7/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
MW-06 10 7/27/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24422SB 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24422SB 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24422SB 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24422SB 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24422SF 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24422SF 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24422SF 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24422SF 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24426SB 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24426SB 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24426SB 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24426SB 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24426SB 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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N24426SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24426SF 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24426SF 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24426SF 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24426SF 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24502SB 0.5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24502SB 5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24502SB 5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24502SB 10 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
N24502SB 10 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24502SF 0.5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24502SF 5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24502SF 5 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24502SF 10 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24502SF 10 9/22/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24523SB 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24523SB 2 3/29/2010 SO Dibenzo(a,h)anthracene = 0.013 0.0130 1 1 0.0034 0.025 MG/KG
N24523SB 2 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24523SB 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0340 0 1 0.034 0.25 MG/KG
N24523SB 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24523SB 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
N24523SB 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24523SF 2 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
N24523SF 2 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24523SF 3.6 03/29/2010 09:11Soil Dibenzo(a,h)anthracene ND 0 50.0000 0 1 50 600 ug/kg
N24523SF 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
N24523SF 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24523SF 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24523SF 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
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N24632SF (Second 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24703SB (First) 8 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24703SF (First) 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Dibenzo(a,h)anthracene ND 0 500.0000 0 1 500 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24725SB 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24725SB 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24725SB 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24725SB 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24725SF 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24725SF 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24725SF 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24725SF 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24729SB 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24729SB 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24729SB 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24729SB 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24729SF 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24729SF 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24729SF 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24729SF 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24729SF 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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N24738SB 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24738SB 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24738SB 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24738SB 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0670 0 1 0.067 0.5 MG/KG
N24738SB 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24738SF 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24738SF 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24738SF 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24738SF 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24738SF 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24815SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24815SF 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24815SF 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24815SF 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24815SF 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24825SB 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24825SB 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24825SB 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24825SB 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
N24825SF 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24825SF 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
N24825SF 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24825SF 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24825SF 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24825SF 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24912SB 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
N24912SB 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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N24912SB 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24912SB 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24912SF 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24912SF 5 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
N24912SF 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
N24912SF 10 9/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24406SB 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24406SB 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24406SB 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24406SB 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24406SF 0.5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24406SF 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24406SF 5 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24406SF 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24406SF 10 9/16/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24430SF 5 9/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24430SF 5 9/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24430SF 10 9/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24430SF 10 9/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24502SB 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SB 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24502SB 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SB 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24502SF 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SF 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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P24502SF 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24502SF 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24518SB 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24518SB 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24518SB 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24518SB 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24518SF 0.5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24518SF 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24518SF 5 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24518SF 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24518SF 10 9/24/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24709SB 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24709SB 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24709SB 4 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0670 0 1 0.067 0.5 MG/KG
P24709SB 4 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 4.0000 0 1 4 10 MG/KG
P24709SB 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24709SB 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24709SB 7 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0670 0 1 0.067 0.5 MG/KG
P24709SB 7 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 10.0000 0 1 10 25 MG/KG
P24709SB 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0670 0 1 0.067 0.5 MG/KG
P24709SB 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 4.0000 0 1 4 10 MG/KG
P24709SF 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24709SF 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24709SF 2 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24709SF 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0270 0 1 0.027 0.2 MG/KG
P24709SF 5 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24709SF 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24709SF 10 10/2/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24739SB 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24739SB 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24739SB 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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P24739SB 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24739SB 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24739SB 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24739SB 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24739SF 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24739SF 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24739SF 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24739SF 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24739SF 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24739SF 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24809SB 0.5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.032 MG/KG
P24809SB 0.5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24809SB 2 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24809SB 2 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.034 MG/KG
P24809SB 2 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24809SB 5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.033 MG/KG
P24809SB 5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0540 0 1 0.054 0.4 MG/KG
P24809SB 5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24809SB 10 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.14 MG/KG
P24809SB 10 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0270 0 1 0.027 0.2 MG/KG
P24809SB 10 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24809SF 0.5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.032 MG/KG
P24809SF 0.5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24809SF 2 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24809SF 2 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.033 MG/KG
P24809SF 2 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24809SF 5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.17 MG/KG
P24809SF 5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.1300 0 1 0.13 1 MG/KG
P24809SF 5 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24809SF 10 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
P24809SF 10 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.13 MG/KG
P24809SF 10 10/13/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24823SB 2 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
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P24823SB 2 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24823SB 5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24823SB 5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24823SB 10 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
P24823SB 10 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24823SF 2 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
P24823SF 2 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0340 0 1 0.034 0.25 MG/KG
P24823SF 2 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24823SF 5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
P24823SF 5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24823SF 10 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24823SF 10 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
P24838SB 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
P24838SB 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24838SB 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24838SB 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24838SB 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
P24838SF 5 9/21/2009 SO Dibenzo(a,h)anthracene = 0.064 0.0640 1 1 0.0027 0.02 MG/KG
P24838SF 5 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
P24838SF 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
P24838SF 10 9/21/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.1300 0 1 0.13 1 MG/KG
R24402SB 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24402SB 2 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0540 0 1 0.054 0.4 MG/KG
R24402SB 2 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24402SB 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24402SB 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24402SB 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24402SB 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
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R24402SF 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24402SF 1 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0540 0 1 0.054 0.4 MG/KG
R24402SF 1 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24402SF 2 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24402SF 2 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24402SF 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24402SF 5 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24402SF 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 0.1300 0 1 0.13 1 MG/KG
R24402SF 10 10/1/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24416SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
R24416SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24416SB 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24416SB 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24416SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24416SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24416SF 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
R24416SF 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24419SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24419SB 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24419SB 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24419SB 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24419SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
R24419SF 5 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24419SF 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
R24419SF 10 9/18/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24423SB 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24423SB 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
R24423SB 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24423SB 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
R24423SB 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
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R24423SF (First) 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.1300 0 1 0.13 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24523SF 0.5 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.8100 0 1 0.81 2 MG/KG
R24523SF 2 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24523SF 2 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.8100 0 1 0.81 2 MG/KG
R24523SF 5 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.0054 0 1 0.0054 0.04 MG/KG
R24523SF 5 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.8100 0 1 0.81 2 MG/KG
R24523SF 10 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24523SF 10 11/7/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24603SB 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24603SB 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24603SB 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24603SB 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24603SF 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24603SF 5 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24603SF 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24603SF 10 9/17/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Dibenzo(a,h)anthracene ND 0 50.0000 0 1 50 600 ug/kg
R24613SB 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24613SB 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0067 0 1 0.0067 0.05 MG/KG
R24613SB 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
R24613SB 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24613SB 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24613SB 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24613SB 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
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R24613SF 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24613SF 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24613SF 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24613SF 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24613SF 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24613SF 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24613SF 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24700SB 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.035 MG/KG
R24700SB 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
R24700SB 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.1 MG/KG
R24700SB 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.14 MG/KG
R24700SB 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
R24700SB 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24700SB 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.13 MG/KG
R24700SB 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
R24700SB 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24700SB 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.034 MG/KG
R24700SB 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.14 MG/KG
R24700SF 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0270 0 1 0.027 0.2 MG/KG
R24700SF 0.5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 4.0000 0 1 4 10 MG/KG
R24700SF 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24700SF 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.13 MG/KG
R24700SF 2 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 1.0000 0 1 1 2.5 MG/KG
R24700SF 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24700SF 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.13 MG/KG
R24700SF 5 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24700SF 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0027 0 1 0.0027 0.02 MG/KG
R24700SF 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.0200 0 1 0.02 0.034 MG/KG
R24700SF 10 10/9/2009 SO Dibenzo(a,h)anthracene ND 0 0.4000 0 1 0.4 1 MG/KG
R24712SB 0.5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SB 2 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
R24712SB 2 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
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R24712SB 2 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SB 5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
R24712SB 5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SB 10 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24712SB 10 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24712SB 10 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SF 2 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24712SF 2 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.25 MG/KG
R24712SF 2 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SF 5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0013 0 1 0.0013 0.01 MG/KG
R24712SF 5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24712SF 10 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24712SF 10 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.0130 0 1 0.013 0.025 MG/KG
R24712SF 10 12/30/2009 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 2.0000 0 1 2 5 MG/KG
R24733SB 2 3/29/2010 SO Dibenzo(a,h)anthracene = 0.0026 0.0026 1 1 0.0007 0.005 MG/KG
R24733SB 2 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SB 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24733SB 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SB 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24733SB 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0034 0 1 0.0034 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SF 2 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24733SF 2 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SF 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24733SF 5 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24733SF 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.0007 0 1 0.0007 0.005 MG/KG
R24733SF 10 3/29/2010 SO Dibenzo(a,h)anthracene ND 0 0.2000 0 1 0.2 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Dibenzo(a,h)anthracene ND 0 1000.0000 0 1 1000 12000 ug/kg
244-311SB 0.5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
244-311SB 0.5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 0.5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SB 2 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
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244-311SB 2 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 2 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SB 5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
244-311SB 5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SB 10 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
244-311SB 10 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
244-311SB 10 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
244-311SF 0.5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
244-311SF 0.5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SF 2 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
244-311SF 2 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
244-311SF 2 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SF 5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
244-311SF 5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
244-311SF 5 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-311SF 10 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
244-311SF 10 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.13 MG/KG
244-311SF 10 12/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-351SB 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-351SB 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-351SB 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-351SB 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-351SB 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-351SB 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-351SF 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-351SF 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-351SF 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-351SF 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-351SF 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-351SF 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-361SB 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SB 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-361SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-361SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-361SB 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SB 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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244-361SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-361SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-361SF 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
244-361SF 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-03A 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-03A 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-03A 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-03B 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-03B 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-03B 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
244-SV-05 1 7/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
244-SV-05 5 7/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
244-SV-05 10 7/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-05A 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05A 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05A 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05B 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-05B 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-05B 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-05C 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
244-SV-05C 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-05C 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05D 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
244-SV-05D 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05D 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05E 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05E 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05F 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05F 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05F 9 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05G 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05G 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05G 8 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05H 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05H 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05H 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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244-SV-05H 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05I 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05I 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
244-SV-05I 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
247-SV-02A 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
247-SV-02A 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
247-SV-02A 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
247-SV-02B 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
247-SV-02B 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
247-SV-02B 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
249-345SB 0.5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
249-345SB 0.5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
249-345SB 0.5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
249-345SB 5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-345SB 5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-345SB 10 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-345SB 10 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-345SF 0.5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
249-345SF 0.5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
249-345SF 5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
249-345SF 5 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
249-345SF 10 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-345SF 10 9/25/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-352SB 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
249-352SB 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
249-352SB 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-352SB 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-352SB 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-352SB 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-352SF 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
249-352SF 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
249-352SF 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
249-352SF 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-352SF 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-352SF 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-412SB 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-412SB 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-412SB 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
249-412SB 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
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249-412SB 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
249-412SB 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
249-412SB 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-412SB 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-412SF 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-412SF 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
249-412SF 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
249-412SF 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
249-412SF 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-412SF 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
249-412SF 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
249-412SF 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-1 2 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-1 5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-1 10 6/10/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-10 2 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-10 5 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-10 10 6/12/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
DP-2 2 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-2 5 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-2 10 6/10/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
DP-3 2 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-3 5 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
DP-3 10 6/12/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
DP-4 1.5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-4 5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-4 10 6/10/2009 SO Indeno(1,2,3-cd)pyrene ND 0 4.6000 0 0.1 4.6 10 MG/KG
DP-5 2 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-5 5 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
DP-5 10 6/11/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-6 3 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-6 5 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
DP-6 10 6/12/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-7 1.5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-7 5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-7 10 6/10/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-8 1.5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-8 5 6/8/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
DP-9 2 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
DP-9 5 6/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
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DP-9 10 6/11/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24412SB (First) 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24412SB (First) 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24412SB (First) 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24412SB (First) 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SB (First) 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24412SF 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24412SF 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
M24412SF 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24412SF 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
M24412SF 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24412SF 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.1700 0 0.1 0.17 1 MG/KG
M24412SF 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24412SF 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
M24412SF 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.1700 0 0.1 0.17 1 MG/KG
M24412SF 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24426SB (First) 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24426SB (First) 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24426SB (First) 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24426SF (First) 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24426SF (First) 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
M24426SF (First) 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24433SB 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24433SB 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24433SB 2 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
M24433SB 2 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
M24433SB 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24433SB 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24433SB 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24433SB 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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M24433SF 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24433SF 0.5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24433SF 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24433SF 5 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24433SF 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24433SF 10 9/15/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24506SB (3rd) 8 04/05/2010 15:15Soil Indeno(1,2,3-cd)pyrene ND 0 500.0000 0 0.1 500 6000 ug/kg
M24506SF (3rd) 7 04/05/2010 11:40Soil Indeno(1,2,3-cd)pyrene ND 0 500.0000 0 0.1 500 6000 ug/kg
M24517SF 0.5 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24517SF 0.5 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24517SF 2 10/5/2009 SO Indeno(1,2,3-cd)pyrene = 0.018 0.0180 1 0.1 0.0009 0.005 MG/KG
M24517SF 2 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24517SF 5 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24517SF 5 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
M24517SF 10 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24517SF 10 10/5/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24532SB 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24532SB 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24532SB 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24532SB 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24532SB 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0870 0 0.1 0.087 0.5 MG/KG
M24532SB 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 4.6000 0 0.1 4.6 10 MG/KG
M24532SB 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.3500 0 0.1 0.35 2 MG/KG
M24532SB 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 4.6000 0 0.1 4.6 10 MG/KG
M24532SF 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24532SF 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24532SF 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24532SF 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24532SF 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
M24532SF 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24532SF 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0690 0 0.1 0.069 0.4 MG/KG
M24532SF 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24603SB 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene = 0.0057 0.0057 1 0.1 0.0009 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene = 0.014 0.0140 1 0.1 0.0009 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
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M24603SB 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24603SB 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24603SB 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24603SB 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24603SB 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB2 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene = 0.014 0.0140 1 0.1 0.0009 0.005 MG/KG
M24603SB2 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB2 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB2 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB2 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB2 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB2 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB2 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB3 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB3 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB3 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24603SB3 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24603SB3 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB3 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB3 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB3 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB4 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene = 0.0057 0.0057 1 0.1 0.0009 0.005 MG/KG
M24603SB4 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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M24603SB4 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB4 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SB4 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24603SB4 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24603SB4 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SB4 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene = 0.0055 0.0055 1 0.1 0.0009 0.005 MG/KG
M24603SF 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24603SF 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24603SF 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
M24603SF 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
M24603SF 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
M24603SF 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
M24603SF 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0690 0 0.1 0.069 0.4 MG/KG
M24603SF 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
M24603SF 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF2 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
M24603SF2 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
M24603SF2 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF2 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF2 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF2 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF2 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF2 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF3 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene = 0.0055 0.0055 1 0.1 0.0009 0.005 MG/KG
M24603SF3 0.5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
M24603SF3 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF3 2 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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M24603SF3 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
M24603SF3 5 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
M24603SF3 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
M24603SF3 10 1/15/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04 0.5 8/4/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
MA-SV-04 5 8/4/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
MA-SV-04 10 8/4/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04A 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04A 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04A 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-04B 2.5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-04B 5 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-04B 10 1/6/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-08A 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-08A 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-08A 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-09A 2.5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-09A 5 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.9200 0 0.1 0.92 2 MG/KG
MA-SV-09A 10 1/5/2010 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
MA-SV-11 1 8/3/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-11 5 8/3/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MA-SV-11 10 8/3/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MW-03 7/28/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MW-05 10 7/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
MW-06 10 7/27/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24422SB 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24422SB 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24422SB 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24422SB 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24422SB 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24422SB 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24422SF 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24422SF 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24422SF 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24422SF 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24422SF 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24422SF 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
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N24426SB 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24426SB 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24426SB 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24426SB 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24426SB 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24426SB 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24426SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene = 0.023 0.0230 1 0.1 0.0035 0.02 MG/KG
N24426SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24426SF 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24426SF 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24426SF 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24426SF 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24502SB 0.5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
N24502SB 0.5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24502SB 5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24502SB 5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24502SB 10 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
N24502SB 10 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24502SF 0.5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24502SF 0.5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24502SF 5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24502SF 5 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24502SF 10 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24502SF 10 9/22/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24523SB 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
N24523SB 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24523SB 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene = 0.016 0.0160 1 0.1 0.0043 0.025 MG/KG
N24523SB 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24523SB 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0430 0 0.1 0.043 0.25 MG/KG
N24523SB 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24523SB 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
N24523SB 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24523SF 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24523SF 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24523SF 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
N24523SF 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24523SF 3.6 03/29/2010 09:11Soil Indeno(1,2,3-cd)pyrene ND 0 50.0000 0 0.1 50 600 ug/kg
N24523SF 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
N24523SF 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24523SF 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
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N24523SF 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24632SF (First) 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24632SF (First) 2 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24632SF (First) 2 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24632SF (Second 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24632SF (Second 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24703SB (First) 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24703SB (First) 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24703SB (First) 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24703SB (First) 8 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24703SB (First) 8 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24703SF (First) 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24703SF (First) 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24703SF (First) 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24703SF (First) 8 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24703SF (First) 8 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24712SF (1ST) 3.1 04/05/2010 10:44Soil Indeno(1,2,3-cd)pyrene ND 0 500.0000 0 0.1 500 6000 ug/kg
N24725SB 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24725SB 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24725SB 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24725SB 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24725SB 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24725SB 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24725SF 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24725SF 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24725SF 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24725SF 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24725SF 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24725SF 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24729SB 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24729SB 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24729SB 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24729SB 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24729SB 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24729SB 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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N24729SF 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24729SF 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24729SF 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24729SF 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24729SF 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24729SF 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24738SB 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24738SB 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24738SB 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24738SB 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24738SB 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0870 0 0.1 0.087 0.5 MG/KG
N24738SB 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24738SF 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24738SF 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24738SF 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24738SF 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24738SF 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24738SF 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24738SF 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
N24815SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24815SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24815SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24815SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24815SF 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24815SF 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24815SF 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24815SF 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24825SB 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24825SB 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24825SB 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24825SB 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24825SB 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24825SB 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24825SF 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24825SF 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
N24825SF 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24825SF 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
N24825SF 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24825SF 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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N24825SF 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24825SF 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24912SB 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24912SB 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24912SB 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
N24912SB 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24912SB 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24912SB 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24912SF 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24912SF 0.5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24912SF 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24912SF 5 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
N24912SF 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
N24912SF 10 9/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24406SB 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24406SB 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24406SB 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24406SB 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24406SB 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24406SB 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24406SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24406SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24406SF 0.5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24406SF 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24406SF 5 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24406SF 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24406SF 10 9/16/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24430SF 0.5 9/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24430SF 0.5 9/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24430SF 5 9/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24430SF 5 9/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24430SF 10 9/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24430SF 10 9/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24502SB 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SB 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24502SB 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SB 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24502SB 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SB 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
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P24502SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24502SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24502SF 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SF 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24502SF 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24502SF 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24518SB 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24518SB 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24518SB 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24518SB 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24518SB 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24518SB 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24518SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24518SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24518SF 0.5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24518SF 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24518SF 5 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24518SF 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24518SF 10 9/24/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24709SB 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24709SB 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24709SB 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24709SB 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24709SB 4 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0870 0 0.1 0.087 0.5 MG/KG
P24709SB 4 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 4.6000 0 0.1 4.6 10 MG/KG
P24709SB 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24709SB 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24709SB 7 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0870 0 0.1 0.087 0.5 MG/KG
P24709SB 7 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 12.0000 0 0.1 12 25 MG/KG
P24709SB 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0870 0 0.1 0.087 0.5 MG/KG
P24709SB 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 4.6000 0 0.1 4.6 10 MG/KG
P24709SF 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24709SF 0.5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24709SF 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24709SF 2 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24709SF 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0350 0 0.1 0.035 0.2 MG/KG
P24709SF 5 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
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P24709SF 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24709SF 10 10/2/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24739SB 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24739SB 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24739SB 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24739SB 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24739SB 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24739SB 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24739SB 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24739SB 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24739SF 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24739SF 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24739SF 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24739SF 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24739SF 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24739SF 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24739SF 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24739SF 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24809SB 0.5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24809SB 0.5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SB 0.5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24809SB 2 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24809SB 2 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SB 2 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24809SB 5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SB 5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0690 0 0.1 0.069 0.4 MG/KG
P24809SB 5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24809SB 10 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0350 0 0.1 0.035 0.2 MG/KG
P24809SB 10 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SB 10 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24809SF 0.5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24809SF 0.5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SF 0.5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24809SF 2 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24809SF 2 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SF 2 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24809SF 5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SF 5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.1700 0 0.1 0.17 1 MG/KG
P24809SF 5 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24809SF 10 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
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P24809SF 10 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.067 MG/KG
P24809SF 10 10/13/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24823SB 0.5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
P24823SB 0.5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 0.5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24823SB 2 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
P24823SB 2 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 2 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24823SB 5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
P24823SB 5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
P24823SB 5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24823SB 10 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
P24823SB 10 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SB 10 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24823SF 0.5 1/4/2010 SO Indeno(1,2,3-cd)pyrene = 0.01 0.0100 1 0.1 0.0009 0.005 MG/KG
P24823SF 0.5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.13 MG/KG
P24823SF 0.5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24823SF 2 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
P24823SF 2 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0430 0 0.1 0.043 0.25 MG/KG
P24823SF 2 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24823SF 5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
P24823SF 5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
P24823SF 5 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24823SF 10 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
P24823SF 10 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24823SF 10 1/4/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
P24838SB 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24838SB 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
P24838SB 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24838SB 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24838SB 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24838SB 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24838SF 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
P24838SF 0.5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
P24838SF 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24838SF 5 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
P24838SF 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
P24838SF 10 9/21/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24402SB 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.1700 0 0.1 0.17 1 MG/KG
R24402SB 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
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R24402SB 2 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0690 0 0.1 0.069 0.4 MG/KG
R24402SB 2 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24402SB 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24402SB 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24402SB 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24402SB 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24402SF 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24402SF 0.5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24402SF 1 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0690 0 0.1 0.069 0.4 MG/KG
R24402SF 1 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24402SF 2 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24402SF 2 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24402SF 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24402SF 5 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24402SF 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.1700 0 0.1 0.17 1 MG/KG
R24402SF 10 10/1/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24416SB 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24416SB 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24416SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
R24416SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24416SB 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24416SB 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24416SF 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24416SF 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24416SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24416SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24416SF 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
R24416SF 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24419SB 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24419SB 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24419SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24419SB 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24419SB 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24419SB 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24419SF 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
R24419SF 0.5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24419SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
R24419SF 5 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24419SF 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
R24419SF 10 9/18/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
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R24423SB 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24423SB 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24423SB 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
R24423SB 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24423SB 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
R24423SB 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24423SF (First) 0.5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24423SF (First) 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.1700 0 0.1 0.17 1 MG/KG
R24423SF (First) 5 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
R24423SF (Second 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
R24423SF (Second 10 9/23/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24523SF 0.5 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24523SF 0.5 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.9200 0 0.1 0.92 2 MG/KG
R24523SF 2 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24523SF 2 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.9200 0 0.1 0.92 2 MG/KG
R24523SF 5 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0069 0 0.1 0.0069 0.04 MG/KG
R24523SF 5 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.9200 0 0.1 0.92 2 MG/KG
R24523SF 10 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24523SF 10 11/7/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24603SB 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24603SB 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24603SB 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24603SB 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24603SB 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24603SB 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24603SF 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24603SF 0.5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24603SF 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24603SF 5 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24603SF 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24603SF 10 9/17/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24608SB 4 03/30/2010 15:30Soil Indeno(1,2,3-cd)pyrene ND 0 50.0000 0 0.1 50 600 ug/kg
R24613SB 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
R24613SB 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24613SB 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24613SB 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0087 0 0.1 0.0087 0.05 MG/KG
R24613SB 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24613SB 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
R24613SB 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
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R24613SB 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SB 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24613SB 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24613SB 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SB 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24613SF 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24613SF 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 0.5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24613SF 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24613SF 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 2 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24613SF 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24613SF 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 5 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24613SF 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24613SF 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24613SF 10 12/29/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24700SB 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24700SB 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
R24700SB 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
R24700SB 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0170 0 0.1 0.017 0.1 MG/KG
R24700SB 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
R24700SB 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
R24700SB 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24700SB 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
R24700SB 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
R24700SB 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24700SB 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
R24700SB 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24700SF 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene = 0.16 0.1600 1 0.1 0.067 0.13 MG/KG
R24700SF 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0350 0 0.1 0.035 0.2 MG/KG
R24700SF 0.5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 4.6000 0 0.1 4.6 10 MG/KG
R24700SF 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24700SF 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
R24700SF 2 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 1.2000 0 0.1 1.2 2.5 MG/KG
R24700SF 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24700SF 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
R24700SF 5 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24700SF 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0035 0 0.1 0.0035 0.02 MG/KG
R24700SF 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0670 0 0.1 0.067 0.13 MG/KG
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R24700SF 10 10/9/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.4600 0 0.1 0.46 1 MG/KG
R24712SB 0.5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24712SB 0.5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SB 0.5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SB 2 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
R24712SB 2 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SB 2 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SB 5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
R24712SB 5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
R24712SB 5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SB 10 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24712SB 10 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24712SB 10 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SF 0.5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24712SF 0.5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SF 0.5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SF 2 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24712SF 2 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.25 MG/KG
R24712SF 2 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SF 5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0017 0 0.1 0.0017 0.01 MG/KG
R24712SF 5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.5 MG/KG
R24712SF 5 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24712SF 10 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24712SF 10 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.0130 0 0.1 0.013 0.025 MG/KG
R24712SF 10 12/30/2009 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SB 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
R24733SB 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 2.3000 0 0.1 2.3 5 MG/KG
R24733SB 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene = 0.011 0.0110 1 0.1 0.0009 0.005 MG/KG
R24733SB 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SB 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24733SB 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SB 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
R24733SB 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SF 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0043 0 0.1 0.0043 0.025 MG/KG
R24733SF 0.5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SF 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene = 0.002 0.0020 1 0.1 0.0009 0.005 MG/KG
R24733SF 2 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SF 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene = 0.001 0.0010 1 0.1 0.0009 0.005 MG/KG
R24733SF 5 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24733SF 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.0009 0 0.1 0.0009 0.005 MG/KG
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R24733SF 10 3/29/2010 SO Indeno(1,2,3-cd)pyrene ND 0 0.2300 0 0.1 0.23 0.5 MG/KG
R24752SF 3.5 03/31/2010 12:59Soil Indeno(1,2,3-cd)pyrene ND 0 1000.0000 0 0.1 1000 12000 ug/kg
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Terms of Environment: 
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Glossary: U
Ultra Clean Coal (UCC): Coal that is washed, ground into fine particles, then chemically treated
to remove sulfur, ash, silicone, and other substances; usually briquetted and coated with a sealant
made from coal.

Ultraviolet Rays: Radiation from the sun that can be useful or potentially harmful. UV rays from
one part of the spectrum (UV-A) enhance plant life. UV rays from other parts of the spectrum (UV-
B) can cause skin cancer or other tissue damage. The ozone layer in the atmosphere partly shields
us from ultraviolet rays reaching the earth's surface.

Uncertainty Factor: One of several factors used in calculating the reference dose from
experimental data. UFs are intended to account for (1) the variation in sensitivity among humans;
(2) the uncertainty in extrapolating animal data to humans; (3) the uncertainty in extrapolating
data obtained in a study that covers less than the full life of the exposed animal or human; and (4)
the uncertainty in using LOAEL data rather than NOAEL data.

Unconfined Aquifer: An aquifer containing water that is not under pressure; the water level in a
well is the same as the water table outside the well.

Underground Injection Control (UIC): The program under the Safe Drinking Water Act that
regulates the use of wells to pump fluids into the ground.

Underground Injection Wells: Steel- and concrete-encased shafts into which hazardous waste is
deposited by force and under pressure.

Underground Sources of Drinking Water: Aquifers currently being used as a source of drinking
water or those capable of supplying a public water system. They have a total dissolved solids
content of 10,000 milligrams per liter or less, and are not "exempted aquifers." (See: exempted
aquifer.)

Underground Storage Tank (UST): A tank located at least partially underground and designed
to hold gasoline or other petroleum products or chemicals.

Unreasonable Risk: Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA),
"unreasonable adverse effects" means any unreasonable risk to man or the environment, taking
into account the medical, economic, social, and environmental costs and benefits of any pesticide.

Unsaturated Zone: The area above the water table where soil pores are not fully saturated,
although some water may be present.

Upper Detection Limit: The largest concentration that an instrument can reliably detect.

Uranium Mill Tailings Piles: Former uranium ore processing sites that contain leftover
radioactive materials (wastes), including radium and unrecovered uranium.

Uranium Mill-Tailings Waste Piles: Licensed active mills with tailings piles and evaporation
ponds created by acid or alkaline leaching processes.

Urban Runoff: Storm water from city streets and adjacent domestic or commercial properties that
carries pollutants of various kinds into the sewer systems and receiving waters.

Urea-Formaldehyde Foam Insulation: A material once used to conserve energy by sealing
crawl spaces, attics, etc.; no longer used because emissions were found to be a health hazard.
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Use Cluster: A set of competing chemicals, processes, and/or technologies that can substitute for
one another in performing a particular function.

Used Oil: Spent motor oil from passenger cars and trucks collected at specified locations for
recycling (not included in the category of municipal solid waste).

User Fee: Fee collected from only those persons who use a particular service, as compared to one
collected from the public in general.

Utility Load: The total electricity demand for a utility district.
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CALIFORNIA CODE OF REGULATIONS   

 
Title 23. Waters 

Division 3. State Water Resources Control Board and  
Regional Water QualityControl Boards 

Chapter 16. Underground Tank Regulations 
 
 

Article 1. Definition of Terms 
 
§ 2610. Definitions/Applicability of Definitions. 
 
(a) Unless the context requires otherwise, the terms used in this chapter shall have the definitions provided by the appropriate 
section of Chapter 6.7 of Division 20 of the Health and Safety Code, or by section 2611 of this article. 
 
(b) Except as otherwise specifically provided herein, the following terms are defined in section 25281 of Chapter 6.7 of Division 
20 of the Health and Safety Code: 
 
  Automatic Line Leak Detector 
  Board 
  Department 
  Facility 
  Federal Act 
  Local Agency 
  Owner 
  Pipe 
  Primary Containment 
  Product-Tight 
  Release 
  Secondary Containment 
  Single-Walled 
  Special Inspector 
  Storage/Store 
  SWEEPS 
  Tank 
  Tank Integrity Test 
  Tank Tester 
  Unauthorized Release 
  Underground Storage Tank 
  Underground Tank System/Tank System 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25281, Health and Safety Code. 
 
 
§ 2611. Additional Definitions. 
 
Unless the context requires otherwise, the following definitions shall apply to terms used in this chapter. 
 
"Bladder system" means a flexible or rigid material which provides primary containment including an interstitial monitoring 
system designed to be installed inside an existing underground storage tank. 
 
"Best management practice" means any underground storage tank system management and operation practice that is the most 
effective and practicable method of preventing or reducing the probability of a release. 
 
"Cathodic protection tester" means any individual who can demonstrate an understanding of the principles and measurements of 
all common types of cathodic protection systems as applied to buried or submerged metallic piping and underground storage tank 
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systems. Such an individual shall possess a current certificate from the National Association of Corrosion Engineers or the 
International Code Council, demonstrating education and experience in soil resistivity, stray current, structure-to-soil potential, 
and component electrical isolation measurements of buried or submerged metallic piping and underground storage tank systems. 
 
"Coatings expert" means a person who, by reason of thorough training, knowledge and experience in the coating of metal 
surfaces, is qualified to engage in the practice of internal tank lining inspections. The term includes only those persons who are 
independent of any lining manufacturer or applicator and have no financial interest in the tank or tanks being monitored. 
 
"Compatible" means the ability of two or more substances to maintain their respective physical and chemical properties upon 
contact with one another for the design life of the tank system under conditions likely to be encountered in the underground 
storage tank. 
 
"Connected piping" means all underground piping including valves, elbows, joints, flanges, and flexible connectors attached to a 
tank system through which hazardous substances flow. For the purpose of determining how much piping is connected to any 
individual underground storage tank system, the piping that joins two underground storage tank systems should be allocated 
equally between them. 
 
"Continuous monitoring" means a system using equipment which routinely performs the required monitoring on a periodic or 
cyclic basis throughout each day. 
 
"Corrosion specialist" means any individual who, by reason of thorough knowledge of the physical sciences and the principles of 
engineering and mathematics acquired by a professional education and related practical experience, is qualified to engage in the 
practice of corrosion control on buried or submerged metallic piping and underground storage tank systems. Such an individual 
shall possess a current certificate from  the National Association of Corrosion Engineers as a corrosion specialist, or be a 
registered professional engineer with a current certificate or license requiring education and experience in corrosion control of 
buried or submerged metallic piping and underground storage tank systems. 
 
"Decommissioned tank" means an underground storage tank which cannot be used for one or more of the following reasons: 1) 
the tank has been filled with an inert solid; 2) the fill pipes have been sealed; or, 3) the piping has been removed. 
 
"Designated underground storage tank operator" or "designated UST operator" means one or more individuals designated by the 
owner to have responsibility for training facility employees and conducting monthly visual inspections at an underground storage 
tank facility. A "designated UST operator" is not considered the "operator" as defined in Chapter 6.7 of Division 20 of the Health 
and Safety Code, although the same individual may hold both positions. 
 
"Dispenser" means an aboveground or underground device that is used for the delivery of a hazardous substance from an 
underground storage tank.  Dispenser includes metering and delivery devices, and fabricated assemblies located therein. 
 
"Emergency containment" means a containment system for accidental spills which are infrequent and unpredictable. 
 
"Excavation zone" means the volume containing the tank system and backfill material bounded by the ground surface, walls, and 
floor of the pit and trenches into which the underground storage tank system is placed at the time of installation. 
 
"Existing underground storage tank" means an underground storage tank installed prior to January 1, 1984. The term also 
includes an underground storage tank installed before January 1, 1987 and which is located on a farm, has a capacity greater than 
1,100 gallons, and stores motor vehicle fuel used primarily for agricultural purposes and not for resale. 
 
"Facility employee" means an individual who is employed on-site at an underground storage tank facility, and who may be called 
upon to respond to spills, overfills, or other problems associated with the operation of the underground storage tank system. A 
"facility employee" is not considered the "operator" as defined in Chapter 6.7 of Division 20 of the Health and Safety Code, 
although the same individual may hold both positions. 
 
"Fail safe" means that a monitoring system will shut down the turbine pump in the event of a power outage, or when the 
monitoring system fails or is disconnected. 
 
"Farm tank" means any one tank or a combination of manifolded tanks that: 1) are located on a farm; and, 2) holds no more than 
1,100 gallons of motor vehicle fuel which is used primarily for agricultural purposes and is not held for resale. 
 
"First ground water" means the uppermost saturated horizon encountered in a bore hole. 
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"Free product" refers to a hazardous substance that is present as a non- aqueous phase liquid (e.g., liquid not dissolved in water). 
 
"Ground water" means subsurface water which will flow into a well. 
 
"Hazardous substance" means a substance which meets the criteria of either subsection (1) or subsection (2) of section 25281(f) 
of the Health and Safety Code. 
 
"Heating oil tank" means a tank located on a farm or at a personal residence and which holds no more than 1,100 gallons of home 
heating oil which is used consumptively at the premises where the tank is located. 
 
"Holiday," when used with respect to underground storage tank coating or cladding, means a pinhole or void in a protective 
coating or cladding. 
 
"Hydraulic lift tank" means a tank holding hydraulic fluid for a closed loop mechanical system that uses compressed air or 
hydraulic fluid to operate lifts, elevators, and other similar devices. 
 
"Inconclusive" means the conclusion of a statistical inventory reconciliation report that is not decisive as to whether a release has 
been detected. 
 
"Independent testing organization" means an organization which tests products or systems for compliance with voluntary 
consensus standards. To be acceptable as an independent testing organization, the organization shall not be owned or controlled 
by any client, industrial organization, or any other person or institution with a financial interest in the product or system being 
tested. For an organization to certify, list, or label products or systems in compliance with voluntary consensus standards, it shall 
maintain formal periodic inspections of production of products or systems to ensure that a listed, certified, or labeled product or 
system continues to meet the appropriate standards. 
 
"Independent third party" means independent testing organizations, consulting firms, test laboratories, not-for-profit research 
organizations and educational institutions with no financial interest in the matters under consideration. The term includes only 
those organizations which are not owned or controlled by any client, industrial organization, or any other institution with a 
financial interest in the matter under consideration. 
 
"Integral secondary containment" means a secondary containment system manufactured as part of the underground storage tank. 
 
“Interstitial Liquid Level Measurement” Method (as the term is used in section 25290.1 of the Health and Safety Code) or 
“Hydrostatic Monitoring” Method means a release detection method that continuously monitors the liquid level within a liquid-
filled interstitial space of an underground storage tank. The term includes only those release detection systems that are capable of 
detecting a breach in the primary or secondary containment of the underground storage tank component(s) being monitored 
before the hazardous substance stored is released to the environment. To accomplish this, the liquid in the interstitial space shall 
be maintained at a pressure greater than the operating pressure found within the component(s) being monitored. This pressure 
may be achieved, for example, by adequately elevating the liquid reservoir or by pressurizing the liquid-filled interstice. 
Hydrostatic monitoring methods shall meet the requirements of section 2643, subdivision (f). 
 
"Interstitial space" means the space between the primary and secondary containment systems. 
 
"Leak threshold" means the value against which test measurements are compared and which serves as the basis for declaring the 
presence of a leak. The leak threshold is set by the manufacturer in order to meet state and federal requirements. Leak threshold is 
not an allowable leak rate. 
 
"Liquid asphalt tank" means an underground storage tank which contains steam-refined asphalts. 
 
"Liquefied petroleum gas tank" means an underground storage tank which contains normal butane, isobutane, propane, or 
butylene (including isomers) or mixtures composed predominantly thereof in a liquid or gaseous state having a vapor pressure in 
excess of 40 pounds per square inch absolute at a temperature of 100 degrees Fahrenheit. 
 
"Maintenance" means the normal operational upkeep to prevent an underground storage tank system from releasing hazardous 
substances. 
 
"Manufacturer" means any business which produces any item discussed in these regulations. 
 
"Manual inventory reconciliation" means a procedure for determining whether an underground tank system is leaking based on 
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bookkeeping calculations, using measured throughput and a series of daily inventory records taken manually by the tank owner 
or operator or recorded electronically. This terms does not include procedures which are based on statistical inventory 
reconciliation. 
 
"Membrane liner" means any membrane sheet material used in a secondary containment system. A membrane liner shall be 
compatible with the substance stored. 
 
"Membrane liner fabricator" means any company which converts a membrane liner into a system for secondary containment. 
 
"Membrane manufacturer" means any company which processes the constituent polymers into membrane sheeting from which 
the membrane liner is fabricated into a system for secondary containment. 
 
"Motor vehicle" means a self-propelled device by which any person or property may be propelled, moved, or drawn. 
 
"Motor vehicle fuel tank" means an underground storage tank that contains a petroleum product. The definition does not include 
underground storage tanks that contain used oil. 
 
"New underground storage tank" means an underground storage tank which is not an existing underground storage tank. 
 
"Non-volumetric test" means a tank integrity test method that ascertains the physical integrity of an underground storage tank 
through review and consideration of circumstances and physical phenomena internal or external to the tank. 
 
"Operational life" means the period beginning when installation of the tank system has begun until the time the tank system 
should be properly closed. 
 
"Operator" means any person in control of, or having responsibility for, the daily operation of an underground storage tank 
system. 
 
"Person", as defined in Chapter 6.7 of Division 20 of the Health and Safety Code includes any entity defined as a person under 
the Federal Act. 
 
"Perennial ground water" means ground water that is present throughout the year. 
 
"Petroleum" means petroleum including crude oil, or any fraction thereof, which is liquid at standard conditions of temperature 
and pressure, which means at 60 degrees Fahrenheit and 14.7 pounds per square inch absolute. 
 
"Pipeline leak detector" means a continuous monitoring system for underground piping capable of detecting at any pressure, a 
leak rate equivalent to a specified leak rate and pressure, with a probability of detection of 95 percent or greater and a probability 
of false alarm of 5 percent or less. 
 
"Probability of detection" means the likelihood, expressed as a percentage, that a test method will correctly identify a leaking 
underground storage tank. 
 
"Probability of false alarm" means the likelihood, expressed as a percentage, that a test method will incorrectly identify a "tight" 
tank as a leaking underground storage tank. 
 
"Qualitative release detection method" means a method which detects the presence of a hazardous substance or suitable tracer 
outside the underground storage tank being tested. 
 
"Quantitative release detection method" means a method which determines the integrity of an underground storage tank by 
measuring a release rate or by determining if a release exceeds a specific rate. 
 
"Release detection method or system" means a method or system used to determine whether a release of a hazardous substance 
has occurred from an underground tank system into the environment or into the interstitial space between an underground tank 
system and its secondary containment. 
 
"Repair" means to restore a tank or underground storage tank system component that has caused a release of a hazardous 
substance from the underground storage tank system. 
 
"Septic tank" means a tank designed and used to receive and process biological waste and storage. 
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"Service technician" means any individual who installs or tests monitoring equipment, or provides maintenance, service, system 
programming or diagnostics, calibration, or trouble-shooting for underground storage tank system components. 
 
"Statistical inventory reconciliation" means a procedure to determine whether a tank is leaking based on the statistical analysis of 
measured throughput and a series of daily inventory records taken manually by the tank owner or operator or recorded 
electronically. 
 
"Statistical inventory reconciliation provider" means the developer of a statistical inventory reconciliation method that meets 
federal and state standards as evidenced by a third-party evaluation conducted according to section 2643(f), or an entity that has 
been trained and certified by the developer of the method to be used. In either case, the provider shall have no direct or indirect 
financial interest in the underground storage tank being monitored. 
 
"Storm water or wastewater collection system" means piping, pumps, conduits and any other equipment necessary to collect and 
transport the flow of surface water run-off resulting from precipitation, or domestic, commercial, or industrial wastewater to and 
from retention areas or any areas where treatment is designated to occur. The collection of storm water and wastewater does not 
include treatment except where incidental to conveyance. 
 
"Substantially beneath the surface of the ground" means that at least 10 percent of the underground tank system volume, 
including the volume of any connected piping, is below the ground surface or enclosed below earthen materials. 
 
"Sump," "pit," "pond," or "lagoon" means a depression in the ground which lacks independent structural integrity and depends on 
surrounding earthen material for structural support of fluid containment. 
 
"Tank integrity test" means a test method that can ascertain the physical integrity of any underground storage tank. The term 
includes only test methods which are able to detect a leak of 0.1 gallons per hour with a probability of detection of at least 95 
percent and a probability of false alarm of 5 percent or less. The test method may be either volumetric or non-volumetric in 
nature. A leak rate is reported using a volumetric test method, whereas, a non- volumetric test method reports whether a 
substance or physical phenomenon is detected which may indicate the presence of a leak. 
 
"Unauthorized release" as defined in Chapter 6.7 of Division 20 of the Health and Safety Code does not include intentional 
withdrawals of hazardous substances for the purpose of legitimate sale, use, or disposal. 
"Under-Dispenser Containment" means secondary containment that is located under a dispenser. 
 
"Under-Dispenser spill containment or control system" means a device that is capable of preventing an unauthorized release from 
under the dispenser from entering the soil or groundwater or both. 
 
"Upgrade" means the addition or retrofit of some systems such as cathodic protection, lining, secondary containment, or spill and 
overfill controls to improve the ability of an underground storage tank system to prevent the release of hazardous substances. 
 
"Volumetric test" means a tank integrity test method that ascertains the physical integrity of any underground storage tank 
through review and comparison of tank volume. 
 
"Voluntary consensus standards" means standards that shall be developed after all persons with a direct and material interest have 
had a right to express a viewpoint and, if dissatisfied, to appeal at any point (a partial list of the organizations that adopt 
voluntary consensus standards are shown in Appendix I, Table B). 
 
"Wastewater treatment tank" means a tank designed to treat influent wastewater through physical, chemical, or biological 
methods and which is located inside a public or private wastewater treatment facility. The term includes untreated wastewater 
holding tanks, oil water separators, clarifies, sludge holding tanks, filtration tanks, and clarified water tanks that do not 
continuously contain hazardous substances. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25282 and 25283, 25284, 25284.1, 25292.3 and 25299.5(a), Health and Safety Code; 40 CFR 
280.10 and 280.12. 
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Article 2. General Provisions 
 
§ 2620. General Intent, Content, Applicability and Implementation of Regulations. 
 
(a) The regulations in this chapter are intended to protect waters of the state from discharges of hazardous substances from 
underground storage tanks. These regulations establish construction requirements for new underground storage tanks; establish 
separate monitoring requirements for new and existing underground storage tanks; establish uniform requirements for 
unauthorized release reporting, and for repair, upgrade, and closure of underground storage tanks; and specify variance request 
procedures. 
 
(b) Owners and operators shall comply with these regulations except as otherwise specifically provided herein. If the operator is 
not the owner, then the owner shall enter into a written contract with the operator requiring the operator to monitor the 
underground storage tank; maintain appropriate records; and implement reporting procedures as required by any applicable 
permit. Both the owner and operator are responsible for assuring that the underground storage tank system is repaired or 
upgraded in accordance with Article 6, or closed in accordance with Article 7, as appropriate. 
 
(c) Counties shall implement the regulations in this chapter within both the incorporated and unincorporated areas of the county 
through the issuance of underground storage tank operating permits to underground storage tank owners. A city may, by 
ordinance, assume the responsibility for implementing the provisions of this chapter within its boundaries in accordance with 
section 25283 of the Health and Safety Code. Local agencies shall issue an operating permit for each underground storage tank, 
for several underground storage tanks, or for each facility, as appropriate, within their jurisdiction. 
 
(d) Owners and operators shall comply with the construction and monitoring requirements of Article 3 (new underground storage 
tanks) or the monitoring requirements of Article 4 (existing underground storage tanks). However, owners of existing 
underground storage tanks which meet the construction and monitoring requirements of Article 3  may be issued operating 
permits pursuant to the requirements of Article 3 in lieu of the requirements of Article 4. In addition, owners or operators of 
underground storage tanks shall comply with the release reporting requirements of Article 5, the repair and upgrade requirements 
of Article 6, the closure requirements of Article 7, the underground storage tank operating permit requirements of Article 10 and 
the corrective action requirements of Article 11. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25283, 25284, 25299.1 and 25299.3, Health and Safety Code; 40 CFR 280. 

 
 

§ 2621. Exemptions to the Regulations. 
 
(a) The term "underground storage tank" excludes the following, except those of the following included in the definition of an 
underground storage tank in 40 CFR, part 280.12 as modified by paragraphs (b), (c), (d), of 40 CFR, part 280.10. 
 
(1) A farm tank. 
(2) A heating oil tank. 
(3) A hydraulic lift tank in accordance with section 25281(x) of the Health and Safety Code. 
(4) A liquefied petroleum gas tank. 
(5) A liquid asphalt tank. 
(6) A septic tank. 
(7) A sump, pit, pond, or lagoon. 
(8) A wastewater treatment tank except a tank which is part of an underground storage tank system. 
(9) A pipeline located in a refinery or in an oil field unless the pipeline is connected to an underground storage tank. 
(10) Storm water or wastewater collection systems. 
(11) Tanks containing radioactive material such as spent fuel pools, radioactive waste storage tanks, and similar tanks under the 
Atomic Energy Act of 1954 (42 USC 2011) and following. 
(12) An emergency containment tank kept empty to receive accidental spills and approved for such use by the appropriate local 
agency. 
(13) Drums located in basements and which contain 55 gallons or less of a hazardous substance. 
(14) Underground storage tanks containing hazardous wastes as defined in Section 25316 of the Health and Safety Code if the 
person owning or operating the underground storage tank has been issued a hazardous waste facilities permit for the underground 
storage tank by the Department of Toxic Substances Control pursuant to section 25200 of the Health and Safety Code or granted 
interim status under section 25200.5 of the Health and Safety Code. 
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(15) A tank and associated piping located in a vault or basement and which meets the requirements of section 25283.5 of the 
Health and Safety Code. 
(16) Any structure specifically exempted by section 25281(x) of the Health and Safety Code. 
 
(b) Sumps which are a part of a monitoring system required under Article 3 are considered part of the secondary containment or 
leak detection system of the primary containment and are required to meet the appropriate construction criteria. 
 
(c) The owner of a farm or heating oil tank or any tank which is exempt from regulation as an underground storage tank by virtue 
of its use shall, prior to any change which results in the tank becoming subject to regulation, obtain a valid operating permit. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25283.5 and 25299.1, Health and Safety Code; 40 CFR 280.10, 280.12. 
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Article 3. New Underground Storage Tank Design, Construction, and Monitoring Requirements 
 
§ 2630. General Applicability of Article. 
 
(a) The requirements in this article apply to owners of new underground storage tanks.  In addition, the applicable repair and 
upgrade requirements in Article 6 shall be complied with. 
 
(b) Sections 2631 and 2632 specify design, construction, and monitoring requirements for all new underground storage tanks. 
Sections 2633 and 2634 specify alternate design, construction, and monitoring requirements, in lieu of those specified in sections 
2631 and 2632, for underground storage tanks installed before January 1, 1997 which store only motor vehicle fuel.  
Underground storage tanks constructed pursuant to the requirements specified in section 2633 in lieu of those specified in section 
2631shall be monitored in accordance with section 2634. 
 
(c) All new underground storage tanks, piping, and secondary containment systems shall comply with sections 2635 and 2636. 
 
(d) All monitoring equipment used to satisfy the requirements of this article shall meet the requirements of section 2643(f) and 
shall be installed and maintained such that the equipment is capable of detecting a leak at the earliest possible opportunity. 
Additionally, all monitoring equipment used to satisfy the requirements of this article shall be installed, calibrated, operated, and 
maintained in accordance with section 2638. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25284.1, 25291 and 25292.3, Health and Safety Code; 40 CFR 280.20. 
 
 
§ 2631. Design and Construction Requirements for New Underground Storage Tanks. 
 
(a) All new underground storage tanks including associated piping used for the storage of hazardous substances shall have 
primary and secondary containment. Primary containment shall be product-tight. Secondary containment may be manufactured as 
an integral part of the primary containment or it may be constructed as a separate containment system. Secondary containment 
systems shall be designed and constructed such that the secondary containment system can be periodically tested in accordance 
with section 2637(a). 
 
(b) The design and construction of all primary containment including any integral secondary containment system, shall be 
approved by an independent testing organization in accordance with industry codes, voluntary consensus standards, or 
engineering standards. All other components used to construct the primary containment system, such as special accessories, 
fittings, coatings or linings, monitoring systems and level controls shall also be approved by an independent testing organization. 
This requirement became effective on July 1, 1991 for underground storage tanks; January 1, 1992 for piping; and shall be 
effective on January 1, 1995 for all other components. The exterior surface of underground storage tanks shall bear a marking, 
code stamp, or label showing the following minimum information: 
 
(1) Engineering standard used; 
(2) Nominal diameter in feet; 
(3) Nominal capacity in gallons; 
(4) Degree of secondary containment; 
(5) Useable capacity in gallons; 
(6) Design pressure in psig; 
(7) Maximum operating temperature in degrees Fahrenheit; 
(8) Construction materials; 
(9) Year manufactured; and 
(10) Identity of manufacturer. 
 
(c) A primary containment system with or without an integral secondary containment system shall have wear plates (striker 
plates) installed, center to center, below all accessible openings. The plates shall be made of steel or other appropriate material if 
steel is not compatible with the hazardous substance stored. The width of the plate shall be at least eight inches on each side, or 
shall be equal to the area of the accessible opening or guide tube, whichever is larger. The thickness of the steel plate shall be at 
least 1/8 inch and those made of other materials shall be of sufficient thickness to provide equivalent protection. The plate, if 
under 1/4 inch thick, shall be rolled to the contours of the underground storage tank and all plates shall be bonded or tack welded 
in place. A drop tube-mounted bottom protector may fulfill this requirement. 
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(d) A secondary containment system which is not an integral part of primary containment shall be designed and constructed 
according to an engineering specification approved by a state registered professional engineer or according to a nationally 
recognized industry code or engineering standard. The engineering specification shall include the construction procedures. 
Materials used to construct the secondary containment system shall have sufficient thickness, density, and corrosion resistance to 
prevent structural weakening or damage to the secondary containment system as a result of contact with any released hazardous 
substance. The following requirements apply to these secondary containment systems: 
 
 (1) The secondary containment system shall be constructed to contain at least the following volumes: 
 

(A) One hundred percent of the usable capacity of the primary containment system where only one primary container is 
within the secondary containment system. 

 
(B) In the case of multiple primary containers within a single secondary containment system, the secondary 
containment system shall be large enough to contain 150 percent of the volume of the largest primary container within 
it, or 10 percent of the aggregate internal volume of all primary containers within the secondary containment system, 
whichever is greater. When all primary containers are completely enclosed within the secondary containment system, 
the restrictions of this subsection do not apply. 

 
(2) If the secondary containment system is open to rainfall, it shall be constructed to accommodate the volume of 
precipitation which could enter the secondary containment system during a 24-hour, 25-year storm in addition to the volume 
specified in subsection (d)(1). 

 
(3) If backfill material is placed in the secondary containment system, the volumetric requirements for the pore space shall 
be equal to the requirement in subsection (d)(1). The available pore space in the secondary containment system backfill shall 
be determined using standard engineering methods and safety factors. The specific retention and specific yield of the 
backfill material, the location of any primary container within the secondary containment, and the proposed method of 
operation for the secondary containment system shall be considered in determining the available pore space. 

 
(4) The secondary containment system shall be equipped with a collection system to accumulate, temporarily store, and 
permit removal of any liquid within the system. 

 
(5) The floor of the secondary containment system shall be constructed on a firm base and, if necessary for monitoring, shall 
be sloped to a collection sump. One or more access casings shall be installed in the sump and sized to allow removal of 
collected liquid. The access casing shall extend to the ground surface, be perforated in the region of the sump, and be 
covered with a locked waterproof cap or enclosed in a surface security structure that will protect the access casing(s) from 
entry of surface water, accidental damage, unauthorized access, and vandalism. A facility with locked gates will satisfy the 
requirements for protection against unauthorized access and vandalism. The casing shall have sufficient thickness to 
withstand all anticipated stresses with appropriate engineering safety factors and constructed of materials that will not be 
structurally weakened by the stored hazardous substance and will not donate, capture, or mask constituents for which 
analyses will be made. 

 
(6) Secondary containment systems using membrane liners shall be approved by an independent testing organization in 
accordance with industry codes, voluntary consensus standards, or engineering standards. A membrane liner shall contain 
no primary nutrients or food-like substances attractive to rodents and shall meet the requirements in Table 3.1 after a 30-day 
immersion in the stored hazardous substance. 
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Table 3.1  
Standards for Membrane Liners 

 
Some Acceptable Test Methods 

(See Appendix I, Table A) 
 

Property Unsupported Liners Supported Liners Requirement 
 
(A)  Tensile strength 
        Tensile strength 
        at yield 
        Tensile strength 
        at break 

 
ASTM D638 

 
ASTM D751 
Procedure B 

(Cut Strip Method) 

 
 

>300 lbs/in. of width 
 

>200 lbs/in. of width 

(B)  Permeability ASTM E96 
 

ASTM E96 <0.65 gram/meter²-hr 

(C)  Seam Strength ASTM D413 ASTM D751 
 

= Parent material 

(D)  Solubility ASTM D471 ASTM D471 
 

<0.10% by weight 

(E)  Puncture  
 

FTMS 101C 
Method 2065 

FTMS 101C 
Method 2065 

 

350 lbs. 
 

80 lbs. 

(F)  Tear  
 

ASTM D1004 
DIEC 

ASTM D751 125 lbs. 
 

50 lbs. 

 
 

(7) A membrane liner, if used, shall be installed under the direct supervision of a representative of the membrane liner 
fabricator or a contractor certified by the fabricator. 

 
(8) The excavation base and walls for a membrane liner shall be prepared to the membrane liner fabricator's specifications 
and shall be firm, smooth, and free of any sharp objects or protrusions. 

 
(9) The site shall be assessed to ensure that the secondary containment is always above the ground water and not in a 
25-year flood plain, unless the containment and monitoring designs are for use under such conditions. 

 
(e) Laminated, coated, or clad materials shall be considered a single wall and do not fulfill the requirements of both primary and 
secondary containment. 
 
(f) Underground storage tanks with integral secondary containment systems, which satisfy the construction requirements of 
subsection (b), fulfill the volumetric requirements for secondary containment specified in subsection (d)(1). 
 
(g) Underground storage tanks with secondary containment systems shall be so designed and installed so that any loss of a 
hazardous substance from the primary containment will be detected by an interstitial monitoring device or method. 
 
(h) An underground storage tank which contains motor vehicle fuel and which is designed with an integral secondary 
containment system shall provide 100 percent secondary containment unless it is equipped with the overfill prevention system in 
accordance with section 2635(b)(2)(C). In this case, the top portion of the tank, no greater than two feet wide along the length of 
the tank, may be single-walled. 
 
(i) Tanks designed and constructed pursuant to the provisions of this section shall be monitored according to the provisions of 
section 2632. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25284.1 and 25291, Health and Safety Code; 40 CFR 280.20. 
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§ 2631.1. Compatibility and Permeability Testing Requirements for All New Underground Storage Tanks. 
 
(a) Owners and operators must use an underground storage tank system made of or lined with materials that are compatible with 
the substance stored in the underground storage tank system. 
 
(b) For underground storage tank system components installed on or after July 1, 2004, the applicable approvals required in 
subsections 2631(b) and (d) shall include a list of the compatible products tested and the measured product permeation rates, if 
such testing is required by the industry code or engineering standard used to evaluate the component. These results shall be 
provided to the local agency upon request. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25284.1, 25286, 25291 and 25299, Health and Safety Code; and 40 CFR 280.20, 280.32 and 280.40-
280.45.  
 
 
§ 2632. Monitoring and Response Plan Requirements for New Underground Storage Tanks Constructed Pursuant to 
Section 2631. 
 
(a) This section is applicable only to underground storage tanks constructed pursuant to the requirements of section 2631. 
 
(b) Owners or operators of underground storage tanks subject to this section shall implement a monitoring program approved by 
the local agency and specified in the underground storage tank operating permit. The program shall include interstitial space 
monitoring as described in subsection (c) and shall include the items listed in subsection (d). 
 
(c) Monitoring of the interstitial space shall include either visual monitoring of the primary containment system as described in 
subsection (c)(1) or one or more of the methods listed in subsection (c)(2). 
 
 (1) A visual monitoring program shall incorporate all of the following: 

 
(A) All exterior surfaces of the underground storage tanks and the surface of the floor directly beneath the underground 
storage tanks shall be capable of being monitored by direct viewing. 

 
(B) Visual inspections shall be performed daily, except on weekends and recognized state and/or federal holidays. 
Inspections may be more frequent if required by the local agency or the local agency may reduce the frequency of 
visual monitoring at facilities where personnel are not normally present and inputs to and withdrawals from the 
underground storage tanks are very infrequent. In these instances, visual inspection shall be made weekly. The 
inspection schedule shall take into account the minimum anticipated time during which the secondary containment 
system is capable of containing any unauthorized release and the maximum length of time any hazardous substance 
released from the primary containment system will remain observable on the surface of the secondary containment 
system. The inspection schedule shall be such that inspections will occur on a routine basis when the liquid level in the 
tanks is at its highest. The inspection frequency shall be such that any unauthorized release will remain observable on 
the exterior of or the surface immediately beneath the underground storage tanks between visual inspections. The 
evaluation of the length of time the hazardous substance remains observable shall consider the volatility of the 
hazardous substance and the porosity and slope of the surface immediately beneath the tanks. 

 
  (C) The liquid level in the tank shall be recorded at the time of each inspection. 
 

(D) If any liquid is observed around or beneath the primary containment system, the owner or operator shall, if 
necessary, have the liquid analyzed in the field using a method approved by the local agency or in a laboratory to 
determine if an unauthorized release has occurred. The owner or operator shall have a tank integrity test conducted, if 
necessary, to determine whether the primary containment system is leaking. If a leak is confirmed, the owner or 
operator shall comply with the applicable provisions of Article 5, Article 6, and Article 7. 

 
(2) A monitoring program which relies on the mechanical or electronic detection of the hazardous substance in the 
interstitial space shall include one or more of the methods in Table 3.2. The following requirements shall apply when 
appropriate: 

 
(A) The interstitial space of the tank shall be monitored using a continuous monitoring system which meets the 
requirements of section 2643(f). 
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(B) The continuous monitoring system shall be connected to an audible and visual alarm system approved by the local 
agency. 

 
(C) For methods of monitoring where the presence of the hazardous substance is not determined directly, for example, 
where liquid level measurements in the interstitial space are used as the basis for determination, the monitoring 
program shall specify the proposed method(s) for determining the presence or absence of the hazardous substance in 
the interstitial space if the indirect methods indicate a possible unauthorized release. 

 
(d) All monitoring programs shall include the following: 
 
 (1) A written procedure for monitoring which establishes: 
 
  (A) The frequency of performing the monitoring; 
 
   (B) The methods and equipment, identified by name and model,  to be used for performing the monitoring; 
   (C) The location(s), as identified on a plot plan, where the monitoring will be performed; 
 

(D) The name(s) and title(s) of the person(s) responsible for performing the monitoring and/or maintaining the 
equipment; 

 
  (E) The reporting format; 
 

(F) The preventive maintenance schedule for the monitoring equipment. The maintenance schedule shall be in 
accordance with the manufacturer's instructions, and; 

 
   (G) A description of the  training necessary for the operation of both the tank system and the monitoring equipment. 

 
(2) A response plan which demonstrates, to the satisfaction of the local agency, that any unauthorized release will be 
removed from the secondary containment system within the time consistent with the ability of the secondary containment 
system to contain the hazardous substance, but not more than 30 calendar days or a longer period of time as approved by the 
local agency. The response plan shall include, but is not limited to, the following: 

 
(A) A description of the proposed methods and equipment to be used for removing and properly disposing of any 
hazardous substances, including the location and availability of the required equipment if not permanently on- site, and 
an equipment maintenance schedule for the equipment located on-site. 

 
  (B) The name(s) and title(s) of the person(s) responsible for authorizing any work necessary under the response plan. 
 
(e) When implementation of a monitoring program or any other condition indicates that an unauthorized release may have 
occurred, the owner or operator shall comply with the release reporting requirements of Article 5. If the release came from the 
tank system, the owner or operator shall replace, repair, or close the tank in accordance with Articles 3, 6, or 7, respectively. 
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Table 3.2   

Methods of Monitoring for Hazardous Substances in the InterstitialSpace of an Underground Storage Tank System 
 

Methods of Monitoring 
 

Condition 
of the 

Secondary  
System [1] 

Type of 
Substance 

Stored 

Liquid 
Level 

Indicator[2] 

Hazardous 
Substance 
Sensor[3] 

Vapor 
Monitor 

Pressure or 
Vacuum Loss 
Detector[4] 

 
Dry 

 
Volatile 

 
X 

 
X 

 
X 

 
X 

Dry Nonvolatile X X  X 
Wet Volatile X X  X 
Wet Nonvolatile X X  X 

 
[1]  A "dry" system does not contain liquid within the secondary containment during normal operating conditions while 
a "wet" system does. 
[2] Includes continuously operated mechanical or electronic devices. 
[3]  Includes either qualitative or quantitative determinations of the presence of the hazardous substance. 
[4] Detects changes in pressure or vacuum in the interstitial space of an underground storage tank with secondary 
containment. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281 and 25291, Health and Safety Code; 40 CFR 280.43. 
 
 
§ 2633. Alternate Construction Requirements for New Underground Storage Tanks Containing Motor Vehicle Fuel. 
 
(a) This section sets forth alternate construction requirements for new underground storage tanks which contain only motor 
vehicle fuels. Owners or operators of new underground storage tanks which contain only motor vehicle fuels may comply with 
this section in lieu of section 2631. If the tanks are constructed in accordance with the requirements of this section, they shall be 
monitored in accordance with section 2634. 
 
(b) Underground storage tanks used for storage of motor vehicle fuel and constructed in accordance with this section shall be 
composed of fiberglass-reinforced plastic, cathodically protected steel, or steel clad with fiberglass-reinforced plastic. These 
tanks shall be installed with the leak interception and detection system constructed in accordance with the requirements of 
subsections (d) through (f). The primary containment system shall meet the requirements of sections 2631(b) and 2631(c). 
 
(c) Underground storage tanks used for storage of motor vehicle fuel that are constructed of materials other than those specified 
in subsection (b) shall be constructed in accordance with section 2631 and monitored in accordance with section 2631 and 
monitored in accordance with section 2632. 
 
(d) The floor of a leak interception and detection system shall be constructed on a firm base and sloped to a collection sump. 
Methods of construction for a leak interception and detection system using membrane liners shall comply with the requirement of 
section 2631(d)(6). 
 
(e) Access casings shall be installed in the collection sump of a secondary containment system which has backfill in the 
interstitial space. The access casing shall be: 
 
 (1) Designed and installed to allow the liquid to flow into the casing; 
 

(2) Sized to allow efficient removal of collected liquid and to withstand all anticipated applied stresses using appropriate 
engineering safety factors; 

 
(3) Constructed of materials that will not be structurally weakened by the stored hazardous substances or donate, capture, or 
mask constituents for which analyses will be made; 

 
(4) Screened along the entire vertical zone of permeable material which may be installed between the primary container and 
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the leak interception and detection system; 
 

(5) Capable of preventing leakage of any hazardous substance from the casing to areas outside the leak interception and 
detection system; 

 
(6) Extended to the ground surface and covered with a locked waterproof cap or enclosed in a secured surface structure that 
will protect the access casing(s) from entry of surface water, accidental damage, unauthorized access, and vandalism. A 
facility with locked gates will satisfy the requirements for protection against unauthorized access and vandalism; and 

 
 (7) Capable of meeting requirements of local well-permitting agencies. 
 
(f) The leak interception and detection system shall prevent the leaked hazardous substance from entering  ground water. The 
leak interception and detection system shall be situated above the highest anticipated ground water elevation. Proof that the leak 
interception and detection system will protect ground water shall be demonstrated by the owner or operator of the underground 
storage tank to the satisfaction of the local agency. In determining whether the leak interception and detection system will 
adequately protect ground water, the local agency shall consider the following: 
 
 (1) The containment volume of the leak interception and detection system; 
 

(2) The maximum leak which could go undetected under the monitoring method required in section 2634 and the maximum 
period during which the leak will go undetected; 

 
 (3) The frequency and accuracy of the proposed method of monitoring the leak interception and detection system; 
 
 (4) The depth from the bottom of the leak interception and detection system to the highest anticipated level of ground water; 
 

(5) The nature of the unsaturated soils under the leak interception and detection system and their ability to absorb 
contaminants or to allow movement of contaminants; 
(6) The effect of any precipitation or subsurface infiltration on the movement of any leak of hazardous substance and the 
available volume of the leak interception and detection system; and 

 
(7) The nature and timing of the response plan required by section 2634  to clean up any hazardous substances which have 
been discharged from the primary container. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281 and 25291, Health and Safety Code; 40 CFR 280.20. 
 
 
§ 2634. Monitoring and Response Plan Requirements for New Underground Storage Tanks Containing Motor Vehicle 
Fuel  and Constructed Pursuant to Section 2633. 
 
(a) This section applies only to underground storage tanks containing motor vehicle fuel and which are constructed in accordance 
with section 2633. 
 
(b) Owners or operators of tanks which are constructed pursuant to section 2633 and which contain motor vehicle fuel shall 
implement a monitoring program approved by the local agency and specified in the tank operating permit. 
 
(c) New tanks which contain motor vehicle fuel and which are constructed in accordance with section 2633 shall be monitored as 
follows: 
 
 (1) The leak interception and detection system shall be monitored in accordance with subsection (d) of this section; 
 
 (2) The motor vehicle fuel inventory shall be reconciled according to the performance requirements in section 2646; and, 
 
 (3) All underground piping shall be tested and monitored in accordance with section 2636. 
 
(d)  Before implementing a monitoring program, the owner or operator shall demonstrate to the satisfaction of the local agency 
that the program is effective in detecting an unauthorized release from the primary container before it can escape from the leak 
interception and detection system. A monitoring program for leak interception and detection systems shall meet the following 
requirements: 
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 (1) The system shall detect any unauthorized release of the motor vehicle fuel using either: 
 

(A) One or more of the continuous monitoring methods provided in Table 3.2. The system shall be connected to an 
audible and visual alarm system approved by the local agency; or, 

 
(B) Manual monitoring. If this method is used, it shall be performed daily, except on weekends and recognized state 
and/or federal holidays, but no less than once in any 72 hour period. Manual monitoring may be required on a more 
frequent basis as specified by the local agency. 

 
 (2) The owner or operator shall prepare a written procedure for routine monitoring which establishes: 
 
  (A) The frequency of performing the monitoring; 
 
  (B) The methods and equipment to be used for performing the monitoring; 
 
  (C) The location(s) where the monitoring will be performed; 
 

(D) The name(s) and title(s) of the person(s) responsible for performing the monitoring and/or maintaining the 
equipment; 

 
  (E) The reporting format; 
 

(F) The preventive maintenance schedule for the monitoring equipment. The maintenance schedule shall be in 
accordance with the manufacturer's instructions; and 

 
  (G) A description of the training necessary for the operation of both the tank system and the monitoring equipment. 

 
(3) For methods of monitoring where the presence of the hazardous substance is not determined directly, for example, where 
liquid level measurements are used as the basis for determination (i.e., liquid level measurements), the monitoring program 
shall specify the proposed method(s) for determining the presence or absence of the hazardous substance if the indirect 
method indicates a possible unauthorized release of motor vehicle fuel. 

 
(e) A response plan for an unauthorized release shall be developed before the underground storage tank system is put into 
service. If the leak interception and detection system meets the volumetric requirement of section 2631(d), the local agency shall 
require the owner to develop a response plan pursuant to the requirements of subsection 2632(d)(2). If the leak interception and 
detection system does not meet the volumetric requirements of section 2631(d)(1) through (5), the response plan shall consider 
the following: 
 
 (1) The volume of the leak interception and detection system in relation to the volume of the primary container; 
 

(2) The amount of time the leak interception and detection system shall provide containment in relation to the period of time 
between detection of an unauthorized release and cleanup of the leaked substance; 

 
 (3) The depth from the bottom of the leak interception and detection system to the highest anticipated level of ground water; 
 

(4) The nature of the unsaturated soils under the leak interception and detection system and their ability to absorb 
contaminants or to allow movement of contaminants; and 

 
(5) The methods and scheduling for removal all of the hazardous substances which may have been discharged from the 
primary container and are located in the unsaturated soils between the primary container and ground water, including the 
leak interception and detection system sump. 

 
Authority cited: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25291 and 25292, Health and Safety Code; 40 CFR 280.41. 
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§ 2635. Installation and Testing Requirements for All New Underground Storage Tanks. 
 
(a) Primary and secondary containment systems shall be designed, constructed, tested, and certified to comply, as applicable, 
with all of the following requirements: 
 

(1) All underground storage tanks shall be tested at the factory before being transported. The tests shall determine whether 
the tanks were constructed in accordance with the applicable sections of the industry code or engineering standard under 
which they were built. 

 
(2) The outer surface of underground storage tanks constructed of steel shall be protected from corrosion as follows, except 
that primary containment systems installed in a secondary containment system and not backfilled do not need cathodic 
protection: 

 
(A) Field-installed cathodic protection systems shall be designed and certified as adequate by a corrosion specialist. 
The cathodic protection systems shall be tested by a cathodic protection tester within six months of installation and at 
least every three years thereafter. The criteria that are used to determine that cathodic protection is adequate as required 
by this section shall be in accordance with a code of practice developed in accordance with voluntary consensus 
standards. Impressed-current cathodic protection systems shall also be inspected no less than every 60 calendar days to 
ensure that they are in proper working order. 

 
(B) Underground storage tanks protected with fiberglass-reinforced plastic coatings, composites, or equivalent 
non-metallic exterior coatings or coverings, including coating/sacrificial anode systems, shall be tested at the 
installation site using an electric resistance holiday detector. All holidays detected shall be repaired and checked by a 
factory authorized repair service before installation. During and after installation, care shall be taken to prevent damage 
to the protective coating or cladding. Preengineered corrosion protection systems with sacrificial anodes shall be 
checked once every three years in accordance with the manufacturer's instructions. 

 
(3) Before installation, the tank shall be tested for tightness at the installation site in accordance with the manufacturer's 
written guidelines. If there are no guidelines, the primary and secondary containment shall be tested for tightness with air 
pressure at not less than 3 pounds per square-inch (20.68 k Pa) and not more than 5 pounds per square-inch (34.48 k Pa). In 
lieu of the above, an equivalent differential pressure test, expressed in inches of mercury vacuum, in the interstitial space of  
the secondary containment, is acceptable. The pressure (or vacuum in the interstitial space) shall be maintained for a 
minimum of 30 minutes to determine if the tank is tight. If a tank fails the tightness test, as evidenced by soap bubbles, or 
water droplets, installation shall be suspended until the tank is replaced or repaired by a factory authorized repair service. 
Following repair or replacement, the tank shall pass a tightness test. 

 
 (4) All secondary containment systems shall pass a post- installation test which meets the approval of the local agency. 
 

(5) After installation, but before the underground storage tank is placed in service, a tank integrity test shall be conducted to 
ensure that no damage occurred during installation. The tank integrity test is not required if the tank is equipped with an 
interstitial monitor certified by a third-party evaluator to meet the performance standards of a "tank integrity test" as defined 
in section 2611, or if the tank is tested using another method deemed by the State Water Resources Control Board to be 
equivalent. 

 
(6) All underground storage tanks shall be installed according to a code of practice developed in accordance with voluntary 
consensus standards and the manufacturer's written installation instructions. The owner or operator shall certify that the 
underground storage tank was installed in accordance with the above requirements as required by subsection (d) of this 
section. 

 
(7) All underground storage tanks subject to flotation shall be anchored using methods specified by the manufacturer or, if 
none exist, shall be anchored according to the best engineering judgment. 

 
(b) All underground storage tanks shall be equipped with a spill container and an overfill prevention system as follows: 
 

(1) The spill container shall collect any hazardous substances spilled during  product delivery operations to prevent the 
hazardous substance from entering the subsurface environment. The spill container shall meet the following requirements: 

 
  (A) If it is made of metal, the exterior wall shall be protected from galvanic corrosion. 
 
  (B) It shall have  a minimum capacity of five gallons (19 liters). 
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(C) It shall have a drain valve which allows drainage of the collected spill into the primary container or provide a 
means to keep the spill container empty. 

 
 (2) The overfill prevention system shall not allow for manual override and shall meet one of the following requirements: 
 

(A) Alert the transfer operator when the tank is 90 percent full by restricting the flow into the tank or triggering an 
audible and visual alarm; or 

 
(B) Restrict delivery of flow to the tank at least 30 minutes before the tank overfills, provided the restriction occurs 
when the tank is filled to no more than 95 percent of capacity; and activate an audible alarm at least five minutes before 
the tank overfills; or 

 
  (C) Provide positive shut-off of flow to the tank when the tank is filled to no more than 95 percent of capacity; or, 
 

(D) Provide positive shut-off of flow to the tank so that none of the fittings located on the top of the tank are exposed 
to product due to overfilling. 

 
(3) The local agency may waive the requirement for overfill prevention equipment where the tank inlet exists in an 
observable area,  the spill container is adequate to collect any overfill, and the tank system is filled by transfers of no more 
than 25 gallons at one time. 

 
(c) Secondary containment systems including leak interception and detection systems installed pursuant to section 2633 shall 
comply with all of the following: 
 

(1) The secondary containment system shall encompass the area within the system of vertical planes surrounding the exterior 
of the primary containment system. If backfill is placed between the primary and secondary containment systems, an 
evaluation shall be made of the maximum lateral spread of a point leak from the primary containment system over the 
vertical distance between the primary and secondary containment systems. The secondary containment system shall extend 
an additional distance beyond the vertical planes described above equal to the radius of the lateral spread plus one foot. 

 
(2) The secondary containment system shall be capable of preventing the inflow of the highest ground water anticipated into 
the interstitial space during the life of the tank. 

 
(3) If the interstitial space is backfilled, the backfill material shall not prevent the vertical movement of leakage from any 
part of the primary containment system. 

 
(4) The secondary containment system with backfill material shall be designed and constructed to promote gravity drainage 
of an unauthorized release of hazardous substances from any part of the primary containment system to the monitoring 
location(s). 

 
(5) Two or more primary containment systems shall not use the same secondary containment system if the primary 
containment systems store materials that in combination may cause a fire or explosion, or the production of a flammable, 
toxic, or poisonous gas, or the deterioration of any part of the primary or secondary containment system. 

 
(6) Drainage of liquid from within a secondary containment system shall be controlled in a manner approved by the local 
agency to prevent hazardous materials from being discharged into the environment. The liquid shall be analyzed to 
determine the presence of any of the hazardous substance(s) stored in the primary containment system prior to initial 
removal, and monthly thereafter, for any continuous discharge (removal) to determine the appropriate method for final 
disposal. The liquid shall be sampled and analyzed immediately upon any indication of an unauthorized release from the 
primary containment system. 

 
(7) For primary containment systems installed completely beneath the ground surface, the original excavation for the 
secondary containment system shall have a water-tight cover which extends at least one foot beyond each boundary of the 
original excavation. This cover shall be asphalt, reinforced concrete, or equivalent material which is sloped to drainways 
leading away from the excavation. Access openings shall be constructed as water-tight as practical. Primary containment 
systems with integral secondary containment and open vaults are exempt from the requirements of this subsection. 

 
(8) The actual location and orientation of the tanks and appurtenant piping systems shall be indicated on as-built drawings 
of the facility. Copies of all drawings, photographs, and plans shall be submitted to the local agency for approval. 
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(d) Owners or their agents shall certify that the installation of the tanks and piping, meets the conditions in subdivision (1) 
through (4) below. The certification shall be made on a "Certificate of Compliance for Underground Storage Tank Installation 
Form C" (see Appendix V). 
 

(1) The installer has met the requirements set forth in section 2715, subdivisions (g) and (h); 
 

(2) The underground storage tank, any primary piping, and any secondary containment, was installed according to 
applicable voluntary consensus standards and any manufacturer's written installation instructions; 

 
(3) All work listed in the manufacturer's installation checklist has been completed; and 

 
(4) The installation has been inspected and approved by the local agency, or, if required by the local agency, inspected and 
certified by a registered professional engineer who has education and experience with underground storage tank system 
installations. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25284.1, 25291 and 25299, Health and Safety Code; 40 CFR 280.20, 280.40-280.45. 
 
 
§ 2636. Design, Construction, Installation, Testing, and Monitoring Requirements for Piping. 
 
(a) Except as provided below, piping connected to tanks which were installed after July 1, 1987, shall have secondary 
containment that complies with the requirements of section 2631 for new underground storage tanks. This requirement does not 
apply to piping described as follows: 
 

(1) vent or tank riser piping, provided the primary containment system is equipped with an overfill prevention system 
meeting the requirements specified in sections 2635(b)(2)(B) or (C); or, 

 
 (2) vapor recovery piping if designed so that it cannot contain liquid-phase product; or, 
 
 (3) suction piping if the piping is designed, constructed, and installed as follows: 
 
  (A) The below-grade piping operates at less than atmospheric pressure  (suction piping); 
 

(B) The below-grade piping is sloped so that the contents of the pipe will drain back into the storage tank if the suction 
is released (gravity-flow piping); 

 
(C) No valves or pumps are installed below grade in the suction line. Only one check valve is located directly below 
and as close as practical to the suction pump; 

 
(D) An inspection method is provided which readily demonstrates compliance with subdivisions (A) through (C) 
above. 

 
(b) All corrodible underground piping, if in direct contact with backfill material, shall be protected against corrosion. Piping 
constructed of fiberglass-reinforced plastic, steel with cathodic protection, or steel isolated from direct contact with backfill, 
fulfills this corrosion protection requirement. Cathodic protection shall meet the requirements of section 2635(a)(2). 
 
(c) Underground primary piping shall meet all of the following requirements: 
 

(1) Primary piping in contact with hazardous substances under normal operating conditions shall be installed inside a 
secondary containment system which may be a secondary pipe, vault, or a lined trench. All secondary containment systems 
shall be sloped so that all releases will flow to a collection sump located at the low point of the underground piping. 

 
(2) Primary piping and secondary containment systems shall be installed in accordance with an industry code of practice 
developed in accordance with voluntary consensus standards. The owner or operator shall certify that the piping was 
installed in accordance with the above requirements of section 2635(d). The certification shall be made on the "Certificate of 
Compliance for Underground Storage Tank Installation Form C" (see Appendix V). 

 
(d) Lined trench systems used as part of a secondary containment system shall be designed and constructed according to a code 
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of practice or engineering standard approved by a state registered professional engineer. The following requirements shall also 
apply: 
 

(1) All trench materials shall be compatible with the substance stored and evaluated by an independent testing organization 
for their compatibility or adequacy of the trench design, construction, and application. 

 
 (2) The trench shall be covered and capable of supporting any expected vehicular traffic. 
 
(e) All new primary piping and secondary containments systems shall be tested for tightness after installation in accordance with 
manufacturer's guidelines. Primary pressurized piping shall be tested for tightness hydrostatically at 150 percent of design 
operating pressure or pneumatically at 110 percent of design operating pressure. If the calculated test pressure for pressurized 
piping is less than 40 psi, 40 psi shall be used as the test pressure. The pressure shall be maintained for a minimum of 30 minutes 
and all joints shall be soap tested. A failed test, as evidenced by the presence of bubbles, shall require appropriate repairs and 
retesting. if there are no manufacturer's guidelines, secondary containment systems shall be tested using an applicable method 
specified in an industry code or engineering standard. Suction piping and gravity flow piping which cannot be isolated from the 
tank shall be tested after installation in conjunction with an overfilled volumetric tank integrity test or other test method meeting 
the requirements of section 2643(f), if approved by the local agency. 
 
(f) Underground piping with secondary containment, including under-dispenser piping with secondary containment, shall be 
equipped and monitored with monitoring systems as follows: 
 

(1) All secondary containment, including under-dispenser containment, and under-dispenser spill control or containment 
systems shall be equipped with a continuous monitoring system that either activates an audible and visual alarm or stops the 
flow of product at the dispenser when it detects a leak. 

 
(2) Automatic line leak detectors shall be installed on underground pressurized piping and shall be capable of detecting a 3-
gallon per hour leak rate at 10 psi within 1 hour with a probability of detection of at least 95 percent and a probability of 
false alarm no greater than 5 percent, and shall restrict or shut off the flow of product through the piping when a leak is 
detected. 

 
(3) Until November 9, 2004, other monitoring methods may be used in lieu of the requirement in subdivision (2) if it is 
demonstrated to the satisfaction of the local agency that the alternate method is as effective as the methods otherwise 
required by this section. Continuous monitoring systems as described in subdivision (1), which shut down the pump in 
addition to either activating the audible and visual alarm or stopping the flow of product at the dispenser, satisfy the 
automatic line leak detector requirement of subdivision (2). 

 
(4) Monitoring shall be conducted on all underground pressurized piping with secondary containment at least annually at a 
pressure designated by the equipment manufacturer, provided that the method is capable of detecting a minimum release 
equivalent to 0.1 gallon per hour defined at 150 percent of the normal operating pressure of the product piping system at the 
test pressure with at least a 95 percent probability of detection and not more than a 5 percent probability of false alarm. 

 
(5) Continuous monitoring systems as described in subdivision (f)(1) satisfy the annual tightness testing requirement of 
subdivision (f)(4) if both of the following conditions are met: 

 
(A) The monitoring system shuts down the pump or stops the flow of product at the dispenser when a leak is detected 
in the under- dispenser containment. 

 
(B) The monitoring system for all product piping other than that contained in the under-dispenser containment is fail 
safe, and shuts down the pump when a leak is detected. 

 
(6) For emergency generator tank systems, continuous monitoring systems as described in subdivision (1), which activate an 
audible and visual alarm in the event of a leak or a malfunction of the monitoring system satisfy the automatic line leak 
detector requirement of subdivision (2), provided that the monitoring system is checked at least daily by either remote 
electronic access or on-site visual inspections. A log of daily checks shall be available for local agency review upon request. 

 
(g) Under-dispenser containment shall be designed, constructed, and installed in accordance with the following: 
 

(1) Owners or Operators of a UST system shall have the system fitted with under-dispenser containment, or an approved 
under-dispenser spill containment or control system according to the following schedule: 
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  (A) At the time of installation for systems installed after January 1, 2000. 
 

(B) By July 1, 2001, for systems installed after July 1, 1987 that are located within 1,000 feet of a public drinking water 
well, as identified pursuant to the state Geographic Information System mapping database. 

 
(C) By December 31, 2003, for systems not subject to subsection 2636(g)(1)(A) or (B). 

 
(2) Under-dispenser containment shall be designed, constructed, installed, and monitored in accordance with section 2631, 
2636(c)(2), 2636(e), and 2636(f). 

 
(3) A manufacturer of an under-dispenser spill containment or control system may apply to the Division of Water Quality 
Underground Storage Tank Program Manager for approval of the system. Owners or operators shall not install an under-
dispenser spill containment or control system that has not been approved. 

 
  (A) Applications for approval shall be submitted in writing and include the following: 
 

  (i) A description of the proposed system. 
 

(ii) Clear and convincing evidence that the system will protect the soil and beneficial uses of the waters of the 
state from unauthorized releases. 

 
(B) The Program Manager shall review the application to determine if the proposed system adequately protects the soil 
and beneficial uses of groundwater before determining whether to approve the proposed system. 

 
(C) The Program Manager may modify or revoke a previously issued approval if it finds that, based on new evidence, 
the approved system does not adequately protect the soil and beneficial uses of groundwater from unauthorized 
releases. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25284.1 25291 and 25299, Health and Safety Code; and 40 CFR 280.20 and  280.40-280.45. 
 
 
§ 2636.1.  Final Division Decisions Regarding Under-Dispenser Containment or Control Systems. 
 
(a) A manufacturer of an under-dispenser spill containment or control system who disagrees with a determination by the Program 
Manager not to approve the manufacturer's system under section 2636(g)(3)(B) or to modify or revoke a previously issued 
approval of the manufacturer's system under section 2636(g)(3)(C) may ask for a review by the Division Chief. 
 
(b) An appeal to the Division Chief must be in writing and must be accompanied by all material that the manufacturer wishes to 
be considered by the Division Chief, and by the Board in any subsequent review by the Board. The appeal must contain an 
explanation why the manufacturer believes the Program Manager's determination is erroneous, inappropriate, or improper. 
 
(c) The Division Chief shall render a Final Division Decision within 30 days of receipt of the appeal. A Final Division Decision 
is final and conclusive unless the manufacturer files a petition for review with the Board that is received by the Board within 30 
days from the date of the Final Division Decision. 
 
(d) The Division Chief may at any time, on the Division Chief's own motion, issue a Final Division Decision. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25284.1, Health and Safety Code. 
 
 
§ 2636.2.  Petition for Board Review Regarding Under-Dispenser Spill Containment or Control Systems. 
 
(a) A manufacturer may petition the Board for review of a Final Division Decision. 
 
(b) A petition for Board review shall contain the following: 
 
 (1) The name and address of the petitioner; 
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 (2) A statement of the date on which the petitioner received the Division’s final decision; 
 
 (3) A copy of the Final Division Decision that the Board is requested to review; 
 
 (4) An explanation why the petitioner believes the Final Division Decision is erroneous, inappropriate, or improper; 
 
 (5) A statement describing how the petitioner is damaged by the Final Division Decision; and 
 
 (6) A description of the remedy or outcome desired. 
 
(c) The petition shall be sent to the Board Chairperson, with copies sent to the Chief Counsel of the Board, and the Division 
Chief. 
 
(d) The petitioner may request a hearing for the purpose of presenting factual material not presented to the Division Chief or for 
oral argument or both. The request to present material that was not presented to the Division Chief must include a description of 
the factual material that the petitioner wishes to submit, the facts that the petitioner expects to establish, and an explanation of the 
reasons why the petitioner could not previously submit the new material to the Division Chief. The petitioner must include with 
the petition a copy of any new documentary material that the petitioner wishes to present to the Board. 
 
(e) The Division Chief may file a response to the petition with the Board within 30 days of the Board’s notification to the 
petitioner that the petition is complete. The Division must provide a copy of any response to the petitioner. The Board may 
extend the time for filing a response by the Division Chief. 
 
Authority:  Sections 25299.3 and 25299.7, Health and Safety Code. 
Reference:  Section 25284.1, Health and Safety Code.  
 
 
§ 2636.3. Defective Petitions. 
 
Upon the Board’s receipt of a petition which does not comply with section 2636.2 of this chapter, the Board, through its Chief 
Counsel, will advise the petitioner of the manner in which the petition is defective and allow a reasonable time within which an 
amended petition may be filed. If the Board does not receive a properly amended petition within the time allowed, the petition 
shall be dismissed. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code. 
Reference:  Section 25284.1, Health and Safety Code.  
 
 
§ 2636.4.  Action by the Board Regaring Under-Dispenser Spill Containment or Control Systems. 
 
(a) In response to the petition, the Board may: 
   

(1) Refuse to review the petition if it is late or fails to raise substantial issues that are appropriate for Board review; 
 

(2) Affirm the final decision that the Board has been requested to review; 
 
 (3) Set aside or modify the final decision that the Board has been requested to review; or 
 
 (4) Take such other action as the Board deems appropriate. 
 
(b) Before taking action, the Board may, at its discretion, hold a hearing, or provide for an informal meeting between the 
petitioner, the Division Chief, a member of the Board, and such other persons as the Board deems appropriate for the purpose of 
attempting to resolve the dispute. 
 
(c) If an evidentiary hearing is held, it shall be conducted in accordance with the California Code of Regulations, title 23, 
division 3, Chapter 1.5, article 2. 
 
(d) The Board reserves the right, at its discretion, to consider a petition upon its own motion. 
 

Authority: Sections 25299.3 and 25299.7, Health and Safety Code. 
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Reference:  Section 25284.1, Health and Safety Code.  
 
 
§ 2637.  Secondary Containment Testing. 
 
(a) Secondary containment systems installed on or after January 1, 2001 shall be tested upon installation, 6 months after 
installation, and every 36 months thereafter. Secondary containment systems installed prior to January 1, 2001 shall be tested by 
January 1, 2003 and every 36 months thereafter. 
 
(b) By December 31, 2002, the owner or operator of any secondary containment system that the owner or operator determines 
cannot be tested in accordance with this section shall replace the secondary containment system with a system that can be tested 
in accordance with this section. As an alternative, the owner or operator may submit a proposal and workplan for enhanced leak 
detection to the local agency in accordance with subdivisions 2644.1(a)(1), (2), (4), and (5) by July 1, 2002; complete the 
program of enhanced leak detection by December 31, 2002; and replace the secondary containment system with a system that can 
be tested in accordance with this section by July 1, 2005. The local agency shall review the proposed program of enhanced leak 
detection within 45 days of submittal or re-submittal. 
 
(c) Periodic testing of secondary containment systems shall be conducted using a test procedure that demonstrates that the system 
performs at least as well as it did upon installation. For example, if the secondary containment system was tested upon 
installation by using a test method that applied a pressure of 5 psi, then the periodic test must be conducted using a method that 
tests the system at an equivalent pressure. These tests shall be performed in accordance with manufacturer's guidelines or 
standards. If there are no manufacturer's guidelines or standards, secondary containment systems must be tested using an 
applicable method specified in an industry code or engineering standard. If there are no applicable manufacturers guidelines, 
industry codes, or engineering standards a test method approved by a state registered professional engineer shall be used. 
 
(d) Secondary containment testing shall be performed by either a service technician or a licensed tank tester, both of which must 
meet the requirements of section 2715, subdivision (i). 
 
(e) Underground storage tank owners and operators shall submit a copy of the test report to the local agency within 30 days of the 
completion of the test. 
 
(f) Owners and operators of underground storage tanks must notify the local agency at least 48 hours prior to conducting the test, 
unless this notification requirement is waived by the local agency. 
 
(g) Secondary containment systems where the continuous monitoring automatically monitors both primary and secondary 
containment, such as systems that are hydrostatically monitored or under constant vacuum, are exempt from periodic secondary 
containment testing. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code. 
Reference: Sections 25281, 25284.1, 25291 and 25292, Health and Safety Code; 40 CFR 280.41. 
 
 
§ 2638. Annual Certification of Monitoring Equipment. 
 
(a) All monitoring equipment used to satisfy the requirements of this article shall be installed, calibrated, operated and 
maintained in accordance with manufacturer's instructions, and certified every 12 months for operability, proper operating 
condition, and proper calibration. Written records shall be maintained as required in section 2712. 
 
(b) Persons performing installation, repair, maintenance, calibration, or annual certification of monitoring equipment shall meet 
the requirements set forth in section 2715, subdivision (i). 
 
(c) Annual monitoring equipment certification shall be made on a "Monitoring System Certification" form (see Appendix VI). 
 
(d) UST owners and operators shall submit a completed "Monitoring System Certification" form to the local agency within 30 
days after completion of the inspection. 
 
(e) The UST owner or operator shall notify the local agency at least 48 hours prior to conducting the installation, repair, 
replacement, calibration, or certification of monitoring equipment unless the notification requirement is waived by the local 
agency. 
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(f) A person conducting UST monitoring equipment certification shall affix a tag/sticker on each monitoring equipment 
component that is being certified, repaired, or replaced. The tag/sticker shall be placed in a readily visible location and shall 
include the date the UST component was certified, repaired, or replaced, and the contractor's license number. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25281, 25284.1, 25291 and 25292, Health and Safety Code; 40 CFR 280.41. 
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Article 4. Existing Underground Storage Tank Monitoring Requirements 
 
§ 2640. General Applicability of Article. 
 
(a) The requirements of this article apply to owners or operators of existing underground storage tanks. 
 
(b) The requirements of this article apply during the following periods: 
 

(1) Any operating period, including any period during which the tank is empty as a result of withdrawal of all stored 
substances before input of additional hazardous substances; 

 
 (2) Any period during which hazardous substances are stored in the tank, and no filling or withdrawal is conducted; and 
 

(3) Any period between cessation of the storage of hazardous substances and the actual completion of closure, pursuant to 
Article 7, unless otherwise specified by local agency, pursuant to section 2671(b), during a temporary closure period. 

 
(c) This article shall not apply to underground storage tanks that are designed, constructed, installed, and monitored in 
accordance with Article 3. 
 
(d) Owners or operators of tanks monitored pursuant to section 25292(b)(5)(A) of the Health and Safety Code shall comply with 
the requirements of section 2645. Tank systems having a capacity of more than 2,000 gallons shall not be monitored pursuant to 
section 25292(b)(5)(A) of the Health and Safety Code. 
 
(e) An owner or operator of an underground storage tank system with a single-walled component that is located within 1,000 feet 
of a public drinking water well, as notified by the board according to its Geographic Information System mapping database, shall 
implement a program of enhanced leak detection or monitoring for that tank system in accordance with section 2644.1.  
Additionally, the following conditions for enhanced leak detection shall apply: 
 

(1) For the purpose of section 2644.1, vent or tank riser piping, vapor recovery piping, and suction piping that meet the 
definitions of section 2636(a)(1), (2), or (3), are not considered single-walled components. 
 
(2) Owners or operators notified by the board who believe that their facility is not subject to this requirement may request 
reconsideration by the Division of Clean Water Programs Underground Storage Tank Program Manager. The request shall 
be in writing and received by the Underground Storage Tank Program Manager within 60 calendar days of the date the 
notification was mailed. The Program Manager shall make a decision on the request, and notify the applicable local agency 
of this decision, within 90 calendar days of receipt of the request. 
 
(3) The request for reconsideration must include the name and address of the subject facility, the name and address of the 
owner or operator submitting the request, and the reason(s) why the requester believes the board notification was in error.  If 
the request is based on evidence that the UST system in question is greater than 1,000 feet from a public drinking water 
well, the request shall include a demonstration that the center of the well head is more than 1,000 ft from the closest 
component of the UST system. If the request is based on evidence that the subject UST system does not have a single-walled 
component, the request shall include supporting documentation. A copy of the request shall be concurrently submitted to the 
local agency. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292 and 25292.4, Health and Safety Code; 40 CFR 280.40,  280.42 and 280.43(b). 
 
 
§ 2641. Monitoring Program Requirements. 
 
(a) Owners or operators of existing underground storage tanks subject to this article shall implement a monitoring program which 
is capable of detecting an unauthorized release from any portion of the underground storage tank system at the earliest possible 
opportunity. 
 
(b) Underground piping shall be exempt from monitoring requirements if the local agency determines that the piping has been 
designed and constructed in accordance with section 2636(a)(3). 
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(c) All underground piping that operates at less than atmospheric pressure, unless it is exempt from monitoring under subsection 
(b), shall comply with the monitoring requirements of section 2643(d) and shall also include daily monitoring as described in 
Appendix II. 
 
(d) All portions of the underground storage tank system shall be visually monitored in accordance with section 2642.  A portion 
of the underground storage tank shall be exempt from visual monitoring if the owner demonstrates to the satisfaction of the local 
agency that one or more of the following conditions apply to that portion: 
 
 (1) It is not accessible for direct viewing; 
 

(2) Visual inspection would be hazardous or would require the use of extraordinary personal protection equipment other 
than normal protective equipment such as steel-toed shoes, hard hat, or ear protection; or 

 
 (3) The underground storage tank is located at a facility which is not staffed on a daily basis. 
 
(e) Non-visual monitoring shall be implemented for all portions of the underground storage tank which are exempt under 
subsection (d) and, for the underground storage tank, during periods when visual monitoring required under subsection (d) is not 
conducted. This non-visual monitoring shall include a quantitative release detection method as specified in section 2643 or a 
qualitative release detection method as specified in section 2644 or a combination of these methods as approved by the local 
agency. 
 
(f) Non-visual monitoring for underground pressurized piping shall include a quantitative release detection method that complies 
with the performance requirements in section 2643(c)(1). 
 
(g) The monitoring program shall be approved by the local agency and shall be in compliance with the requirements of this 
article and with the underground storage tank operating permit. The local agency may require additional monitoring methods 
specified in the operating permit or more frequent monitoring as necessary to satisfy the objective in subsection (a). In deciding 
whether to approve a proposed monitoring program, or to require additional methods or more frequent monitoring, the local 
agency shall consider the following factors: 
 

(1) The volume and physical and chemical characteristics of the hazardous substance(s) stored in the underground storage 
tank; 

 
(2) The compatibility of the stored hazardous substance(s) and any chemical reaction product(s) with the function of 
monitoring equipment or devices; 

 
 (3) The reliability and consistency of the proposed monitoring equipment and systems under site-specific conditions; 
 
 (4) The depth and quantity of ground water and the direction of ground water flow; 
 
 (5) The patterns of precipitation in the region and any ground water recharge which occurs as a result of precipitation; 
 
 (6) The existing quality of ground water in the area, including other sources of contamination and their cumulative impacts; 
 

(7) The current and potential future uses (e.g., domestic, municipal, agricultural, industrial supply) of ground water in the 
area; 

 
 (8) The proximity and withdrawal rates of ground water users in the area; 
 

(9) The type, homogeneity, and range of moisture content of the backfill material and native soils and their probable effects 
on contaminant migration and detection; 

 
 (10) The presence of contamination in the excavation zone or surrounding soils; 
 
 (11) The proximity of the underground storage tank to surface waters; and 
 
 (12) Additional hydrogeologic characteristics of the zone surrounding the underground storage tank. 
 
(h) The monitoring program shall include written monitoring procedures and a response plan as set forth in section 2632(d). 
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(i) If the local agency does not approve the monitoring program, the owner or operator shall replace, repair, upgrade, or close the 
tank in accordance with the applicable provisions of this chapter and local agency approval. 
 
(j) Equipment and devices used to monitor underground storage tanks shall be installed, calibrated, operated, and maintained in 
accordance with section 2638. 
 
(k) When an unauthorized release is indicated during the installation of a release detection system, the owner or operator shall 
comply with the release reporting requirements of Article 5 and, if the release came from the existing tank, shall cease the 
installation process until the tank system is replaced, repaired, upgraded, or closed in accordance with the applicable provisions 
of this chapter. 
 
( l) When implementation of the monitoring program, or any condition, indicates that an unauthorized release may have occurred, 
the owner or operator shall comply with the release reporting requirements of Article 5 and shall replace, repair, or close the 
underground storage tank in accordance with the applicable provisions of this chapter. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25283, 25284.1, 25291 and 25292, Health and Safety Code; 40 CFR 280.40 and 280.41. 
 
 
§ 2642. Visual Monitoring. 
 
(a) An owner or operator who is required pursuant to section 2641(d) to implement a visual monitoring program shall comply 
with all of the following requirements: 
 

(1) All visible exterior surfaces of an underground storage tank, including any visible horizontal surface directly beneath the 
underground storage tank, shall be inspected at least daily by direct viewing. The inspection schedule shall be established so 
that some inspections are conducted when the substance in the underground storage tank is at its highest level; 

 
(2) A written statement of the routine monitoring procedure shall be available at the facility and the record shall include the 
frequency of visual inspections, the location(s) from which inspections will be made, the name(s) and title(s) of the 
person(s) responsible for inspections, and the reporting format; 

 
(3) Written records shall be maintained according to section 2712 of Article 10 and shall specify the liquid level in the 
underground storage tank at the time of each inspection. These records shall also include a description of any sampling, 
analyses, and testing procedures conducted to satisfy subsection (b) of this section, including any minimum levels of 
detection used. 

 
(b) If any liquid is observed around or beneath the underground storage tank system, the owner or operator shall determine if an 
unauthorized release has occurred. An underground storage tank integrity test shall be conducted, if necessary, to determine 
whether the underground storage tank system is leaking. If a leak is confirmed, the owner or operator shall comply with the 
release reporting requirements in Article 5 and shall replace, repair, upgrade, or close the tank in accordance with the applicable 
provisions of this chapter. 
 
(c) Visual monitoring of the exposed portion of a partially concealed underground storage tank shall not relieve an owner or 
operator from monitoring the concealed portion of the tank using a non-visual monitoring method as specified in section 2641. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25292 and 25293, Health and Safety Code. 
 
 
§ 2643. Non-Visual Monitoring/Quantitative Release Detection Methods. 
 
(a) Non-visual quantitative release detection methods shall comply with the requirements of this section. Subsection (b) contains 
monitoring requirements for underground storage tanks; subsection (c) for pressurized piping; subsection (d) for suction piping; 
and subsection (e) for gravity-flow piping. Examples of release detection methods that may be used to meet the requirements of 
this section are in Appendix III. 
 
(b) Quantitative release detection method used to monitor underground storage tanks shall be conducted according to one of the 
methods listed in subdivisions (1) through (5) below. These quantitative monitoring methods shall meet the requirements of 
section 2643(f) and shall be capable of detecting release rates specified in this section with at least a 95 percent probability of 
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detection and not more than a 5 percent probability of false alarm. 
 
 (1) Automatic tank gauge - 
 

The automatic tank gauge shall test the tank at least once per month after product delivery or when the tank is filled to 
within 10 percent of the highest operating level during the previous month and shall be capable of detecting a release of 0.2 
gallon per hour. The automatic tank gauge shall generate a hard copy of all data reported including time and date, tank 
identification, fuel depth, water depth, temperature, liquid volume, and the duration of the test. Automatic tank gauge 
systems installed on or after January 1, 1995, shall also generate a hard copy of the calculated leak rate and leak threshold. 

 
 (2) Automatic tank gauge plus manual inventory reconciliation - 
 

The automatic tank gauge shall test the tank at least once per month when the product level in the tank is at least three feet 
and shall be capable of detecting a release of 0.1 gallon per hour. The automatic tank gauge shall generate hard copies of 
data as specified in subdivision (b)(1) above. In addition, manual inventory reconciliation shall be conducted in accordance 
with section 2646 (except for subsection [b]). 

 
 (3) Statistical inventory reconciliation plus tank integrity testing - 
 

Statistical inventory reconciliation shall be conducted at least once per month in accordance with section 2646.1 and shall 
be capable of detecting a release of 0.2 gallon per hour. In addition, a tank integrity test shall be conducted once every two 
years in accordance with section 2643.1. 

 
 (4)  Manual inventory reconciliation plus tank integrity testing - 
 

Manual inventory reconciliation shall be conducted at least once per month in accordance with section 2646 and shall be 
capable of detecting a release of 1.0 gallon per hour. In addition, a tank integrity test shall be conducted once per year in 
accordance with section 2643.1. 

 
 (5) Other test methods - 
 

Other equivalent test methods may be used following review by the State Water Board for compliance with this section and 
section 2643(f). 

 
(c) Piping that conveys hazardous substances under pressure shall be monitored in accordance with subdivision (c)(1), and either 
subdivision (2) or (3). 
 

(1) Monitoring shall be conducted at least hourly at any pressure. The monitoring  method  shall be capable of detecting a 
release equivalent to 3.0 gallons per hour defined at 10 pounds per square inch pressure within one hour of its occurrence 
with at least a 95 percent probability of detection and not more than a 5 percent probability of false alarm. The leak 
detection method shall restrict or shut off the flow of product through the piping or trigger a visual and audible alarm if an 
unauthorized release occurs. If the use of piping is intermittent, leak detection monitoring is required only at the beginning 
or end of the period during which the piping is under pressure, but in any event there shall not be more than one hour 
between the time the equipment initiates the test and detection of an unauthorized release; and 

 
(2) Monitoring shall be conducted at least monthly at any pressure. The monitoring method shall be capable of detecting a 
minimum release equivalent to 0.2 gallon per hour defined at normal operating pressure; or, 

 
(3) Monitoring shall be conducted at least annually (once per calendar year) at a pressure designated by the equipment 
manufacturer. The monitoring method shall be capable of detecting a minimum release equivalent to 0.1 gallon per hour 
defined at 150 percent (one and one half times) the normal operating pressure. 

 
(d) Piping that conveys hazardous substances under less than atmospheric pressure (suction piping) shall be tested at least every 
three years at a pressure designated by the test equipment manufacturer. The test method shall by capable of detecting a minimum 
release equivalent to 0.1 gallon per hour defined at a minimum of 40 psi with at least a 95 percent probability of detection and 
not more than a 5 percent probability of false alarm. If the piping cannot be isolated from the tank for testing purposes, the piping 
shall be tested using an overfilled volumetric tank integrity test or other test method meeting the requirements of section 2643(f) 
if approved by the local agency. Daily monitoring shall be performed as described in Appendix II except for emergency generator 
systems, which may be monitored less often, but at least monthly. Written records describing the results of the monitoring shall 
be maintained in accordance with section 2712(b). 
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(e) Piping that conveys hazardous substances by the force of gravity  (excluding vertical drops) shall be monitored at least once 
every two years at a pressure designated by the test equipment manufacturer. The method shall be capable of detecting a 
minimum release equivalent to 0.1 gallon per hour defined at 40 psi. If the piping cannot be isolated from the tank for testing 
purposes, the piping shall be tested using an overfilled volumetric tank integrity test or other test method meeting the 
requirements of section 2643(f) if approved by the local agency. 
 
(f) Each quantitative release detection method, with the exception of manual inventory reconciliation and manual tank gauging, 
shall be certified to comply with the performance standard(s) specified in this section and shall be subject to limitations specified 
in the certification. This certification shall be obtained by the equipment manufacturer following one of the evaluation 
procedures in subdivisions (1) through (3) below: 
 

(1) An independent third party testing laboratory shall evaluate and approve the method using the appropriate "EPA 
Standard Test Procedure" for leak detection equipment in Appendix IV; or, 

 
(2) An independent third party testing laboratory shall evaluate and approve the method using a voluntary consensus 
standard that is intended for the method being evaluated; or, 

 
(3) An independent third party testing laboratory shall evaluate and approve the method using a procedure deemed 
equivalent to an EPA procedure. Any resultant certification shall include a statement by the association or laboratory that 
the conditions under which the test was conducted were at least as rigorous as those used in the EPA standard test 
procedure. This certification shall include statements that: 

 
(A) The method was tested under various conditions that simulate interferences likely to be encountered in actual field 
conditions (no fewer nor less rigorous than the environmental conditions used in the corresponding EPA test 
procedure); 

 
(B) Each condition under which the method was tested was varied over a range expected to be encountered in 75 
percent of the normal test cases; 

 
  (C) All portions of the equipment or method evaluated received the same evaluation; 
 

(D) The amount of data collected and the statistical analysis are at least as extensive and rigorous as the data collected 
and statistical analysis used in the corresponding EPA test procedure and are sufficient to draw reasonable conclusions 
about the equipment or method being evaluated; 

 
  (E) The full-sized version of the leak detection equipment was physically tested; and 
 

(F) The experimental conditions under which the evaluation was performed and the conditions under which the method 
was recommended for use have been fully disclosed and that the evaluation was not based solely on theory or 
calculation. 

 
(4) The evaluation results referred to in subsections (f)(2) and (f)(3) shall contain the same information and shall be reported 
following the same general format as the EPA standard results sheet as any corresponding EPA test procedure. 

 
(g) The underground storage tank owner or operator shall notify the local agency 48 hours before conducting a tank or piping 
integrity test unless the notification requirement is waived by the local agency. Within 30 calendar days of completion of an 
underground storage tank or piping integrity test, the tank owner or operator shall provide the local agency with a report. The 
results of any underground storage tank tests, other than those required by this article, performed on the underground storage 
tank or piping to detect an unauthorized release shall be reported by the owner or operator to the local agency within 30 calendar 
days of completion of the test. The report shall be presented in written and/or tabular format, as appropriate, and shall be at a 
level of detail appropriate for the release detection method used. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292, Health and Safety Code; 40 CFR 280.40-280.45. 
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§ 2643.1. Tank Integrity Testing Requirements. 
 
Tank integrity testing shall meet the requirements of section 2643(f) and shall be conducted using one of the two methods in 
subsections (a) or (b) below. Tank integrity test methods shall account for the effects of thermal expansion or contraction of the 
product, vapor pockets, tank deformation, evaporation or condensation, and the presence of water in the backfill: 
 
(a) A volumetric tank integrity test shall be capable of detecting a release of 0.1 gallon per hour from any portion of the tank 
when the tank is at least 65% full of product or at any product level if the product-filled portion of the tank is tested under 
pressure equivalent to that of a full tank. If any volumetric tank integrity test is conducted at a product level lower than the 
overfill protection device set point, a test meeting the requirements of subsection (b) must be used to test the ullage portion of the 
tank. 
 
(b) A nonvolumetric tank integrity test shall be capable of detecting a release of 0.1 gallon per hour from any portion of the tank 
at any product level. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292, Health and Safety Code; and 40 CFR 280.40 - 280.45. 
 
 
§ 2644. Non-Visual Monitoring/Qualitative Release Detection Methods. 
 
(a) An owner or operator who is required, pursuant to section 2641, to establish a non-visual monitoring program, shall comply 
with the requirements of this section if a qualitative release detection method is used. Each qualitative release detection method, 
including interstitial monitors, shall have an independent third-party evaluation to certify accuracy and response time of the 
detection method in accordance with procedures in Appendix IV. Examples of qualitative release detection methods that may be 
used are in Appendix III. 
 
(b) If vadose zone monitoring is used as a release detection method, it shall be conducted in accordance with section 2647. 
 
(c) If ground water monitoring is used as a release detection method, it shall be conducted in accordance with section 2648. 
 
(d) A qualitative release detection method which includes the installation of monitoring wells or drilling other borings shall 
comply with installation, construction, and sampling and analysis procedures in section 2649. 
 
(e) Underground pressurized piping that is monitored at least monthly by a non-visual qualitative release detection method 
satisfies the annual tightness test requirement of section 25292(e) of the Health and Safety Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292, Health and Safety Code; 40 CFR 280.43. 
 
 
§2644.1. Enhanced Leak Detection. 
 
(a) An owner or operator who is required, pursuant to section 2640(e), to implement a program of enhanced leak detection or 
monitoring shall comply with the requirements of this section as follows:    
 

(1) Enhanced leak detection means a test method that ascertains the integrity of an underground tank system by introduction, 
and external detection, of a substance that is not a component of the fuel formulation that is stored in the tank system.  
 
(2) The enhanced leak detection test method shall be third party certified, in accordance with section 2643(f), for the 
capability of detecting both vapor and liquid phase releases from the underground storage tank system. The enhanced leak 
detection test method shall be capable of detecting a leak rate of at least 0.005 gph, with a probability of detection of at least 
95% and a probability of false alarm no greater than 5%.   
 
(3) Owners and operators subject to the requirements of this section shall have a program of enhanced leak detection 
reviewed and approved by the local agency within 6 months following notification by the board The enhanced leak 
detection shall be implemented no later than 18 months following receipt of notification from the board and repeated every 
36 months thereafter.     
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(4) Owners and operators of underground storage tanks subject to the requirements of this section must notify the local 
agency at least 48 hours prior to conducting the enhanced leak detection test unless this notification requirement is waived 
by the local agency.   
 
(5) Owners and operators of underground storage tanks subject to the requirements of this section shall submit a copy of the 
enhanced leak detection test report to the board and the local agency within 60 days of completion of the test.   
 

Authority: Sections 25299.3, and 25299.7, Health and Safety Code. 
Reference:  Sections 25283, 25291, 25292 and 25292.4, Health and Safety Code; 40 CFR 280.40 and 280.41. 
 
 
§ 2645. Manual Tank Gauging and Testing for Small Tanks. 
 
(a) Manual tank gauging may be used as part of a non-visual monitoring program for existing underground storage tanks which 
have a total system capacity of 2,000 gallons or less and which can be taken out of service for at least 48 or 72 continuous hours 
each week as indicated in Table 4.1. 
 
(b) Manual tank gauging shall be conducted weekly in accordance with subsection (d). Piping testing shall be conducted in 
accordance with section 2643(c), (d), or (e). Tanks with a capacity of 1,001 to and including 2,000 gallons shall also receive a 
tank integrity test each year. Tanks with a capacity of 551 to and including 1,000 gallons shall also have an annual tank integrity 
test unless the gauging period is 60 hours or more. Requirements of section 2643(b) do not apply to tanks which are monitored in 
accordance with this section. 
 
(c) Manual tank gauging shall not be used on tanks with secondary containment and shall not be used as a leak detection method 
after December 22, 1998, for underground storage tanks with a capacity greater than 1,000 gallons. 
 
(d) Owners or operators of existing underground storage tanks who use manual tank gauging as part of a non-visual monitoring 
program shall conduct weekly gauging according to the following specifications: 
 

(1) Tank liquid level measurements shall be taken at the beginning and end of a gauging period which shall be at least 36 or 
60 continuous hours as set forth in Table 4.1 during which no liquid is added to or removed from the tank. The underground 
storage tank shall be secured to prevent inputs or withdrawals during the gauging period. No product shall be added to the 
tank within the 12-hour period preceeding the gauging period. The liquid level measurements shall be based on an average 
of two consecutive stick readings at both the beginning and end of the gauging period; and, 

 
(2) The equipment used shall be capable of measuring the level of the product over the full range of the tank's height to the 
nearest one-eighth of an inch; and, 

 
(3) If the variation between beginning and ending measurements exceeds the weekly or monthly standards set forth in Table 
4.1, a second 36-hour or 60-hour test shall begin immediately and all measurements and calculations checked for possible 
errors. If the second test confirms a variation which exceeds the weekly or monthly standards in Table 4.1,  a tank integrity 
test shall be conducted within 72 hours of completion of the second test. The local agency may extend this 72-hour period 
up to 30 calendar days, if all contents of the underground storage tank are safely and properly removed within the 72- hour 
period. 

 
(e) If the results of a tank integrity test confirm an unauthorized release, the owner or operator shall comply with the release 
reporting requirements of Article 5 and shall replace, repair, upgrade, or close the underground storage tank in accordance with 
the applicable provisions of this chapter. 
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Table 4.1 

Manual Tank Gauging Measurement Standards 
 

Tank Size 
(in Gallons) 

Weekly 
Standard 
One Test 
(Gallons) 

Monthly 
Standard 

Average of 
4 tests 

(Gallons) 

Testing 
Period 

*(hours) 

Totoal Time 
Out of Service 

(hours) 

550 or less  
 

10 5  36 48 

551 to and 
including 1,000 

12 6 60 72 

**551 to and 
including 1,000 

13  7 36 48 

**1,001 to and 
including 2,000 

26 13 60 72 

 
* The tank must be taken out of service at least 12 hours before the test (gauging) period begins. 
** An annual tank integrity test is required. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections  25292 and 25293, Health and Safety Code; 40 CFR 280.43. 
 

 
§ 2646. Manual Inventory Reconciliation. 
 
(a) Manual inventory reconciliation may be used as part of a non-visual monitoring program set forth in section 2643(b)(4) for 
existing underground storage tanks which contain motor vehicle fuels. 
 
(b) After January 1, 1993, manual inventory reconciliation shall not be used to comply with the requirements of this article where 
the existing ground water level or the highest anticipated ground water level is less than 20 feet below the bottom of the tank. 
The ground water level shall be determined in accordance with the requirements of section 2649(c). After December 22, 1998, 
manual inventory reconciliation shall not be used to satisfy underground storage tank monitoring requirements. 
 
(c) Each underground storage tank shall be individually monitored using a method that incorporates the following procedures: 
 

(1) Separate daily measurements shall be taken and recorded for both the motor vehicle fuel and any water layer. For the 
purpose of this section, "daily" means at least every day that motor vehicle fuel is added to or withdrawn from the tank, but 
no less than five days per week. The number of days may be reduced by the number of public holidays that occur during the 
week if there is no input to or withdrawal from the tank on the holiday. Local agencies may reduce the frequency of 
monitoring to not less than once every three days at facilities that are not staffed on a regular basis, provided that the 
monitoring is performed every day the facility is staffed. Measurements shall be: 

 
  (A) taken when no substance is being added to or withdrawn from the tank; 
 
  (B) performed by the owner, operator, or other designated persons who have had appropriate training; 
 
  (C) based on the average of two readings if dipstick or tape measurements are used. 
 

(D) determined by equipment capable of measuring the level of the product over the full range of the tank's height to 
the nearest one-eighth of an inch. If a dipstick is used to determine the product level, a substance capable of rendering 
the readings legible shall be applied to the dipstick before use, if necessary to obtain accurate readings; 

 
(E) determined by equipment capable of measuring, to the nearest one-eighth of an inch, water present in the bottom of 
the tank. If a dipstick is used, water-finding paste shall be applied to the dipstick. If the tank is not level, and the 
measurements are taken manually, the measurements shall be taken at the lowest end of the tank. 

 
(F) measured at the center of the longitudinal axis of the tank if access is available or measured at the lowest end of the 
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tank with a calibration measurement at both ends, if possible, to determine if any tank tilt exists, and, if so, its 
magnitude; and 
(G) converted to volume measurements based on a calibration chart for the tank. This chart shall, where feasible, take 
into account the actual tilt of the tank. 

 
(2) Daily readings shall be taken for  input and withdrawals. The amount of product inputs indicated by delivery receipt 
shall be compared with measurement of the tank inventory volume before and after delivery.  Product input shall be 
determined by a method that introduces the least amount of error in the monthly inventory reconciliation calculations. 
Underground storage tanks that are connected by a manifold may require time for the level to stabilize before a measurement 
is taken. Product shall be delivered to the tank through a drop tube that extends to within 12 inches of the bottom of the 
tank. 

 
(d) The daily variation shall be the difference between the physically measured inventory in storage and the calculated inventory 
in storage. The physically measured inventory shall be measured daily by taking a liquid level measurement and converting it to 
gallons using a calibration chart. The calculated inventory shall be determined daily by adding the amount of product added to 
the tank and subtracting the withdrawals from the inventory measured on the previous day. These variations shall be algebraically 
summed for a period of one month. If the  absolute value of the monthly variations exceeds a variation of 1.0 percent of the total 
monthly input to or withdrawals from the tank plus 130 gallons, the variation shall be investigated in accordance with subsection 
(e). 
 
(e) If the monthly manual inventory reconciliation exceeds the allowable variation, the owner or operator shall: 
 

(1) within 24 hours of completing inventory reconciliation which exceeds the allowable variation, notify the local agency of 
the suspected unauthorized release; 

 
(2) within 24 hours of discovering a variation which exceeds the allowable variation, review the inventory records for the 
preceding 30 days to determine if an error in calculations was made. If investigation shows that an error in calculations was 
made and that variations have not been exceeded, no further steps need to be taken; 

 
(3) within 24 hours of discovering a variation which exceeds an allowable variation, have all readily accessible facilities 
carefully inspected for leakage by appropriately trained persons. If an unauthorized release is detected, the owner or operator 
shall comply with the requirements of Article 5. If no unauthorized release is detected, the owner or operator shall continue 
with the following steps: 

 
(4) have dispenser meters, which determine the amount of product withdrawn from the tank, checked and recalibration, if 
necessary, within 24 hours of completing the procedure required in subdivision (3) above. Dispenser meters shall comply 
with California Code of Regulations, Title 4, Division 9, "Division of Measurement Standards, Department of Food and 
Agriculture." Meters shall be inspected by the County Department of Weights and Measures or a device repairman as 
defined in the California Business and Professions Code, Division 5, Chapter 5.5. This subdivision applies to all meters 
used for determining withdrawals, including those at non-retail facilities; 

 
(5) continue to conduct inventory reconciliation according to the requirements of this section. If a second 30-day period of 
data confirms the initial results, the owner or operator shall comply with the requirements of Article 5; and 

 
(6) conduct additional tests or investigations as required by the local agency and, if applicable, replace, repair, upgrade, or 
close the tank in accordance with the applicable provisions of this chapter. 

 
(f) Whenever any of the steps in subsection (e) of this section are performed, the results shall be documented in the monitoring 
record required under section 2712. If completion of any of the steps in subsection (e) indicates that the apparent excessive 
variation is not due to a release or tank failure, the remainder of the steps need not be completed. 
 
(g) On an annual basis, the owner or operator shall submit a written statement to the local agency verifying under penalty of 
perjury that all monthly reports were summarized and that all data are within allowable variations. If data exceeded allowable 
variations, the owner or operator shall provide the local agency with a list of times, dates, and corresponding variations which 
exceeded allowable variations. This information shall be signed by the owner or operator under penalty of perjury. 
 
(h) The transfer of hazardous substances into and out of the underground storage tank may continue while the steps in subsection 
(e) are being implemented, provided the steps are completed within the specified periods. Daily inventory readings and monthly 
reconciliation shall continue while the steps are being implemented. 
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(i) Dispenser meters which determines the amount of product withdrawn from the tank shall comply with the provisions of Title 
4, Division 9, "Division of Measurement Standards, Department of Agriculture." Meters shall be inspected and recalibrated by 
the County Department of Weights and Measures or a device repairman as defined in Division 5, Chapter 5.5 of the Business and 
Professions Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25291 and 25292, Health and Safety Code; 40 CFR 280.43. 
 
 
§ 2646.1. Statistical Inventory Reconciliation. 
 
(a) When approved by the local agency, statistical inventory reconciliation may be used as part of a non-visual monitoring 
program, set forth in section 2643(b)(3), for existing underground storage tanks which contain motor vehicle fuel. 
 
(b) Each underground storage tank shall be individually monitored using a method prescribed by section 2646(c). 
 
(c) On a monthly basis, the tank owner must provide the minimum number of data records to the statistical inventory 
reconciliation provider as required by that provider. The previous month's data may be included with the current month's data to 
total the minimum number of records necessary to complete the statistical inventory reconciliation. Data submissions to the 
statistical inventory reconciliation provider and subsequent receipt of reports from the provider shall be completed monthly 
within 20 calendar days of the end of the data collection period. To give the owner or operator an opportunity to become 
proficient in the use of statistical inventory reconciliation, the requirements in subsection (d) do not apply if any of the first three 
reports are inconclusive. The owner or operator shall inform the local agency of the results of the first three reports, regardless of 
the results. 
 
(d) If the results of a report are inconclusive or indicate a possible unauthorized release, the owner or operator shall, within 24 
hours of receipt of the report: 
 

(1) notify the local agency of the possible unauthorized release, and within 10 calendar days, submit a copy of the report to 
the local agency. The local agency may allow up to 10 additional calendar days in which to submit the report; 

 
 (2) inspect the inventory records for errors to determine if data were collected properly; 
 

(3) have all accessible portions of the underground storage tank system inspected for leakage by appropriately trained 
persons. If an unauthorized release is detected, the owner or operator shall comply with the requirements of Article 5. If no 
unauthorized release is detected, the owner or operator shall continue with the steps in subdivision (4) below: 

 
(4) have dispenser meters, which determine the amount of product withdrawn from the tank, checked and recalibrated if 
necessary within 48 hours of receipt of the report. Meters shall be recalibrated by the County Department of Weights and 
Measures or a device repair person as defined in the California Business and Professions Code, Division 5, Chapter 5.5. 
This subdivision applies to all meters used for determining withdrawals, including those at non-retail facilities. Dispenser 
meters shall comply with California Code of Regulations, Title 4, Division 9, "Division of Measurement Standards, 
Department of Food and Agriculture." 

 
(e) Daily readings shall continue to be taken and recorded during the investigation specified in subsection (d) above. If the 
second statistical inventory reconciliation report does not indicate a tight system, the owner or operator shall comply with the 
release reporting requirements of Article 5. 
 
(f) The owner or operator who reports a suspected release in accordance with subsection (e) above shall conduct additional tests 
or investigations as required by the local agency and, if necessary, replace, repair, upgrade, or close the tank in accordance with 
the applicable provisions of this chapter. 
 
(g) A tank integrity test meeting the requirements of section 2643.1 is also required every two years when statistical inventory 
reconciliation is used. The first tank integrity test shall be conducted within the first year of implementation of a monitoring 
program which includes statistical inventory reconciliation. 
 
(h) The owner or operation shall conduct a piping tightness test and, if necessary, a tank integrity test within 15 calendar days of 
receipt of two successive reports which are inconclusive or which indicate a possible unauthorized release. The local agency may 
also require a piping tightness test and, if necessary, a tank integrity test if frequent inconclusive results are reported. 
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(i) Piping connected to a tank which is monitored using statistical inventory reconciliation shall be tested in accordance with 
section 2643(c), (d), or (e). 
 
 
(j) On an annual basis, the owner or operator shall submit a written statement to the local agency which indicates the results from 
the statistical inventory reconciliation reports for the previous 12 months. 
 
(k) Dispenser meters which determine the amount of product withdrawn from the tank shall comply with the provisions of Title 
4, Division 9, "Division of Measurement Standards, Department of Agriculture." Meters shall be inspected and recalibrated by 
the County Department of Weights and Measures or a device repair person as defined in Division 5, Chapter 5.5 of the Business 
and Professions Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25291 and 25292, Health and Safety Code; and 40 CFR 280.43. 
 
 
§ 2647. Vadose Zone Monitoring Requirements. 
 
(a) Owners or operators of existing underground storage tanks who use vadose zone monitoring as part of a non-visual 
monitoring program shall comply with the requirements of this section. Vapor monitoring, soil-pore liquid monitoring, or a 
combination of these or other vadose zone monitoring methods may be used. 
 
(b) Vadose zone monitoring shall not be used as the sole release detection method of non-visual monitoring where the 
monitoring well cannot be located within the backfill surrounding the tank, or where the existing ground water level or the 
highest anticipated ground water level, including intermittent perched ground water, is less than ten feet below the bottom of the 
tank. Ground water levels shall be determined in accordance with section 2649(c). 
 
(c) Vadose zone vapor monitoring shall be conducted continuously. Other vadose zone monitoring shall be conducted at least 
weekly. All manual sampling in the vadose zone shall be conducted in accordance with section 2649(g). 
 
(d) The number, location, and depths of vadose zone monitoring points shall be selected to achieve the objective specified in 
section 2641(a). Where possible, monitoring points shall be located within the excavation backfill surrounding the underground 
storage tank. The owner or operator shall determine the exact location of the underground storage tank and associated piping 
before attempting to install monitoring wells and/or devices pursuant to local agency approved. 
 
(e) Vadose zone vapor monitoring shall comply with the following minimum requirements: 
 

(1) The vapor characteristics of the stored product, or a tracer compound placed in the underground storage tank system, 
shall be sufficiently volatile to result in a vapor level that is detectable by the monitoring devices; 

 
(2) Backfill materials and soils surrounding monitoring points shall be sufficiently porous to readily allow diffusion of 
vapors; 

 
(3) The level of background contamination in the excavation zone and surrounding soils shall not interfere with the method 
used to detect releases from the underground storage tank; 

 
(4) The monitoring devices shall be designed and operated to detect any significant increase in concentration above the 
background of the hazardous substance stored in the underground storage tank, a component or components of that 
substance, or a tracer compound placed in the tank system; 

 
(5) The location and depth of each monitoring point shall be placed according to the most probable movement of vapor 
through the backfill or surrounding soil; 

 
(6) Vapor monitoring wells located in the backfill shall be constructed so that any unauthorized release that may pond at the 
horizontal interface between the backfill and natural soils can be detected in the vapor well; and 

 
(7) All vapor monitoring wells shall be installed, constructed, and sampled according to the requirements specified in 
sections 2649(b), (c), (e) and (f). 

 
(f) Soil-pore liquid monitoring and other forms of vadose zone monitoring shall comply with the following minimum 
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requirements: 
 
 (1) The stored substance shall be susceptible to detection by the proposed release detection method; 
 

(2) The stored substance shall not corrode or otherwise attack the materials from which the detection system is constructed 
or otherwise render the detection system inoperable or inaccurate; and 

 
(3) Site-specific conditions (e.g., precipitation, ground water, soil- moisture, background contamination) shall not interfere 
with the operability and accuracy of the release detection method. 

 
(g) Compliance with the requirements of subsections (e) and (f) shall be based on a site-assessment including assessment of the 
underground storage tank excavation zone. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292, Health and Safety Code; 40 CFR 280.43. 
 
 
§ 2648. Ground Water Monitoring Requirements. 
 
(a) Owners or operators of existing underground storage tanks who use ground water monitoring as part of a non-visual 
monitoring program shall comply with the requirements of this section. Ground water monitoring may be used in combination 
with other quantitative or qualitative release detection methods or, where permissible under this section, as the sole release 
detection method. 
 
(b) Ground water monitoring may be used as the sole release detection method of non-visual monitoring for existing 
underground tanks only where all of the following conditions exist: 
 
 (1) The hazardous substance stored is immiscible with water and has a specific gravity of less than one; 
 

(2) Continuous monitoring devices or manual methods are used which are capable of detecting the presence of at least 
one-eighth of an inch of free product on top of the ground water in the monitoring wells. This capability shall be certified by 
an independent third party using an appropriate evaluation procedure. Examples of acceptable evaluation procedures are in 
Appendix IV; 

 
(3) The existing ground water level or the highest anticipated ground water level, including intermittent perched ground 
water, is less than 20 feet from the ground surface. These ground water levels shall be determined according to the 
requirements of section 2649(c); 

 
(4) The hydraulic conductivity of the soil(s) between the underground storage tank and the monitoring wells or devices is at 
least 0.01 cm/sec (e.g., the soil consists of gravels, coarse to medium sands, or other permeable materials); 

 
(5) The ground water proposed for monitoring has no present beneficial uses  (e.g., domestic, municipal, industrial, 
agricultural supply) or is not hydraulically connected to ground or surface water which has actual beneficial uses; and 

 
 (6) Monitoring wells or devices are located within the excavation zone or as close to the excavation zone as feasible. 
 
(c) Compliance with the conditions specified in subsection (b) shall be based on a site-assessment, including assessment of the 
areas within and immediately below the underground storage tank excavation zone. If ground water monitoring is approved as 
the sole release detection method of a non-visual monitoring program, the number and location of the monitoring wells and/or 
devices as approved by the local agency shall also be based on this site-assessment with minimum requirements as follows: 
 
 (1) Single tank - two wells, one at each end of the tank. 
 
 (2) Two or three tanks - three wells equally spaced. 
 
 (3) Four or more tanks - four wells, at least two of which shall be downgradient and the remainder equally spaced. 
 
 (4) Pipelines - additional wells, if needed, as determined by the local agency. 
 
(d) Ground water monitoring shall be conducted at least monthly or continuously. Any continuous monitoring system shall be 
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capable of detecting the presence of hazardous substance on top of the ground water in the monitoring well and shall allow 
periodic collection of samples. Ground water samples shall be analyzed by visual observation or field or laboratory analysis as 
approved by the local agency depending on the method of monitoring and the constituents being evaluated. The local agency may 
require periodic laboratory analysis where visual observation or field analysis does not provide an adequate degree of detection 
as compared to that of laboratory analysis. Sampling conducted which requires field or laboratory analysis shall comply with the 
minimum requirements of section 2649(g). 
 
(e) The number, location, and depths of ground water monitoring wells shall be selected to achieve the objective specified in 
section 2641(a). Monitoring wells shall be located as close as possible to the underground storage tank or the perimeter of the 
underground storage tank cluster, subject to the review and approval of the local agency. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292, Health and Safety Code; 40 CFR 280.43. 
 
 
§ 2649. Well Construction and Sampling Requirements. 
 
(a) Owners or operators who use a qualitative release detection method shall comply with the requirements of this section and 
any applicable requirements of sections 2644, 2647, and 2648. 
 
(b) The installation of all monitoring wells and the drilling of all other borings shall be in accordance with local permitting 
requirements or, in their absence, with the following requirements: 
 
 (1) All monitoring wells and all other borings shall be logged during drilling according to the following requirements: 
 

(A) Soil shall be described in the geologic log according to the Unified Soil Classification System as presented in 
Geotechnical Branch Training Manual Numbers 4, 5, and 6, published in January of 1986 (available from the Bureau 
of Reclamation, Engineering and Research Center, Attention: Code D-7923-A, Post Office Box 25007, Denver, 
Colorado 80225); 

 
  (B) Rock shall be described in the geologic log in a manner appropriate for the purpose of the investigation; 
 

(C) All wet zones above the water table shall be noted and accurately logged. Where possible, the depth and thickness 
of saturated zones shall be recorded in the geologic log; and 

 
(D) Geologic logs shall be prepared by a professional geologist or civil engineer, who is registered or certified by the 
State of California and who is experienced in the use of the Unified Soil Classification System. The geologic logs may 
also be prepared by a technician trained and experienced in the use of the Unified Soil Classification System who is 
working under the direct supervision of one of the aforementioned professionals, provided that the professional reviews 
the logs and assumes responsibility for the accuracy and completeness of the logs. 

 
 (2) All drilling tools shall be thoroughly steam cleaned immediately before each boring is started; 
 

(3) All well casings, casing fittings, screens, and all other components that are installed in a well shall be thoroughly cleaned 
before installation; 

 
(4) Soil and water sampling equipment and materials used to construct a monitoring well shall be compatible with the stored 
hazardous substance and shall not donate, capture, mask, or alter the constituents for which analyses will be made. All 
perforated casings used in the construction of monitoring wells shall be factory perforated; 

 
(5) Drilling fluid additives shall be limited to inorganic, non-hazardous materials which conform to the requirements of 
subsection (b)(4). All additives used shall be accurately recorded in the boring log; 

 
(6) Representative samples of additives, cement, bentonite, and filter media shall be retained for 90 calendar days for 
possible analysis for contaminating or interfering constituents; 

 
(7) If evidence of contamination is detected by sight, smell, or field analytical methods, drilling shall be halted until a 
responsible professional determines if further drilling is advisable; 

 
(8) All borings which are converted to vadose zone monitoring wells shall have the portion of the boring which is below the 
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monitored interval sealed with approved grout; 
 

(9) All borings which are not used for ground water or vadose zone monitoring shall be sealed from the ground surface to 
the bottom of the boring with an approved grout. All slurry-type grouts used to seal an abandoned boring or an abandoned 
well shall be emplaced by the tremie method; and 

 
(10) All monitoring wells shall be clearly marked and secured to avoid unauthorized access and tampering. Surface seals 
may be required by the local agency. 

 
(c) When installing a vadose zone or ground water monitoring well, the highest anticipated ground water level and existing 
ground water level shall be determined. Highest anticipated ground water levels shall be determined by reviewing all available 
water level records for wells within one mile of the site. Existing site ground water levels shall be established either by reviewing 
all available water level measurements taken within the last two years at all existing wells, within 500 feet of the underground 
storage tank which are perforated in the zone of interest, or by drilling at least one exploratory boring constructed as follows: 

 
(1) The exploratory boring shall be drilled downgradient, if possible, and as near as possible to the underground storage 
tank within the boundaries of the property encompassing the facility, but no further than ten feet from the underground 
storage tank; 

 
 (2) The exploratory boring may be of any diameter capable of allowing the detection of first ground water; 
 

(3) The exploratory boring shall be drilled to first perennial ground water, or to a minimum depth of 20 feet for vadose zone 
monitoring wells, or to a minimum depth of 30 feet for ground water monitoring wells if permitted by site lithology; 

 
(4) If ground water is encountered, and ground water monitoring is the monitoring method, the boring shall be converted to 
a ground water monitoring well consistent with the provisions of this section; and 

 
(5) If ground water is encountered, but ground water monitoring is not the monitoring method, or if the exploratory boring 
does not encounter ground water, the boring shall be sealed in accordance with the provisions of subsection (b)(9). 

 
(d) In addition to the requirements of subsection (b), all ground water monitoring wells shall be designed and constructed 
according to the following minimum requirements: 
 

(1) Ground water monitoring wells shall extend at least 20 feet below the lowest anticipated ground water level and at least 
15 feet below the bottom level of the underground storage tank. However, wells shall not extend through laterally extensive 
impermeable zones that are below the water table and that are at least five feet thick. In these situations, the well shall be 
terminated one to two feet into the impermeable zone; 

 
(2) Ground water monitoring wells shall be designed and constructed as filter packed wells that will prevent the migration of 
the natural soil into the well and with factory perforated casing that is sized to prevent migration of filter material into the 
well; 

 
(3) Ground water monitoring well casings shall extend to the bottom of the boring and shall be factory perforated from a 
point of one foot above the bottom of the casing to an elevation which is either five feet above the highest anticipated 
ground water level or to within three feet of the bottom of the surface seal or to the ground surface, whichever is the lowest 
elevation; 

 
 (4) All well casings shall have a bottom cap or plug; 
 

(5) Filter packs shall extend at least two feet above the top of the perforated zone except where the top two feet of the filter 
pack would provide cross-connection between otherwise isolated zones or where the ground surface is less than ten feet 
above the highest anticipated ground water level, the local agency may reduce the height of the filter pack so long as the 
filter pack extends at least to the top of the perforated zone. Under such circumstances, additional precautions shall be taken 
to prevent plugging of the upper portion of the filter pack by the overlying sealing material; 

 
(6) Ground water monitoring wells shall be constructed with casings having a minimum inside diameter of two inches and 
shall be installed in a boring whose diameter is at least four inches greater than the outside diameter of the casing; 

 
(7) Ground water monitoring wells shall be sealed in accordance with local permitting requirements or, in their absence, 
with the Department of Water Resources Standards for Well Construction (Reference Bulletins 74-81 and 74-90 on Water 
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Well Standards are available from the Department of Water Resources, Sacramento); 
 

(8) Seventy-two or more hours following well construction, all ground water monitoring wells shall be adequately 
developed and equilibrium shall be established prior to any water sampling; 
(9) Well heads shall be provided with a water-tight cap and shall be enclosed in a surface security structure that protects the 
well from surface water entry, accidental damage, unauthorized access, and vandalism. Traffic lids shall be clearly marked 
as monitoring wells; and 

 
(10) Pertinent well information including well identification, well type, well depth, well casing diameters (if more than one 
size is used), and perforated intervals shall be permanently affixed to the interior of the surface security structure and the 
well identification number and well type shall be affixed on the exterior of the surface security structure. 

 
(e) In addition to the requirements of subsection (b), all vadose zone vapor monitoring wells shall be cased and sealed as follows: 

 
(1) Well casings for vapor monitoring shall be fully perforated except for the portion adjacent to a surface seal and that 
portion used as a free liquid trap; 

 
(2) Surface seals for vapor wells that are completed no more than five feet below the bottom of the underground storage tank 
and which are above any free water zones may be required at the discretion of the local agency on a site- specific basis; 

 
(3) If surface seals for vapor wells are completed in or below a potential free water zone, the seal shall not extend below the 
top of the underground storage tank; and 

 
(4) Vapor wells need not be sealed against infiltration of surface water if constructed wholly within backfill that surrounds 
the underground storage tank and which extends to the ground surface. 

 
(f) Undisturbed (intact) soil samples shall be obtained from all borings for the installation of monitoring wells and all other 
borings and analyzed according to the following minimum requirements, unless the local agency waives this requirement under 
this subsection: 
 

(1) Borings shall be drilled and sampled using accepted techniques which do not introduce liquids into the boring and which 
will allow the accurate detection of perched and saturated zone ground water. If this cannot be accomplished using 
acceptable techniques, the requirement for soil sampling may be waived by the local agency provided, however, that 
installation of the vadose zone or ground water monitoring system shall be completed; and provided further, that once below 
the water table, borings need not be advanced using the same method that was used in the vadose zone; 

 
(2) Soil samples shall be obtained at intervals of five feet or less and at any significant change in lithology, beginning at the 
ground surface. Sampling is not required in unweathered bedrock which has little on no permeability; 

 
 (3) A soil sample shall be obtained at the termination depth of a dry boring regardless of the spacing interval; 
 

(4) Soil samples shall be of sufficient volume to perform the designated analyses including soil vapor and soil extract 
analyses and to provide any specified replicate analyses; 

 
(5) Soil samples shall be acquired, prepared, preserved, stored, and transported by methods that are appropriate for the 
objectives of the investigation which safeguard sample integrity and satisfy the requirements of subsection (g); 

 
(6) Samples shall be analyzed in a State-certified laboratory by methods that provide quantitative or qualitative results. 
Lower detection limits shall be verified by the laboratory; 

 
(7) Samples shall be analyzed for one or more of the most persistent constituents that have been stored in the underground 
storage tank. If the use of the underground storage tank has historically changed,  samples shall be analyzed for at least one 
constituent from each period of use. If the hazardous substance is known to degrade or transform to other constituents in the 
soil environment, the analysis shall include these degradation and/or transformation constituents; 

 
(8) If hazardous substances known or suspected to have been contained in the underground storage tank are detected at 
concentrations in excess of background concentrations (background concentrations shall be applicable only if the 
constituent occurs naturally at the site), further soil analysis is not necessary pursuant to this subsection. The hazardous 
substance(s) shall be assumed to have originated from the underground storage tank. In this situation, the remainder of the 
soil samples need not be analyzed pursuant to these regulations and the owner or operator shall comply with subdivision (9) 
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below. A permit shall not be granted unless further detailed investigation clearly establishes that the underground storage 
tank is not the source of the hazardous substance or that it has been properly repaired since the unauthorized release and that 
any subsequent unauthorized release from the underground storage tank can be detected despite the presence of the 
hazardous substance already in the environment; and 

 
(9) If soil analysis indicates that an unauthorized release has occurred, the owner or operator shall comply with the release 
reporting requirements of Article 5 and shall replace, repair, upgrade, or close the underground storage tank pursuant to the 
applicable provisions of this chapter. 

 
(g) The qualitative release detection method shall include consistent sampling and analytical procedures, approved by the local 
agency, that are designed to ensure that monitoring results provide a reliable indication of the quality of the medium (e.g., ground 
water, soil-pore liquid, soil vapor, or soil) being monitored. Some acceptable procedures are listed as references in Appendix I, 
Table C. The owner or operator shall provide a written detailed description, to be specified in the permit and to be maintained as 
part of the records required under section 2712 of Article 10, of the procedures and techniques for: 

 
(1) Sample collection (e.g., purging techniques, water level, sampling equipment, and decontamination of sampling 
equipment); 

 
 (2) Sample preservation and shipment; 
 
 (3) Analytical procedures; and 
 
 (4) Chain-of-custody control. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292, Health and Safety Code; 40 CFR 280.43. 
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Article 5. Release Reporting and Initial Abatement Requirements 
 
§ 2650. Reporting and Recording Applicability. 
 
(a) The requirements of this article apply to all owners or operators of one or more underground storage tanks storing hazardous 
substances. 
 
(b) The owner or operator shall record or report any unauthorized release from the underground storage tank, and any spill or 
overfill, in accordance with the appropriate sections of Chapter 6.7 of Division 20 of the Health and Safety Code and this article. 
 
(c) The owner or operator of an underground storage tank with secondary containment shall record any unauthorized release 
described in section 25294 of the Health and Safety Code in accordance with section 2651. 
 
(d) Owners or operators subject to the requirements of this article shall report all spills and overfills in accordance with section 
2652. 
 
(e) The owner or operator of an underground storage tank shall report to the local agency any unauthorized release described in 
sections 25295 and 25295.5 of the Health and Safety Code, and shall also record and report any of the following conditions in 
accordance with section 2652: 
 

(1) Any unauthorized release recorded or reported under subsections (c) or (d) which the owner or operator is unable to 
clean up or which is still under investigation within eight hours of detection; 

 
(2) The discovery by the owner or operator, local agency, or others of released hazardous substances at the site of the 
underground storage tanks or in the surrounding area. This includes the presence of free product or vapors in soils, 
basements, sewer and utility lines, and nearby surface or drinking waters; 

 
(3) Unusual operating conditions observed by the owner or operator including erratic behavior of product dispensing 
equipment, the sudden loss of product from the underground storage tank, or an unexplained presence of water in the tank, 
unless system equipment is found to be defective, but has not leaked, and is immediately repaired or replaced; and 

 
(4) Monitoring results from a release detection method required under Article 3 or Article 4 that indicate a release may have 
occurred, unless the monitoring device is found to be defective, and is immediately repaired, recalibrated or replaced, and 
additional monitoring does not confirm the initial results. 

 
(f) The reporting requirements of this article are in addition to any reporting requirements in section 13271 of Division 7 of the 
California Water Code and other laws and regulations. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25294, 29295 and 25295.5, Health and Safety Code; 40 CFR 280.52. 
 
 
§ 2651. Recording Requirements for Unauthorized Releases. 
 
(a) Owners or operators required by section 2650 to record a release or condition shall comply with the requirements of this 
section. 
 
(b) The operator's monitoring records, as required under section 2712 of Article 10, shall include: 
 
 (1) The operator's name and telephone number; 
 
 (2) A list of the types, quantities, and concentrations of hazardous substances released; 
 
 (3) A description of the actions taken to control and clean up the release; 
 

(4) The method and location of disposal of the released hazardous substances  (the monitoring record shall indicate whether 
a hazardous waste manifest was or will be used); 
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(5) A description of the actions taken to repair the underground storage tank and to prevent future releases. If this involves a 
change as described in section 25286 of the Health and Safety Code, notification pursuant to that section shall be made. 
(6) A description of the method used to reactivate the interstitial monitoring system after replacement or repair of the 
primary containment. 

 
(c) The integrity of the secondary containment shall be reviewed for possible deterioration under the following conditions: 
 

(1) Hazardous substance in contact with the secondary containment is not compatible with the material used for secondary 
containment; 

 
(2) The secondary containment is prone to mechanical damage from the mechanical equipment used to remove or clean up 
the hazardous substance collected in the secondary containment; or 

 
(3) Hazardous substances, other than those stored in the primary containment system, are added to the secondary 
containment to treat or neutralize the released hazardous substance and the added substance or resulting substance from 
such a combination is not compatible with the secondary containment. 

 
(d) If a recordable unauthorized release becomes a reportable unauthorized release due to initially unanticipated facts (e.g., 
secondary containment is breached due to deterioration), the release shall be reported pursuant to section 2652. 
 
(e) Whenever the local agency reviews the operator's monitoring reports and finds that one or more recordable unauthorized 
releases have occurred, the local agency shall review the information included in the monitoring records pursuant to subsection 
(a), shall review the permit, and may inspect the underground storage tank pursuant to section 2712 (e) and (f) of Article 10. If 
the local agency finds that the containment and monitoring requirements of Articles 3 or 4 can no longer be met, the local agency 
shall require the owner or operator to cease  operation of the underground storage tank system until appropriate modifications are 
made to comply with the requirements of Articles 3 or 4, as appropriate. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25291, 25292, 25294 and 29295, Health and Safety Code; 40 CFR 280.52. 
 
 
§ 2652. Reporting, Investigation and Initial Response Requirements for Unauthorized Releases. 
 
(a) Owners or operators required under section 2650 to report a release or condition, shall comply with the requirements of this 
section. 
 
(b) Within 24 hours after an unauthorized release or condition has been detected, or should have been detected, the owner or 
operator shall notify the local agency and shall investigate the condition, and take immediate measures to stop the release. If 
necessary, or if required by the local agency, the owner or operator shall remove the remaining stored substance from the tank to 
prevent further releases to the environment or to facilitate corrective action. If an emergency exists, the owner or operator shall 
also notify the State Office of Emergency Services. 
 
(c) Within five working days of detecting an unauthorized release, the owner or operator shall submit to the local agency a full 
written report which shall include but not limited to all of the following information to the extent that the information is known at 
the time of filing the report: 
 
 (1) Owner's or operator's name and telephone number; 
 
 (2) A list of the types, quantities, and concentrations of hazardous substances released; 
 
 (3) The approximate date of the release; 
 
 (4) The date on which the release was discovered; 
 
 (5) The date on which the release was stopped; 
 
 (6) A description of the actions taken to control and/or stop the release; 
 

(7) A description of the corrective and remedial actions, including investigations which were undertaken and will be 
conducted to determine the nature and extent of soil, ground water or surface water contamination due to the release; 
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(8) The method(s) of cleanup implemented to date, proposed cleanup actions, and a time schedule for implementing the 
proposed actions; 

 
(9) The method and location of disposal of the released hazardous substance and any contaminated soils or ground water or 
surface water. Copies of any completed hazardous waste manifests for off-site transport of these media shall be attached to 
the report; 

 
(10) A description of the proposed method(s) of repair or replacement of the primary and secondary containment. If this 
involves a change described in section 25286 of the Health and Safety Code,  notification pursuant to that section shall be 
made. 

 
 (11) A description of  additional actions taken to prevent future releases. 
 
(d) Until investigation and cleanup are complete, the owner or operator shall submit reports to the local agency or Regional 
Water Quality Board, whichever agency is overseeing the cleanup, every three months or more frequently as specified by the 
agency. Reports shall include but not be limited to, an update of the required information in subsection (c), and the results of all 
investigation monitoring or other corrective actions which have occurred during the reporting period. Information required by 
sections 2653 and 2654 shall be submitted as part of the periodic report to the agency. 
 
(e) The owner or operator shall conduct all necessary initial abatement and site characterization actions as required by sections 
2653 and 2654 and shall take additional corrective action as required by Article 11. 
 
(f) If the test results from either an investigation conducted under subsection (e) or from other procedures approved by the 
agency, fail to confirm that there has been an unauthorized release from the underground storage tank, no further investigation or 
corrective action is required. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25286, 25288 and 29295, Health and Safety Code; 40 CFR 280.52-280.53. 
 
 
§ 2653. Initial Abatement Action Requirements. 
 
(a) Owners or operators required to conduct initial abatement in accordance with section 2652(e) shall comply with the following 
requirements: 
 

(1) Remove as much of the hazardous substance from the underground storage tank as necessary to prevent further release to 
the environment. 

 
(2) Visually inspect any above ground releases or exposed below ground releases and prevent further migration of the 
released substance into surrounding soils and ground water. 

 
(3) Continue to monitor and mitigate any additional fire and safety hazards posed by vapors or free product that have 
migrated from the un derground storage tank excavation zone and entered into subsurface structures, such as sewers or 
basements. 

 
(4) Remedy hazards posed by contaminated soils that are excavated or exposed as a result of release confirmation, site 
investigation, or abatement activities. If these remedies include treatment or disposal of soils, the owner or operator shall 
comply with applicable State and local requirements. 

 
(5) Investigate to determine the possible presence of free product. If free product is present, begin removal thereof in 
accordance with section 2655. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25295, Health and Safety Code; 40 CFR 280.61 and 280.62. 
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§ 2654. Initial Site Characterization Requirements. 
 
(a) Owners or operators required to conduct initial site characterization in accordance with section 2652(e), shall comply with the 
requirements of this section. 
 
(b) The owner or operator shall promptly gather information about the underground storage tank site and the nature of the 
unauthorized release, including information obtained while confirming the release or completing initial abatement and free 
product removal. This information shall include, but is not limited to, the following: 
 
 (1) Data on the nature and estimated quantity of release; 
 

(2) Data from available sources and/or site investigations concerning the surrounding populations, water quality, use and 
approximate locations of wells potentially affected by the release, subsurface soil conditions, locations of subsurface 
utilities, climatological conditions, and land use. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25295, Health and Safety Code; 40 CFR 280.63. 
 
 
§ 2655. Free Product Removal Requirements. 
 
(a) At sites where investigations made pursuant to section 2652 indicate the presence of free product, the owner or operator shall 
comply with the requirements of this section. The owner or operator shall remove free product to the maximum extent 
practicable, as determined by the local agency, while continuing to take any actions required under sections 2652 through 2654. 
 
(b) Free product shall be removed in a manner that minimizes the spread of contamination into previously uncontaminated zones 
by using recovery and disposal techniques appropriate to the hydrogeologic conditions at the site. The free product removal 
process shall result in proper treatment, discharge or disposal of recovery by products in compliance with applicable local, state 
and federal regulations. 
 
(c) Abatement of free product migration shall be the predominant objective in the design of the free product removal system. 
 
(d) Flammable products shall be handled in a safe manner consistent with state and local requirements. 
 
(e) A free product removal report shall be submitted to the agency within 45 calendar days of release confirmation and shall 
include, but not be limited to: 
 
 (1) The name of the person(s) responsible for implementing the free product removal measures; 
 
 (2) The estimated quantity, type, and thickness of free product observed or measured in wells, boreholes, and excavations; 
 
 (3) The type of free product recovery system used; 
 

(4) Whether any discharge will take place on-site or off-site during the recovery operation and, if so, where this discharge 
will be located; 

 
 (5) The type of treatment applied to, and the effluent quality expected in, any discharge; 
 
 (6) The steps that have been or are being taken to obtain necessary permits for the discharge; and 
 
 (7) The means of disposal and/or proposed disposition of the recovered free product. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25295, Health and Safety Code; 40 CFR 280.64. 
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Article 6. Underground Storage Tank Repair and Upgrade Requirements 
 
§ 2660. General Applicability of Article. 
 
(a) This article describes the requirements for repairing or upgrading underground storage tank systems. Upgrades and repairs 
shall be properly conducted in accordance with this article and any additional manufacturer's specifications. 
 
(b) Section 2661 describes the  requirements for repairing underground storage tanks, piping, or other underground storage tank 
system components that have caused an unauthorized release as defined in sections 25294 and 25295 of the Health and Safety 
Code. 
 
(c) Section 2662(b) describes upgrade requirements for underground storage tanks containing hazardous substances other than 
motor vehicle fuel. Sections 2662(c), and (d) describe upgrade requirements for all underground storage tanks containing motor 
vehicle fuel. Underground storage tanks which contain motor vehicle fuel and which are constructed of fiberglass, other non- 
corrosive materials, steel clad with fiberglass, or steel clad with other noncorrosive materials, are not required to comply with the 
requirements of section 2662(c), but are required to meet the requirements of section 2662(d). 
 
(d) Section 2663 describes the requirements for upgrading or repairing tanks using interior lining. 
 
(e) Section 2664 describes the requirements for upgrading tanks using bladder systems. 
 
(f) Section 2665 describes the upgrade requirements for spill and overfill prevention equipment. 
 
(g) Section 2666 describes the upgrade requirements for underground piping. 
 
(h) Upgrade requirements for underground storage tanks, spill and overfill prevention, and underground piping shall be 
completed no later than December 22, 1998. Requirements for under-dispenser containment, or under-dispenser spill control or 
containment systems, shall be completed no later than December 31, 2003. 
 
(i) As a preventive measure, an owner or operator may upgrade any underground storage tank constructed of any material which 
is not under pressure and which contains  motor vehicle fuel as specified in sections 2662(a), (c), and (e). Before upgrading in 
accordance with this subsection, the owner or operator shall prove to the satisfaction of the local agency that the underground 
storage tank system has not caused an unauthorized release. If soil samples are taken, the owner or operator shall notify the local 
agency in advance of taking the samples. 
 
(j) Owners or operators shall maintain records of repairs, linings, and upgrades that demonstrate compliance with the 
requirements of this article for the remaining operating life of the tank. 
 
(k) Local agencies shall not approve a repair or upgrade unless it can be demonstrated that the underground storage tank system 
is structurally sound and the method of repair or upgrade will prevent unauthorized releases due to structural failure or corrosion 
during the operating life of the underground storage tank system. 
 
( l) The materials used in the repair or upgrading process shall be applied in accordance with nationally recognized engineering 
practices. 
 
(m) Materials used in repairs and upgrades shall be compatible with the existing underground storage tank system materials and 
shall not be subject to deterioration due to contact with the hazardous substances being stored. 
 
(n) Steel underground storage tanks that exhibit corrosion during the course of repair or upgrade shall comply with the cathodic 
protection requirements of section 2635(a)(2). 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25284.1, 25292, 25292.1 and 25296, Health and Safety Code; 40 CFR 280.21, 280.33 and 281.32(d). 
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§ 2661. Requirements for Repairing Underground Storage Tank. 
 
(a) Before repairing an underground storage tank system, the owner or operator shall comply with applicable requirements of 
Article 5. 
 
(b) Before repairing an underground storage tank system, the owner or operator shall demonstrate to the satisfaction of the local 
agency that the conditions and requirements specified in subsection 2660(k) will be met. When selecting a method of repair, the 
owner or operator shall take into consideration whether the cause of failure is isolated to the actual failure, is affecting other areas 
of the underground storage tank, or if any other cause of failure is affecting the primary container. 
 
(c) A tank may be repaired once using the interior lining method specified in section 2663. A previously lined tank may not be 
required using the interior lining method. 
 
(d) Holes in steel tanks shall be plugged using self-tapping bolts, boiler plugs, water-tight hydraulic cement, or by welding. In 
addition, holes in steel and fiberglass tanks shall be repaired as follows: 
 

(1) Repair areas shall be covered with epoxy or isophthalic polyester based resin. The resin shall be compatible with the 
intended use of the tank. 

 
(2) Fiberglass cloth with a minimum weight of 1.5 oz/yd that is silane- treated shall be worked completely into the resin 
base. The resin base shall be installed a minimum of two inches beyond the fiberglass cloth. 

 
(3) All repairs shall include installation of fiberglass cloth with a minimum dimension of 12 x 12 inches centered over the 
area to be repaired. Larger repairs shall require the cloth to be large enough to provide cloth coverage of at least five inches 
of cloth bonded to the tank wall, measured from the outermost edge of the repair to the cloth's edge. 

 
(4) A second layer of fiberglass cloth of the same weight as specified in subsection (d)(2) above, shall be installed directly 
over the primary cloth layer and shall be cut to overlap the primary patch by 1.5 inches on all sides. 

 
(5) The repair shall be allowed sufficient cure time, as determined by the resin manufacturer, to provide an acceptable base 
for tank lining installation. 

 
(e) Metal piping, pipe fittings, or tank fittings that have released product as a result of corrosion or other damage shall be 
replaced. Non-metal piping, pipe fittings, or tank fittings shall be repaired or replaced in accordance with manufacturer 
specifications. 
 
(f) Tanks and piping which have been repaired shall be tested for tightness within 30 calendar days following the date of 
completion of the repair. Tanks or piping that fail this test shall be repaired in accordance with this section or closed in 
accordance with Article 7. 
 
(g) A vapor or ground water monitoring system shall be installed to continuously monitor a tank repaired by lining for future 
unauthorized releases, in accordance with section 2647 or 2648, if no secondary containment system exists. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25296, Health and Safety Code; 40 CFR 280.33. 
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§ 2662. Requirements for Upgrading Underground Storage Tanks. 
 
(a) Before upgrading an underground storage tank system, the owner or operator shall demonstrate to the satisfaction of the local 
agency that the conditions and requirements specified in subsection 2660(k) will be met. 
 
(b) By December 22, 1998, all underground storage tanks containing hazardous substances other than motor vehicle fuel, shall be 
retrofitted with secondary containment meeting the requirements of Article 3. 
 
(c) By December 22, 1998, owners of motor vehicle fuel tanks constructed of steel shall retrofit those tanks with secondary 
containment meeting the requirements of Article 3, or  shall upgrade those tanks using one of the following options: 
 
 (1) Interior lining and cathodic protection: 
 

(A) Interior lining shall be installed in accordance with section 2663 except those requirements pertaining to non-steel 
tanks; and 

 
(B) Cathodic protection shall be designed, installed, and inspected as specified in section 2635(a)(2)(A). All cathodic 
protection wells shall be constructed in accordance with applicable state and local well regulations. 

 
 (2) Bladder system, and cathodic protection - 
 
 Bladder systems shall be installed in accordance with the requirements of section 2664. 
 
(d) By December 22, 1998, owners shall install a wear plate (striker plate) which meets the criteria in section 2631(c) under all 
tank openings that could be used for manual dipsticking. A drop tube-mounted bottom protector may fulfill this requirement. 
 
(e) An upgraded underground storage tank shall be closed in accordance with Article 7 at the end of the tank's operational life. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25291 and 25296, Health and Safety Code; 40 CFR 280.21. 
 
 
§ 2663. Interior Tank Lining Requirements. 
 
(a) Tank lining may be used to satisfy part of the upgrade requirements of section 2662 or to repair a tank pursuant to section 
2661. However, a tank that has been repaired using the interior lining method may not be repaired a second time with the interior 
lining method. The evaluations described in subsections (b) and (c) of this section shall be completed before the lining of a 
primary container may be authorized by the local agency. The local agency shall deny the proposed lining if the owner fails to 
demonstrate that the lined primary container will provide continued containment based on the evaluations described in 
subsections (b) and (c). 
 
(b) Appropriate tests shall be conducted by a special inspector who shall certify that the shell will provide structural support if 
the tank is lined. A copy of this certification shall be provided by the owner to the local agency. The special inspector shall make 
this certification by entering and inspecting the entire interior surface of the tank and shall base this certification upon of the 
following sets of procedures an criteria: 
 
 (1) If a tank is made of non-corrodible material, the following shall be performed: 
 
  (A) The tank shall be cleaned so that no residue remains on the tank wall surface; 
 

(B) The special inspector shall take interior diameter measurements and, if the cross-section of the tank has compressed 
more than one percent of the original diameter, the tank shall neither be certified nor returned to service unless the tank 
is excavated and repaired to correct the compression; 

 
(C) The special inspector shall conduct an interior inspection to identify any area where compression or tension 
cracking is occurring and shall determine whether additional fiberglass reinforcing is required for certification before 
the tank may be lined; and 

 
(D) If the special inspector does not certify the tank as suitable for lining because it failed a test conducted in 
accordance with subdivisions (1)(A) through (C) of this subsection, the tank shall be closed in accordance with Article 
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7. 
 

 (2) If the tank is constructed of steel or steel clad with a non-corrodible material, the following shall be performed: 
 
  (A) The tank interior surface shall be abrasive-blasted completely free of scale, rust, and foreign matter; and, 
 

(B) The entire tank interior shall be tested using a thickness gauge on a one-foot grid pattern with wall thicknesses 
recorded on a form that identifies the location of each reading. The tank shall be closed in accordance with Article 7 if 
the tank's average metal thickness is less than 75 percent of the original wall thickness or if the tank has any of the 
following defects: 

 
  1. An open seam or a split longer than three inches. 

 
2. A perforation larger than one and one half inches in diameter except directly below a gauging opening at the bottom 
of a tank where the perforation shall be no longer than two and one half inches in diameter. 

 
  3. Five or more perforations in any one square-foot area. 
 
  4. Multiple perforations of which any single perforation is larger than one half inch in diameter. 
 
 (3) A test approved by the State Water Board as comparable to the tests specified in subsections (b)(1) or (2) above. 
 
(c) The owner or operator shall demonstrate to the satisfaction of the local agency, based on the tests conducted in accordance 
with subsection (b) above, that a serious corrosion or structural problem does not exist. If the local agency or special inspector 
determines that a serious corrosion or structural problem exists, interior lining may be performed only if it can be demonstrated 
to the satisfaction of the local agency that new or additional corrosion protection will significantly minimize the corrosion and 
that the existing corrosion problem does not threaten the structural integrity or containment ability of the underground storage 
tank. 
 
(d) Before lining a tank, thin areas or other flaws in the tank walls which need additional reinforcing shall be reinforced in 
accordance with section 2661(d). 
 
(e) On and after August 9, 1992, the lining material and lining process shall be listed or certified by an independent testing 
organization based on voluntary consensus standards. 
 
(f) Before being returned to service, any tank which has been lined shall be internally inspected by a coatings expert or special 
inspector for conformance with the standards under which the tank was lined. This inspection shall be conducted in accordance 
with section 2663(h) except for subdivisions (h)(3) and (h)(5). 
 
(g) Following the lining process and before it is returned to service, the tank shall be given a tank integrity test. 
 
(h) If a steel tank is lined for the purpose of satisfying the requirements of section 2662(c), or if any tank is repaired using the 
interior lining method, it shall be inspected by a coatings expert or special inspector within ten years of lining and every five 
years thereafter. Written certification of the inspection shall be provided by the tank owner and the party performing the 
inspection to the local agency within 30 calendar days of completion of the inspection. The inspection  shall include all of the 
following: 
 
 (1) Determining that the tank has been cleaned so that no residue remains on the tank walls. 
 

(2) Determining that the tank has been vacuum tested at a vacuum of 5.3 inches of Hg for no less than one minute. This 
vacuum test is not required if the tank is constructed of fiberglass and is submerged in groundwater by more than 50% of its 
depth. 

 
(3) If the tank is constructed of fiberglass, taking interior diameter measurements to verify whether the cross-section has 
compressed by more than one percent of the original diameter. 

 
 (4) Visually checking the tank interior and lining for discontinuity, compression, tension cracking, and corrosion. 

 
(5) For steel tanks, testing the entire tank interior using a thickness gauge on a one-foot grid pattern with metal wall 
thickness recorded on a form that identifies the location of each reading in order to verify that average metal thickness is 
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greater than 75 percent of the original wall thickness. 
 

 (6) Testing for thickness and hardness of the lining in accordance with nationally recognized industry codes to verify that 
the lining meets the standards under which the lining was applied. 

 
(7) For steel tanks, testing the lining using an electrical resistance holiday detector in accordance with nationally-recognized 
industry codes. The owner or operator shall have all holidays repaired and checked in accordance with nationally recognized 
industry codes. 

 
 (8) Certification from the special inspector or coatings expert that: 
 
  (A) the tank is suitable for continued use for a minimum of five years. 

 
(B) the tank is suitable for continued use for a minimum of five years only if it is relined or other improvements are 
made. 

 
  (C) the tank is no longer suitable for continued use and shall be closed in accordance with Article 7. 
 
 (9) A lined tank shall be closed in accordance with Article 7 at the end of its operational life. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25292, 25292.1 and 25296, Health and Safety Code; 40 CFR 280.21 and 280.33. 
 
 
§ 2664. Requirements for Using Bladder Systems. 
 
(a) Bladder systems may be installed in tanks which store motor vehicle fuel only, may be used to satisfy part of the upgrade 
requirements in section 2662, and shall be installed and operated in accordance with this section. 
 
(b) Materials used in the bladder system and in the installation process shall be approved by an independent testing organization 
based on voluntary consensus standards, an industry code, or engineering standard for the applicable use of the bladder system. 
Evidence of this approval shall be provided to the local agency before the local agency authorizes the installation. The following 
conditions shall be met: 
 

(1) The bladder system shall be installed under the direct supervision of a representative of the bladder system fabricator or 
a contractor certified by the fabricator. 

 
(2) The entire interstitial space between the tank and the bladder shall be monitored in  accordance with subsection 
2632(c)(2). 

 
 (3) Materials used in the bladder system shall be product-tight and compatible with the substance stored. 
 
 (4) The bladder system shall include an internal striker plate (wear plate) which meets the requirements of section 2631(c). 
 

(5) If the underground storage tank is constructed of steel, cathodic protection shall be installed in accordance with section 
2635(a)(2)(A) and, before installing a bladder system, a special inspector shall certify that the underground storage tank has 
sufficient structural integrity to seal the interstitial space between the bladder and the underground storage tank and provide 
secondary containment. The special inspector shall make this certification by entering and inspecting the entire interior 
surface of the tank and shall base this certification upon the set of procedures and criteria specified in section 2663(b)(2), 
except that abrasive blasting is only required to the extent deemed necessary by manufacturers' specifications, or the special 
inspector, to assess the structural integrity of the underground storage tank. 

 
(6) The bladder installer shall certify in writing to the local agency that sufficient measures have been taken to minimize or 
eliminate the potential for the underground storage tank or interstitial monitoring system components to puncture the 
bladder. 

 
(7) Before installing a bladder, thin areas or other flaws in the underground storage tank walls that need additional 
reinforcing shall be reinforced in accordance with section 2661(d). 
(8) If required by manufacturers' specifications or the special inspector, the underground storage tank shall be lined in 
accordance with section 2663 prior to installation of the bladder only to the thickness deemed necessary by the more 
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stringent requirement of the manufacturers' specifications or the special inspector. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25292 and 25292.1, Health and Safety Code; 40 CFR 280.21, 280.32(d) and 281.33. 
 
§ 2665. Spill and Overfill Prevention Equipment Upgrade Requirements. 
 
By December 22, 1998, all underground storage tank systems shall be retrofitted with an overfill prevention system and a spill 
container which meet the requirements of section 2635(b). The local agency may waive the requirements for overfill prevention 
equipment if the conditions specified in section 2635(b)(3) are met. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25292 and 25292.1, Health and Safety Code; 40 CFR 280.21. 
 
 
§ 2666. Requirements for Upgrading Underground Piping. 
 
(a) By December 22, 1998, all underground piping containing hazardous substances other than motor vehicle fuel shall be 
retrofitted with secondary containment meeting the requirements of section 2636. 
 
(b) By December 22, 1998, all underground piping containing motor vehicle fuel and connected to an existing tank shall be 
retrofitted with secondary containment unless the owner or operator demonstrates to the local agency that the piping is 
constructed of fiberglass reinforced plastic, cathodically protected steel, or other materials compatible with stored products and 
resistant to corrosion. The secondary containment system shall meet the construction, installation, and monitoring requirements 
of section 2636. 
 
(c) By December 22, 1998, all automatic line leak detectors for underground pressurized piping which is not secondarily 
contained shall be capable of shutting off the pump when a release occurs. In addition, the pumping system shall shut down 
automatically if the automatic line leak detector fails or is disconnected. In lieu of the above, for underground storage tank 
emergency generator systems, the leak detector must be connected to an audible and visible alarm to indicate a release 
malfunction of the system. 
 
(d) All underground piping and secondary containment shall be tested for tightness after installation in accordance with section 
2636(e). 
 
(e) By December 31, 2003, all existing underground storage tanks shall be retrofitted with under-dispenser containment, or an 
under-dispenser spill containment or control system. The under-dispenser containment or under-dispenser spill containment or 
control system shall meet, where applicable, the requirements of 2636(h)(2), or 2636(h)(3). 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25284.1, 25292 and 25292.1, Health and Safety Code; 40 CFR 280.21. 
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Article 7. Underground Storage Tank Closure Requirements 
 
§ 2670. General Applicability of Article. 
 
(a) This article defines temporary and permanent underground storage tank closure and describes the nature of activities which 
shall be accomplished in order to protect water quality in each of these situations. 
 
(b) The temporary closure requirements of section 2671 shall apply to those underground storage tanks in which the storage of 
hazardous substances has ceased but the underground storage tank will again be used for the storage of hazardous substances 
within the next 12 consecutive months. At the end of 12 consecutive months during which the tank is temporarily closed, the 
local agency may approve an extension of the temporary closure period for a maximum additional period of up to 12 months. 
Owners and operators shall complete a site assessment in accordance with section 2672(d) before an extension may be granted by 
the local agency. The temporary closure requirements of section 2671 do not apply to underground storage tanks that are empty 
as a result of the withdrawal of all stored substances during normal operating practice prior to the planned input of additional 
hazardous substances. 
 
(c) The permanent closure requirements of section 2672 shall apply to those underground storage tanks in which the storage of 
hazardous substances has ceased and the tanks will not be used, or are not intended for use, for the storage of hazardous 
substances within the next 12 consecutive months. 
 
(d) The requirements of this article do not apply to those underground storage tanks in which hazardous substances continue to 
be stored but no input or withdrawals are being made. In these cases, the applicable containment and monitoring requirements of 
Articles 3 or 4 shall continue to apply. 
 
(e) During the period of time between cessation of hazardous substance storage and actual completion of underground storage 
tank closure pursuant to section 2671 or 2672, the applicable containment and monitoring requirements of Articles 3 or 4 shall 
continue to apply.  The time period between cessation of hazardous substance storage and application for temporary or 
permanent tank closure shall not exceed 90 calendar days.  Closure shall be completed within a reasonable time period as 
determined by the local agency. 
 
(f) At least 30 calendar days prior to closure, or within a shorter period of time approved by the local agency, the owner or 
operator who intends to close a tank shall submit to the local agency for approval, a proposal for compliance with section 2671 or 
2672, as appropriate. 
 
(g) Underground storage tanks that have had an unauthorized release do not qualify for temporary closure pursuant to section 
2671 until the owner or operator demonstrates to the satisfaction of the local agency that appropriate authorized repairs have 
been made which make the underground storage tank capable of storing hazardous substances in accordance with the permit 
issued by the local agency. 
 
(h) Underground storage tanks that have emitted an unauthorized release and that cannot be repaired by authorized methods shall 
be permanently closed pursuant to requirements of section 2672. 
 
(i) Decommissioned tanks and underground storage tanks, permanently closed on-site by cleaning and filling with an inert solid 
prior to January 1, 1984, need not comply with the closure requirements in this section unless required by the local agency. 
However, hazardous substances released from such tanks before or after the closure, shall be reported by the owner pursuant to 
Article 5 and shall be cleaned up pursuant to section 13304 of the Water Code, Article 11 of these regulations, and any other 
applicable law or regulations. 
 
(j) A regulated tank shall be subject to the requirements of subsections (d) and (e) of section 2672 before the local agency may 
grant exempt status to the tank. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25298, Health and Safety Code; 40 CFR 280.70, 280.71, 280.73 and 280.74. 
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§ 2671. Temporary Closure Requirements. 
 
(a) An owner or operator shall comply with all of the following requirements to complete and maintain temporary closure of an 
underground storage tank: 
 

(1) All residual liquid, solids, or sludges shall be removed and handled in accordance with the applicable provisions of 
Chapters 6.5 and 6.7 of Division 20 of the Health and Safety Code. 

 
(2) If the underground storage tank contained a hazardous substance that could produce flammable vapors at standard 
temperature and pressure, it shall be inerted, as often as necessary, to levels that will preclude an explosion or to lower 
levels as required by the local agency. 

 
(3) The underground storage tank may be filled with a noncorrosive liquid that is not a hazardous substance. This liquid 
shall be tested and the test results submitted to the local agency prior to removal from the underground storage tank at the 
end of the temporary closure period. 

 
 (4) Except for required venting, all fill and access locations and piping shall be sealed using locking caps or concrete plugs. 
 

(5) Power service shall be disconnected from all pumps associated with the use of the underground storage tank unless the 
power services some other equipment which is not being closed, such as the impressed-current cathodic protection system. 

 
(b) The monitoring required pursuant to the permit may be modified by the local agency during the temporary closure period. In 
making a decision to modify monitoring requirements, the local agency shall consider the need to maintain monitoring in order to 
detect unauthorized releases that may have occurred during the time the underground storage tank was used but that have not yet 
been detected.  In all cases, corrosion protection shall continue to be operated. 
 
(c) The underground storage tank shall be inspected by the owner or operator at least once every three months to verify that the 
temporary closure measures are still in place. The inspection shall include but is not limited to the following: 
 
 (1) Visual inspection of all locked caps and concrete plugs. 
 

(2) If locking caps are used, at least one shall be removed to determine if any liquids or other substances have been added to 
the underground storage tank or if there has been a change in the quantity or type of liquid added pursuant to subsection 
(a)(3) of this section. 

 
(d) At the end of a temporary closure period over 12 months, including any extension granted by the local agency, the owner may 
reuse the underground storage tank only if the tank meets the requirements of Article 3 for new underground storage tanks or is 
upgraded to meet the requirements of Article 6. 
 
(e) All new and existing underground storage tank systems which have been temporarily closed must continue to comply with 
repair and recordkeeping requirements, release reporting and investigation requirements, and release response and corrective 
action requirements specified in this chapter and Chapter 6.7 of the Health and Safety Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25298, Health and Safety Code; 40 CFR 280.70 and 281.36(a)(1). 
 
 
§ 2672. Permanent Closure Requirements. 
 
(a) Owners or operators of underground storage tanks subject to permanent closure shall comply with either subsection (b) for 
underground storage tank removal or subsection (c) for closure in place. It is not essential that all portions of an underground 
storage tank be permanently closed in the same manner; however, all closure actions shall be conducted in accordance with this 
section. Subsections (d) and (e) apply to all underground storage tanks subject to permanent closure. 
 
(b) Owners or operators of underground storage tanks subject to permanent closure shall comply with applicable provisions of 
Chapter 6.5 of Division 20 of the Health and Safety Code and with the following requirements: 
 

(1) All residual liquid, solids, or sludges shall be removed and handled as hazardous wastes or recyclable materials in 
accordance with Chapter 6.5 of the Health and Safety Code. 
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(2) If the underground storage tank contained a hazardous substance that could produce flammable vapors at standard 
temperature and pressure, it shall be inerted to levels that shall preclude explosion or to lower levels as required by the local 
agency. 

 
(3) When an underground storage tank or any part thereof is disposed of, the owner or operator shall document to the local 
agency that proper disposal has been completed. This documentation shall be submitted within the time frame specified by 
the local agency. 

 
(4) An owner or operator of an underground storage tank or any part thereof that is destined for a specific reuse shall advise 
the local agency, within the time frame specified by that agency, of: 

 
  (A) The name of the new owner and new operator of the underground storage tank; 
 
  (B) The location of intended use; and 
 
  (C) The nature of intended use. 
 
(c) Owners or operators of underground storage tanks subject to permanent closure where the tanks are approved to be closed in 
place shall comply with the applicable provisions of Chapters 6.5 and 6.7 of Division 20 of the Health and Safety Code and with 
the following requirements: 
 

(1) All residual liquid, solids, or sludges shall be removed and handled as a hazardous waste or recyclable materials in 
accordance with Chapters 6.5 and 6.7 of the Health and Safety Code. 

 
(2) If the underground storage tank contained a hazardous substance that could produce flammable vapors at standard 
temperature and pressure, it shall be inerted to levels that shall preclude explosion or to lower levels as may be required by 
the local agency. 

 
(3) All piping associated with the underground storage tank shall be removed and disposed of unless removal might damage 
structures or other pipes that are being used and that are contained in a common trench, in which case the piping to be 
closed shall be emptied of all contents and capped. 

 
(4) The underground storage tank, except for piping that is closed in accordance with subdivision (3), shall be completely 
filled with an inert solid, unless the owner intends to use the underground storage tank for the storage of a nonhazardous 
substance which is compatible with the previous use and construction of the underground storage tank. 

 
(d) The owner or operator of an underground storage tank being closed pursuant to this section shall demonstrate to the 
satisfaction of the local agency that no unauthorized release has occurred. This demonstration shall be based on soil sample 
analysis and/or water analysis if water is present in the excavation. This analysis shall be performed during or immediately after 
closure activities. If the demonstration is based on soil sample analysis, soil samples shall be taken and analyzed as follows: 
 

(1) If the underground storage tank or any portion thereof is removed, soil samples shall be taken immediately beneath the 
removed portions of the tank, a minimum of two feet into native material at each end of the tank in accordance with section 
2649. A separate sample shall be taken for each 20 linear-feet of trench for piping. 

 
(2) If the underground storage tank or any portion thereof is not removed, at least one boring shall be taken as close as 
possible to the midpoint beneath the tank using a slant boring (mechanical or manual), or other appropriate method such as 
vertical borings drilled on each long dimensional side of the tank as approved by the local agency. 

 
(3) Soils shall be analyzed in accordance with section 2649 for all constituents of the previously stored hazardous 
substances and their breakdown or transformation products. The local agency may waive the requirement for analysis of all 
constituents, breakdown or transformation products when key constituents that pose a significant threat to water quality or 
the environment can be identified for analysis. 

 
(e) The detection of any reportable unauthorized release shall require compliance with the applicable requirements of Articles 5 
and 11. 
 
Authority: Sections 25299.3, 25299.7 and 25299.77, Health and Safety Code.  
Reference: Sections 25298 and 25299.37, Health and Safety Code; 40 CFR 280.60 through 280.67, 280.71 and 281.36. 
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Article 8. Site-Specific Variance Procedures 
 
§ 2680. General Applicability of Article. 
 
(a) This article sets forth procedures for site-specific variances from the requirements for the construction and monitoring of new 
and existing underground storage tanks as described in Chapter 6.7 of Division 20 of the Health and Safety Code and Articles 3 
and 4 of this chapter. A site-specific variance, if approved, would apply only to the specific site(s) approved for a variance. These 
procedures are in addition to those established by the appropriate sections of Chapter 6.7 of Division 20 of the Health and Safety 
Code. 
 
(b) Section 2681 specifies the procedures that shall be followed by the applicant, local agency, and the Regional Water Quality 
Board for site- specific variance requests. 
 
Authority: Sections 25299.3, Health and Safety Code.  
Reference: Section 25299.4, Health and Safety Code. 
 
 
§ 2681. Site-Specific Variances. 
 
(a) A site-specific variance allows an alternative method of construction or monitoring which would be applicable at one or more 
sites within a local agency's jurisdiction. Application for a site-specific variance shall be made to the appropriate Regional Water 
Quality Board. 
 
(b) Prior to applying to the Regional Water Quality Board for a variance, the applicant shall submit a complete construction and 
monitoring plan to the local agency. The proposed alternative construction or monitoring methods which may require a variance 
shall be clearly identified. If the local agency decides that a variance would be necessary to approve the specific methods or if the 
local agency does not act within 60 calendar days of receipt of a complete construction and monitoring plan from the applicant, 
the applicant may submit the variance application to the Regional Water Quality Board. 
 
(c) An application for a site-specific variance shall include, but is not limited to: 
 
 (1) A description of the provision from which the variance is requested. 
 

(2) A detailed description of the complete construction and monitoring methods to be used. The proposed alternative 
program, method, device, or process shall be clearly identified. 

 
(3) Any special circumstances on which the applicant relies to justify the findings necessary for the variance, as prescribed 
by the appropriate section of Chapter 6.7 of Division 20 of the Health and Safety Code. 

 
(4) Clear and convincing evidence that the proposed alternative will adequately protect the soil and the beneficial uses of 
waters of the state from an unauthorized release. 

 
(5) Any environmental information or documentation requested by the Regional Water Quality Board  pursuant to the 
California Environmental Quality Act (Division 13, commencing with section 21000 of the Public Resources Code). 

 
(6) A list including names and addresses of all persons known to the applicant who may be affected by or may be interested 
in the variance request. 

 
(7) A fee not to exceed $2,750 for variance requests at one site. A fee not to exceed $5,500 for variance requests at more 
than one site within one local agency's jurisdiction. 

 
(d) The Regional Water Quality Board shall review all applications submitted and shall notify the applicant in writing within 30 
calendar days of receipt of the application whether the application is complete. 
 
(e) The Regional Water Quality Board shall hold a hearing on the proposed variance as specified in section 25299.4(c) of the 
Health and Safety Code. 
 
(f) Any site-specific variance shall prescribe appropriate additional conditions and shall describe the specific alternative system 
for which the variance is being granted. The Regional Water Quality Board shall notify the applicant, the local agency, and the 
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State Water Board of its decision. 
 
(g) If the variance is approved, the local agency shall issue a permit to the applicant which includes the conditions prescribed by 
the Regional Water Quality Board. A local agency shall not modify the permit unless it determines that the modification is 
consistent with the variance that has been granted. 
 
(h) The Regional Water Quality Board shall modify or revoke a variance upon a finding that the proposed alternative does not 
adequately protect the soil and the beneficial uses of the waters of the state from an unauthorized release. The Regional Water 
Quality Board shall not modify nor revoke the variance until it has followed procedures comparable to those prescribed in this 
section and Chapters 1.5 and 6 of Division 3 of Title 23 of the California Code of Regulations. The Regional Water Quality 
Board shall notify the local agency and the State Water Board of the modification or revocation. The local agency shall modify or 
revoke the permit for the site. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25299.4, Health and Safety Code. 
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Article 9. Local Agency Requests for Additional Design and Construction Standards 
 
§ 2690. General Applicability of Article. 
 
This article sets forth procedures by which local agencies may request State Water Board authorization for design and 
construction standards other than those set by Article 3. These procedures are in addition to those established by Chapter 6.7 of 
Division 20 of the Health and Safety Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25299.2 and 25299.4, Health and Safety Code. 
 
 
§ 2691. Procedures for Requesting Additional Standards. 
 
(a) A local agency application for additional design and construction standards shall include: 
 

(1) A description of the proposed design and construction standards which are in addition to those described in Article 3 of 
this chapter. 

 
(2) Clear and convincing evidence that the additional standards are necessary to protect the soil and beneficial uses of the 
waters of the state from unauthorized releases. 

 
(3) Any documents required by the California Environmental Quality Act  (Division 13, commencing with section 21000 of 
the Public Resources Code). 

 
 (4) An initial fee of $5,500. 
 
(b) The applicant shall be required to pay a fee based on the actual costs of considering the application. The  State Water Board 
will bill the applicant for additional costs or refund any unused portion of the initial fee. 
 
(c) The State Water Board shall conduct an investigation and public hearing on the proposed standards and the need to protect 
the soil and beneficial uses of the water before determining whether to authorize the local agency to implement additional 
standards. 
 
(d) The State Water Board may modify or revoke a previously issued authorization allowing the implementation of additional 
standards if it finds that, based on new evidence, the additional standards are not necessary to adequately protect the soil and 
beneficial uses of the waters of the state from unauthorized releases. The State Water Board shall neither modify nor revoke the 
authorization until it has followed procedures comparable to those in Chapters 1.5 and 6 of Division 3 of Title 23 of the 
California Code of Regulation. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25299.4, Health and Safety Code. 
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Article 10. Permit Application, Quarterly Report and Trade Secret Request Requirements 
 
§ 2710. General Applicability of Article. 
 
(a) This article describes specific administrative actions that shall be undertaken by all underground storage tank owners, local 
agencies, and the State Water Board relative to issuing permits for underground storage tanks. These steps are in addition to 
those established by Chapter 6.7 of Division 20 of the Health and Safety Code. 
 
(b) Section 2711 lists the information that shall be submitted by the underground storage tank owner or representative to the local 
agency as part of the permit application. 
 
(c) Section 2712 describes the conditions associated with a permit for the operation of an underground storage tank and the 
conditions which local agencies shall  meet before issuing permit. 
 
(d) Section 2713 describes the local agency reporting requirements for unauthorized releases. 
 
(e) Section 2714 specifies conditions that shall be met by an underground storage tank owner or operator when requesting trade 
secret protection for any information submitted to the local agency, State Water Board, or Regional Water Quality Board. The 
section also specifies how those agencies shall consider the request and how they shall maintain the information if the trade 
secret request is accepted. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25284, 25285, 25286, 25288, 25289, 25290 and 25293, Health and Safety Code. 
 
 
§ 2711. Information and Application for Permit to Operate an Underground Storage Tank. 
 
(a) The permit application shall include, but not be limited to, the following information to the extent such information is known 
to the permit applicant: 
 
 (1) The name and address of the person who owns the underground storage tank or tanks. 
 

(2) The name, location, mailing address, and telephone number where the underground storage tank is located, and type of 
business involved, if any. 

 
(3) The name, address, and telephone numbers of the underground storage tank operator and 24-hour emergency contact 
person. 

 
 (4) The name and telephone number of the person making the application. 
 

(5) A description of the underground storage tank including, but not limited to, the underground storage tank manufacturer, 
date of installation and tank capacity. 

 
(6) Construction details of the underground storage tank and any auxiliary equipment including, but not limited to, type of 
primary containment, type of secondary containment (if applicable), spill and overfill prevention equipment, interior lining, 
and corrosion protection (if applicable). 

 
(7) A description of the piping including, but not limited to, the type of piping system, construction, material, corrosion 
protection and leak detection. 

 
(8) A scaled diagram or design or as-built drawing which indicates the location of the underground storage tank 
(underground storage tank, piping, auxiliary equipment) with respect to buildings or other landmarks. 

 
 (9) The description of the proposed monitoring program including, but not limited to, the following where applicable: 
 
  (A) Visual inspection procedures; 
 
  (B) Underground storage tank release detection methods or inspection procedures; 
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  (C) Inventory reconciliation including gauging and reconciliation methods; 
  (D) Piping leak detection methods; 
 
  (E) Vadose zone sampling locations, and methods and analysis procedures; 
 
  (F) Ground water well(s) locations construction and development methods, sampling, and analysis procedures; and 
 

(10) A list of all the substances which have been, are currently, or are proposed to be stored in the underground storage tank 
or tanks. 

 
(11) Documentation to show compliance with state and federal financial responsibility requirements applicable to 
underground storage tanks containing petroleum. 

 
(12) If the owner or operator of the underground storage tank is a public agency, the application shall include the name of 
the supervisor of the division, section, or office which operates the underground storage tank. 

 
 (13) The permit application shall be signed by: 
 
  (A) The owner of the underground storage tank or a duly authorized representative of the owner; or, 
 
  (B) If the tank is owned by a corporation, partnership, or public agency, the application shall be signed by: 
 

1. A principal executive officer at the level of vice-president or by an authorized representative. The representative 
shall be responsible for the overall operation of the facility where the underground storage tank(s) are located; or, 

 
  2. A general partner proprietor; or, 
 
  3. A principal executive officer, ranking elected official, or authorized representative of a public agency. 
 
(b) The owner or operator shall inform the local agency of any changes to the information provided in accordance with 
subsection (a) within 30 calendar days unless required to obtain approval before making the change. 
 
(c) The permit applications, "Underground Storage Tank Permit Application- Form A," dated 5-91 and "Underground Storage 
Tank Permit Application-Form B," dated 12-91 shall be accompanied by the local government and state surcharge fees. 
 
(d) The local agency shall provide the California Association of Environmental Health Administrators with copies of permit 
applications in accordance with Chapter 6.7 of the Health and Safety Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25286 and 25287, Health and Safety Code. 
 
 
§ 2712. Permit Conditions. 
 
(a) As a condition of any permit to operate an underground storage tank, the owner or operator shall comply with the reporting 
and recording requirements for unauthorized releases specified in Article 5. 
 
(b) Written monitoring and maintenance records shall be maintained on-site or off-site at a readily available location, if approved 
by the local agency, for a period of at least 3 years, 6 1/2 years for cathodic protection maintenance records, and 5 years for 
written performance claims pertaining to release detection systems, and calibration and maintenance records for such systems. 
Records of repairs, lining, and upgrades shall be maintained on site or at another approved location for the remaining life of the 
underground storage tank.  These records shall be made available, upon request within 36 hours, to the local agency or the State 
Water Board. Monitoring records shall include: 
 
 (1) The date and time of all monitoring or sampling; 
 
 (2) Monitoring equipment calibration and maintenance records; 
 
 (3) The results of any visual observations; 
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(4) The results of all sample analysis performed in the laboratory or in the field, including laboratory data sheets and 
analysis used; 

 (5) The logs of all readings of gauges or other monitoring equipment, ground water elevations, or other test results; and 
 
 (6) The results of inventory readings and reconciliations. 
 
(c) A permit to operate issued by the local agency shall be effective for 5 years. In addition to other information specified by the 
local agency, the permit shall include the permit expiration date, monitoring requirements, and the state underground storage tank 
identification number(s) for which the permit was issued. Before a local agency issues a new permit or renewal to operate an 
underground storage tank the local agency shall inspect the underground storage tank and determine that it complies with the 
provisions of these regulations. 
 
(d) Permits may be transferred to new underground storage tank owners if: (1) the new underground storage tank owner does not 
change conditions of the permit, (2) the transfer is registered with the local agency within 30 days of the change in ownership, 
and (3) state permit application forms are completed to show the changes. Transferred permits shall expire and be renewed on the 
original expiration date. A local agency may review, modify, or terminate the permit to operate the underground storage tank 
upon receiving an ownership transfer request. 
 
(e) The local agency shall not renew an underground storage tank permit unless the underground storage tank has been inspected 
by the local agency or a special inspector within the previous 12 months and the inspection verified that the underground storage 
tank complied with the provisions of Article 3 or 4, as applicable, and with all existing permit conditions. The inspection shall be 
conducted as specified in section 25288 of Chapter 6.7 of Division 20 of the Health and Safety Code. If the inspection indicated 
noncompliance then the local agency shall verify by a follow-up inspection that all required corrections have been implemented 
before renewing the permit. 
 
(f) Within 30 calendar days of receiving an inspection report from either the local agency or the special inspector, the permit 
holder shall implement the corrections specified in the inspection report and comply with and the permit conditions. The 
corrective action shall include all of the recommendations made by the local agency or special inspector. The local agency may 
waive the implementation of any of the special inspector's recommendations based on a demonstration by the permit holder to the 
local agency's satisfaction that failure to implement the recommendation will not cause an unauthorized release. 
 
(g) The local agency shall take appropriate enforcement action pursuant to section 25299 of the Health and Safety Code or 
prohibit the operation of the tank systems if the owner or operator fails to comply with the monitoring requirements in Article 3 
or 4 or the reporting requirements of Article 5. 
 
(h) The local agency shall provide the permittee with a written list of all applicable requirements of Chapter 6.7 and 6.75 of the 
Health and Safety Code and these regulations. 
 
(i) A copy of the permit and all conditions and attachments, including monitoring plans, shall be retained at the facility. 
 
(j) All primary containment shall be product-tight. 
 
(k) Owners and operators shall use care to prevent releases due to spilling or overfilling.  Before product is delivered, owners, 
operator, or their agents shall ensure that the space available in the tank is greater than the volume of product to be transferred to 
the tank and shall ensure that the transfer operation is monitored constantly to prevent overfilling and spilling. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25284, 25285, 25286, 25288, 25289, 25293 and 25294, Health and Safety Code; 40 CFR 280.31(d), 
280.33(f), 280.45 and 281.32(e). 
 
 
§ 2712.1. Content of Upgrade Compliance Certificates. 
(Repealed by operation of law) 
 
 
§ 2712.2. Issuing Upgrade Compliance Certificates. 
(Repealed by operation of law) 
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§ 2712.3. Displaying Upgrade Compliance Certificates. 
(Repealed by operation of law) 
 
 
§ 2712.4. Replacing Upgrade Compliance Certificates. 
(Repealed by operation of law) 
 
 
§ 2712.5. Lists of Underground Storage Tank Facilities. 
(Repealed by operation of law) 
 
 
§ 2712.6. Prohibitions. 
(Repealed by operation of law) 
 
 
§ 2712.7. Sunset Provisions. 
(Repealed by operation of law) 
 
 
§ 2713. Local Agency Reporting Requirements. 
 
(a) Each local agency shall transmit unauthorized release information, submitted by the owner or operator,  to the appropriate 
regional board. 
 
(b) Local agencies shall transmit unauthorized release update report information, submitted by the owner or operator pursuant to 
section 2712, to the appropriate regional board for sites where they are overseeing cleanup. Local agencies shall transmit this 
unauthorized release update information on a quarterly schedule established by the board. 
 
(c) On a quarterly basis, each local agency shall send to the board, information pertaining to local underground storage tank 
program implementation and enforcement activities.  This information shall include, but not be limited to the number of: 
 

(1) tanks subject to regulation 
 

(2) regulated facilities 
 

(3) facility inspections conducted 
 

(4) inspected facilities in compliance with leak detection requirements 
 

(5) facilities that received formal and informal enforcement action 
 

(6) underground storage tank systems that received a red tag pursuant to Article 10.5, including: 
 

(A) the name and address of the facility at which the tank system is located; 
 

(B) the names of the owner and operator of the tank system; 
 

(C) the red tag's identification number; 
 

(D) the date the red tag was affixed to the tank system; 
 

(E) the specific violation for which the tank system received the red tag; 
 

(F) the date the red tag was removed from the tank system. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Sections 25286 and 25292.3, Health and Safety Code. 
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§ 2714. Trade Secret Provisions. 
 
(a) Any person making an application for a permit to operate an underground storage tank, for renewal of the permit or 
application for a site-specific variance, shall identify all information which the person believes is a trade secret and submit a legal 
justification for the request for confidentiality. The information which shall be submitted includes, but is not limited to: 
 
 (1) Identification of those portions of the information which are believed to be trade secrets; 
 
 (2) The length of time this information should be treated as confidential; 
 
 (3) Measures that have been taken to protect this information as confidential; and 
 

(4) A discussion of why this information is subject to trade secret protection, including references to statutory and case law 
as appropriate. 

 
(b) If the local agency, the State Water Board, or the Regional Water Quality Board (collectively referred to as "agency" for the 
purposes of this section) determines that a request for trade secret protection is clearly valid, the material shall be given trade 
secret protection as discussed in subsection (f) of this section. 
(c) If the agency determines that the request for trade secret protection is clearly frivolous, it shall send a letter to the applicant 
stating that the information will not be treated as a trade secret unless the agency is instructed otherwise by a court within 10 
working days of the date of the letter. 
 
(d) If the validity of the request for trade secret protection is unclear, the agency will inform the person claiming trade secrecy 
that the burden is on him or her to justify the claim. The applicant shall be given a fixed period of time to submit the additional 
information as the agency may request. The agency shall then evaluate the request on the basis of the definition of "trade secrets" 
contained in the appropriate section of Chapter 6.7 of Division 20 of the Health and Safety Code and shall issue its decision. If 
the agency determines that the information is not a trade secret, it shall act in accordance with subsection (c) of this section. 
 
(e) All information received for which trade secrecy status is requested shall be treated as confidential as discussed in subsection 
(f) of this section until a final determination is made. 
 
(f) Information which has been found to be confidential or which is being reviewed to determine if confidentiality should exist, 
shall be immediately filed in a separate "confidential" file. If a document or portion of a document is filed in a confidential file, a 
notation shall be filed with the file document indicating that further information is in the confidential file. 
 
(g) Information contained in confidential files shall only be disclosed to authorized representatives of the applicant or other 
governmental agencies in connection with the agency's responsibilities pursuant to Chapter 6.7 of the Health and Safety Code or 
Division 7 of the Water Code. 
 
(h) Nothing contained herein shall limit an applicant's right to prevent disclosure of information pursuant to other provisions of 
law. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25290, Health and Safety Code. 
 
 
§ 2715. Certification, Licensing, and Training Requirements for Underground Storage Tank Owners, Operators, 
Installers, Service Technicians, and Inspectors. 
 
(a) By January 1, 2005, owners of underground storage tank systems shall submit a signed statement to the local agency 
indicating that the owner understands and is in compliance with all applicable underground storage tank requirements, and 
identifying the designated UST operator(s) for each facility owned. The owner shall inform the local agency of any change of 
designated UST operator(s) no later than 30 days after the change. 
 
(b) Effective January 1, 2005, designated UST operators shall possess a current certificate issued by the International Code 
Council (ICC) indicating he or she has passed the California UST System Operator exam. The individual shall renew the ICC 
certification, by passing the California UST System Operator exam, every 24 months. 
 
(c) The designated UST operator(s) shall perform monthly visual inspections of all underground storage tank systems for which 
they are designated. The results of each inspection shall be recorded in a monthly inspection report. The monthly visual 
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inspection shall include, but is not limited to, the following: 
 

(1) Reviewing the alarm history report or log for the previous month, and checking that each alarm condition was 
documented and responded to appropriately. A copy of the alarm history report or log, along with documentation describing 
action taken in response to any alarm(s), shall be attached to the monthly visual inspection record. 

 
(2) Inspecting for the presence of hazardous substance, water, or debris in spill containers. 

 
(3) Inspecting for the presence of hazardous substance, water, or debris in under-dispenser containment areas, and checking 
that the monitoring equipment in these areas is located in the proper position to detect a leak at the earliest possible 
opportunity. 

 
(4) Inspecting for the presence of hazardous substance, water, or debris in containment sumps that, in the past month, have 
had an alarm for which there is no record of a service visit, and checking that the monitoring equipment in these 
containment sumps is located in the proper position to detect a leak at the earliest possible opportunity. 

 
(5) Checking that all required testing and maintenance for the underground storage tank system have been completed, and 
documenting the dates these activities occurred. 

 
(6) Verifying that all facility employees have been trained in accordance with subdivision 2715(f). 

 
(d) The designated UST operator(s) shall provide the owner or operator with a copy of each monthly inspection report, and alert 
the owner or operator of any condition discovered during the monthly visual inspection that may require follow-up actions. 
 
(e) The owner or operator shall maintain a copy of the monthly inspection record and all attachments for the previous twelve 
months. The records shall be maintained on-site or, if approved by the local agency, off-site at a readily available location. 
 
(f) By July 1, 2005, and every twelve months thereafter, the designated UST operator(s) shall train facility employees for which 
he or she is responsible in the proper operation and maintenance of the underground storage tank system. For facility employees 
hired on or after July 1, 2005, the initial training shall be conducted within 30 days of the date of hire. 
 

(1) The training for facility employees must include, but is not limited to: 
 

(A) The operation of the underground storage tank system in a manner consistent with the facility's best management 
practices. 

 
(B) The facility employee's role with regard to the monitoring equipment as specified in the facility's monitoring plan. 

 
(C) The facility employee's role with regard to spills and overfills as specified in the facility's response plan. 

 
(D) The name of the contact person(s) for emergencies and monitoring equipment alarms. 

 
(2) At least one of the facility employees present during operating hours shall have current training in accordance with 
subdivision (f)(1). For facilities that are not routinely staffed, the designated UST operator shall implement a facility 
employee training program approved by the local agency. 

 
(3) A list of facility employees who have been trained by the designated UST operator(s), shall be maintained on-site or off-
site at a readily available location, if approved by the local agency. The list shall be provided to the local agency upon 
request. The list shall include the dates of training for all facility employees, and the hiring dates for all facility employees 
hired on or after July 1, 2005. 

 
(g) Any person(s) installing underground storage tank systems or components shall be certified or licensed by the Contractors 
State License Board. 
 
(h) Any individual(s) installing underground storage tank system components shall meet the following requirements, or work 
under the direct and personal supervision of an individual physically present at the work site who meets the following 
requirements: 
 

(1) The individual has been adequately trained as evidenced by a certificate of training issued by the manufacturer(s) of the 
underground storage tank system components. On and after July 1, 2001, this certification shall be renewed by completion 
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of manufacturer's refresher training at the time interval recommended by the manufacturer, or every 36 months, whichever is 
shorter. 

 
(2) Effective January 1, 2005, the individual shall possess a current underground storage tank system installer certificate 
from the International Code Council (ICC), indicating that the individual has passed the ICC UST Installation/Retrofitting 
exam. The individual shall renew the ICC certification, by passing the ICC UST Installation/Retrofitting exam, every 24 
months. 

 
(i) Any individual performing the work of a service technician must meet all of the following requirements: 
 

(1) Possess or be employed by a person who possesses a current Class "A" General Engineering Contractor License, C-10 
Electrical Contractor License, C- 34 Pipeline Contractor License, C-36 Plumbing Contractor License, or a C-61 (D40) 
Limited Specialty Service Station Equipment and Maintenance Contractor License issued by the Contractors State License 
Board, as applicable. Individuals who possess a tank testing license issued by the State Water Resources Control Board 
satisfy the licensing requirement of this paragraph. 

 
(2) Be trained and certified by the manufacturer of the equipment as follows: 

 
(A) For service technicians conducting secondary containment testing pursuant to section 2637(a), this training and 
certification may be obtained through the developer of the testing equipment or test method being used, or through the 
manufacturer of the secondary containment system being tested, as applicable. 

 
(B) For service technicians performing work on monitoring equipment, training and certification shall be obtained from 
the manufacturer of the monitoring equipment. 

 
(C) In the event that no training or certification exists that would satisfy the criteria of subparagraph (i)(2)(A) or (B), 
the local agency may approve comparable alternate training or certification. 

 
(3) Renew all training and certifications issued by the manufacturer, through completion of a manufacturer's refresher 
course, at the time interval recommended by the manufacturer, or every 36 months, whichever is shorter. 

 
(4) Effective July 1, 2005, service technicians shall possess or work under the direct and personal supervision of an 
individual physically present at the work site who possesses a current certificate from the International Code Council (ICC), 
indicating he or she has passed the California UST Service Technician exam. If the California UST Service Technician 
exam is not available by July 1, 2004, this requirement shall be effective twelve months after the date the exam is available. 
The individual shall renew the ICC certification, by passing the California UST Service Technician exam, every 24 months. 

 
(j) Local agency inspectors or special inspectors conducting underground storage tank inspections must meet the following 
requirements: 
 

(1) Effective September 1, 2005, these individuals shall possess a current inspector certificate issued by the International 
Code Council (ICC), indicating he or she has passed the ICC California UST Inspector exam. Local agency inspectors hired 
on or after September 1, 2005, are subject to this requirement 180 days from the date of hire. If the ICC California UST 
Inspector exam is not available by September 1, 2004, this requirement shall be effective twelve months after the date the 
exam is available. 

 
(2) These individuals shall renew the California inspector certificate every 24 months, by either passing the ICC California 
UST Inspector exam or satisfying equivalent criteria as approved by the Division of Water Quality Underground Storage 
Tank Program Manager. 

 
Authority: Section 25299.3, Health and Safety Code. 
Reference: Section 25281, 25284.1, Health and Safety Code; 40 CFR 280.20. 
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Article 10.5. Red Tag Authority 
 
§ 2717. Additional Definitions. 
 
(a) "Significant Violation" means the failure of a person to comply with any requirement of Chapter 6.7 of the Health and Safety 
Code or any regulation adopted pursuant to Chapter 6.7, not including the corrective action requirements in Section 25296.10 of 
the Health and Safety Code and Article 11 of Chapter 16 of Title 23 of the regulations, that is any of the following: 
 

(1) A violation that is causing, or threatens to cause a liquid release of petroleum from an underground storage tank system, 
including, but not limited to: the failure of any required overfill prevention system, where the failure is causing or threatens 
to cause a release; or the failure of a required spill containment structure, where the failure is causing or threatens to cause a 
release to the environment due to a spill or an overfill. 

 
(2) A violation that impairs the ability of an underground storage tank system to detect a liquid leak or contain a liquid 
release of petroleum in the manner required by law, including, but not limited to: tampering with leak detection equipment 
so that the equipment is no longer capable of detecting a leak at the earliest possible opportunity. 

 
(3) A chronic violation or a violation that is committed by a recalcitrant violator. In determining whether a violation is 
chronic or a violator is recalcitrant, the local agency shall consider whether there is evidence indicating that the violator has 
engaged in a pattern of neglect or disregard with respect to any requirement of Chapter 6.7 or of any regulation adopted 
pursuant to Chapter 6.7, not including the corrective action requirements in Section 25296.10 of the Health and Safety Code 
and Article 11 of Chapter 16 of Title 23 of the regulations. 

 
(b) "Imminent threat to human health or safety or the environment" means a condition that creates a substantial probability of 
harm, when the probability and potential extent of harm make it reasonably necessary to take immediate action to prevent, 
reduce, or mitigate the actual or potential damages to human health or safety or the environment. 
 
Authority: Sections 25292.3(g), 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292.3, Health and Safety Code. 
 
 
§ 2717.1. Affixing Red Tags. 
 
(a) Upon the discovery of a significant violation that poses an imminent threat to human health or safety or the environment, the 
local agency may immediately affix a red tag to the fill pipe of the non-compliant underground storage tank system using a 
tamper-resistant strap or straps, fill pipe bag, or any combination thereof so that the tag is visible to any person attempting to 
deliver petroleum to the underground storage tank. Immediately after affixing a red tag pursuant to this subdivision, the local 
agency shall notify the operator, if present on site, of the significant violation(s) for which the red tag was issued. Within 24 
hours of affixing a red tag pursuant to this subdivision, the local agency shall notify the owner of the significant violation(s) for 
which the red tag was issued. 
 
(b) Upon the discovery of a significant violation that does not pose an imminent threat to human health or safety or the 
environment and that is not otherwise exempt pursuant to Section 2717.4, the local agency may issue a notice of significant 
violation to the owner and operator identifying the significant violation(s). If the owner or operator fails to correct the significant 
violation within seven business days from receipt of the notice, the local agency may affix a red tag to the fill pipe of the non-
compliant underground storage tank system using a tamper-resistant strap or straps, fill pipe bag, or any combination thereof so 
that the tag is visible to any person attempting to deliver petroleum to the underground storage tank. 
 
(c) Before affixing a red tag to the fill pipe of an underground storage tank system, the local agency shall document the level of 
stored product in the tank. 
 
(d) The board shall provide red tags, fill pipe bags, and tamper-resistant straps made of nylon or other durable, damage resistant 
material to local agencies upon request, and local agencies shall use only red tags, fill pipe bags, and tamper-resistant straps 
provided by the board. 
 
(e) No owner or operator of a facility may deposit or allow the deposit of petroleum into an underground storage tank system that 
has a red tag affixed to the system's fill pipe. 
 
(f) No person may deposit petroleum into an underground storage tank system that has a red tag affixed to its fill pipe. 
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(g) Except as otherwise provided in Section 2717.2, no person shall remove, deface, alter, or otherwise tamper with a red tag so 
that the information contained on the tag is not legible. 
 
(h) If a permit is required by the local agency in order to correct one or more significant violations identified pursuant to 
subdivisions (a) or (b), the local agency shall, to the extent feasible, expedite its review and issuance of such permit(s). 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292.3, Health and Safety Code. 
 
 
§ 2717.2. Removing Red Tags. 
 
(a) Upon notification by the owner or operator documenting to the satisfaction of the local agency that the significant violation 
has been corrected, the local agency may provide written authorization to the owner or operator to remove the red tag. The local 
agency shall inspect the underground storage tank system within five business days of notification to determine whether the 
system continues to be in significant violation, regardless of whether it has authorized removal of the red tag by the owner or 
operator. If, upon inspection, the local agency determines that the system is no longer in significant violation and it has not 
already authorized removal of the red tag, the local agency shall immediately remove the red tag. 
 
(b) Upon removing a red tag from an underground storage tank system, the local agency shall document the level of stored 
product in the tank. If the owner or operator removes a red tag pursuant to written authorization by the local agency, the owner or 
operator shall document the level of stored product in the tank immediately after removing the red tag. 
 
(c) A red tag that has been removed by the owner or operator shall be returned to the local agency within five business days, or 
sooner if requested by the local agency. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Referenc: Section 25292.3, Health and Safety Code. 
 
 
§ 2717.3. Removal of Red Tag from Emergency Generator Tank Systems Prior to Correction of Significant Violation. 
 
Notwithstanding any other provision of this Article, a local agency may remove or authorize the removal of a red tag from an 
emergency generator tank system before a significant violation has been corrected if the local agency determines that an 
emergency situation exists requiring operation of the system and the delivery of petroleum is necessary for the continued 
operation of the system during the emergency. For purposes of this section, an "emergency generator tank system" means an 
underground storage tank system that provides power supply in the event of a commercial power failure, stores petroleum, and is 
used solely in connection with an emergency system, legally required standby system, or optional standby system, as defined in 
Articles 700, 701, and 702 of the National Electrical Code of the National Fire Protection Association. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference Sections 25281.5 and 25292.3, Health and Safety Code. 
 
§ 2717.4. Notice of Correction of Significant Violation. 
 
Upon making a determination that a significant violation has been corrected, the local agency shall notify the owner or operator 
in writing of its determination. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292.3, Health and Safety Code. 
 
 
§ 2717.5. Significant Violations Exempt From Red Tags. 
 
(a) If an underground storage tank system component is found to be in significant violation during periodic testing of the 
component, a local agency may issue a notice of significant violation or affix a red tag only if: 
 

(1) the violation poses an imminent threat to human health or safety or the environment; or 
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(2) there is evidence the component in violation has been tampered with; or 
 

(3) the owner or operator fails to take appropriate action to correct the violation. 
 
Authority cited: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292.3, Health and Safety Code. 
 
 
§ 2717.6. Content of Red Tags. 
 
(a) A red tag shall be red in color and 3 inches wide by 5 inches long and made of plastic or other durable and damage resistant 
material. 
 
(b) Red tags shall bear the following information on both sides of the tag: 
 

(1) The following wording, printed in white at the top of the tag in all capital letters in at least 36 point bold-faced type: 
"PETROLEUM DELIVERY PROHIBITED!" 

 
(2) The following wording, printed in white below the wording described in subdivision (b)(1) in at least 16 point type: 
"Delivering petroleum, or removing, defacing, altering, or otherwise tampering with this tag may result in civil penalties of 
up to $5000 per day." 

 
(3) Printed below the wording described in subdivision (b)(2), the following wording in at least 16 point type: "If you have 
questions, please contact:" 

 
(A) Following the wording described in subdivision (b)(3), there shall be a blank area at least 1/2 inch wide by three 
inches long in which the local agency shall write legibly in permanent ink its name and telephone number. 

 
(4) In the lower left hand corner, a unique identification number imprinted mechanically at the time of production. 

 
(5) In the lower right hand corner, a graphic comprised of a blue background, the letters SWRCB in black, and white wavy 
lines depicting water. 

 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292.3, Health and Safety Code. 
  
 
§ 2717.7. Enforcement Scope of Article. 
 
Nothing in this Article shall be construed as prohibiting the local agency, board, regional board, or any other prosecuting agency 
from taking any other action as provided for by law, including but not limited to requiring removal of the stored substance from 
the tank pursuant to Section 2652 or revoking or modifying the operating permit pursuant to Section 25285.1 of the Health and 
Safety Code. 
 
Authority: Sections 25299.3 and 25299.7, Health and Safety Code.  
Reference: Section 25292.3, Health and Safety Code. 
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Article 11. Corrective Action Requirements 
 
§ 2720. Additional Definitions. 
 
Unless the context clearly requires otherwise, the following definitions shall apply to terms used in this Article. 
 
 "Corrective action" means any activity necessary to investigate and analyze the effects of an unauthorized release; propose a 
cost-effective plan to adequately protect human health, safety, and the environment and to restore or protect current and potential 
beneficial uses of water; and implement and evaluate the effectiveness of the activity(ies). Corrective action does not include any 
of the following activities: 
 
 (1) Detection, confirmation, or reporting of the unauthorized release; or 
 
 (2) Repair, upgrade, replacement or removal of the underground storage tank. 
 
"Cost-effective" means actions that achieve similar or greater water quality benefits at an equal or lesser cost than other corrective 
actions. 
 
"Federal act" means Subchapter IX (commencing with Section 6991) of Chapter 82 of Title 42 of the United States Code, as 
added by the Hazardous and Solid Waste Amendments of 1984 (P.L. 98-616), or as it may subsequently be amended or 
supplemented, and the regulations adopted pursuant thereto. 
 
"Regulatory agency" means the Board, regional board, or any local, state, or federal agency which has responsibility for 
regulating underground storage tanks or which has responsibility for overseeing cleanup of unauthorized releases from 
underground storage tanks. 
 
"Responsible party" means one or more of the following: 
 
 (1) Any person who owns or operates an underground storage tank used for the storage of any hazardous substance; 
 

(2) In the case of any underground storage tank no longer in use, any person who owned or operated the underground 
storage tank immediately before the discontinuation of its use; 

 
(3) Any owner of property where an unauthorized release of a hazardous substance from an underground storage tank has 
occurred; and 

 
(4) Any person who had or has control over a underground storage tank at the time of or following an unauthorized release 
of a hazardous substance. 

 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Section 25299.37, Health and Safety Code and 40 CFR Section 280.12. 
 
 
§ 2721. General Applicability of Article. 
 
(a) Responsible parties for an underground storage tank shall comply with the requirements of this article whenever there is any 
reportable unauthorized release pursuant to Section 25295 of Chapter 6.7. 
 
(b) Responsible parties shall take corrective action in compliance with the following requirements: 
 

(1) all applicable waste discharge requirements or other order issued pursuant to Division 7, commencing with Section 
13000 of the Porter-Cologne Water Quality Control Act (Water Code); 

 
(2) all applicable state policies for water quality control adopted pursuant to Article 3 (commencing with Section 13140) of 
Chapter 3 of Division 7 of the Water Code; 

 
(3) all applicable water quality control plans adopted pursuant to Article 3  (commencing with Section 13240) of Chapter 4 
of Division 7 of the Water Code; 
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(4) all applicable requirements of Chapter 6.7 (commencing with Section 25280) and the regulations (Chapter 16, Title 23 
CCR) promulgated thereto; and 

 
(5) all applicable requirements of Article 4 of Chapter 6.75 of the Health and Safety Code, the applicable provisions of this 
Chapter, and the Federal act. 

 
(c) When acting as the regulatory agency, the Board or regional board shall take appropriate action pursuant to Division 7, 
commencing with Section 13000 of the California Water Code, to ensure that corrective action complies with applicable policies 
for water quality control and applicable water quality control plans. 
 
(d) The regulatory agency responsible for overseeing corrective action at an underground storage tank site shall comply with the 
applicable public participation provisions of Section 2728 of this Article. 
 
(e) Upon completion of required corrective action, the regulatory agency shall inform the responsible party in writing that no 
further work is required at that time, based on available information. This written notice shall constitute agency concurrence on 
the completed corrective action. 
 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Sections 25299.37, 25299.54, 25295 and 25298, Health and Safety Code and 40 CFR Section 280.67. 
 
 
§ 2722. Scope of Corrective Action. 
 
(a) Corrective action includes one or more of the following phases: 
 
 (1) Preliminary Site Assessment Phase 
 
 (2) Soil and Water Investigation Phase; 
 
 (3) Corrective Action Plan Implementation Phase; and 
 
 (4) Verification Monitoring Phase. 
 
(b) The responsible party shall take or contract for interim remedial actions, as necessary, to abate or correct the actual or 
potential effects of an unauthorized release. Interim remedial actions can occur concurrently with any phase of corrective action. 
Before taking interim remedial action, the responsible party shall notify the regulatory agency of the proposed action and shall 
comply with any requirements that the regulatory agency sets. Interim remedial actions include, but are not limited to, the 
following: 
 
 (1) removal of free product. Free product removal must comply with the applicable provisions of Section 2655 of Article 5; 
 
 (2) enhanced biodegradation to promote bacterial decomposition of contaminants; 
 
 (3) excavation and disposal of contaminated soil; 
 
 (4) excavation and treatment of contaminated soil; 
 
 (5) vacuum extraction of contaminants from soil or ground water; and 
 
 (6) pumping and treatment of ground water to remove dissolved contaminants. 
 
(c) The responsible party shall submit a workplan to the regulatory agency responsible for overseeing corrective action at the 
underground storage tank site, under the conditions listed below. If no regulatory agency has assumed responsibility for 
overseeing corrective action, the responsible party shall submit the workplan to the regional board with jurisdiction for the site 
where the underground storage tank is or was located: 
 
 (1) for proposed activities under the Preliminary Site Assessment Phase, if directed by the regulatory agency; and 
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 (2) before initiating any work in accordance with Sections 2725 and 2727 of this Article. 
 
 
(d) The workplan shall include the proposed actions and a proposed schedule for their completion. The responsible party shall 
modify the workplan, as necessary, at the direction of the regulatory agency. 
 
(e) In the interest of minimizing environmental contamination and promoting prompt cleanup, the responsible party may begin 
implementation of the proposed actions after the workplan has been submitted and before it has received agency concurrence. 
Implementation of the workplan may begin sixty (60) calendar days after submittal, unless the reponsible party is otherwise 
directed in writing by the regulatory agency. Before beginning these activities, the responsible party shall: 
 
 (1) notify the regulatory agency of the intent to initiate the proposed actions included in the workplan submitted; and 
 

(2) comply with any conditions set by the regulatory agency, including mitigation of adverse consequences from cleanup 
activities. 

 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Sections 25295, 25297, 25299.14, 25299.37 and 25299.78, Health and Safety Code and 40 CFR Sections 280.53 and 
280.60 through 280.66, and Section 13267  Water Code. 
 
 
§ 2723. Preliminary Site Assessment Phase. 
 
(a) The Preliminary Site Assessment Phase includes, at a minimum, initial site investigation, initial abatement actions and initial 
site characterization in accordance with Sections 2652, 2653, and 2654 of Article 5 and any interim remedial actions taken in 
accordance with Section 2722(b) of this Article. 
 
(b) Implementation of any of the interim remedial actions or any of the activities included in the Preliminary Site Assessment 
Phase shall constitute initiation of corrective action. 
 
Authority cited: Section 25299.77, Health and Safety Code.  
Reference: Sections 25295, 25298 and 25299.37, Health and Safety Code and 40 CFR Sections 280.61 and 280.62. 
 
 
§ 2724. Conditions That Require Soil and Water Investigation. 
 
The responsible party shall conduct investigations of the unauthorized release, the release site, and the surrounding area possibly 
affected by the unauthorized release, if any of the following conditions exists: 
 
 (1) There is evidence that surface water or ground water has been or may be affected by the unauthorized release; 
 
 (2) Free product is found at the site where the unauthorized release occurred or in the surrounding area; 
 
 (3) There is evidence that contaminated soils are or may be in contact with surface water or ground water; or 
 

(4) The regulatory agency requests an investigation, based on the actual or potential effects of contaminated soil or ground 
water on nearby surface water or ground water resources or based on the increased risk of fire or explosion. 

 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Section 25299.37, Health and Safety Code and 40 CFR Sections 280.61 through 280.64 
 
 
§ 2725. Soil and Water Investigation Phase. 
 
(a)The Soil and Water Investigation Phase includes the collection and analysis of data necessary to assess the nature and vertical 
and lateral extent of the unauthorized release and to determine a cost-effective method of cleanup. 
 
(b) Using information obtained during the investigation, the responsible party shall propose a Corrective Action Plan. The 
Corrective Action Plan shall consist of those activities determined to be cost-effective. 
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(c) The responsible party shall submit the Corrective Action Plan to the regulatory agency for review and concurrence. The 
regulatory agency shall concur with the Corrective Action Plan after determining that implementation of the plan will adequately 
protect human health, safety and the environment and will restore or protect current or potential beneficial uses of water. The 
responsible party shall modify the Corrective Action Plan in response to a final regulatory agency directive. 
(d) The Corrective Action Plan shall include the following elements: 
 
 (1) an assessment of the impacts listed in subsection (e) of this Section; 
 
 (2) a feasibility study, in accordance with subsection (f) of this Section; and 
 
 (3) applicable cleanup levels, in accordance with subsection (g) of this Section. 
 
(e) An assessment of the impacts shall include, but is not limited to, the following: 
 

(1) The physical and chemical characteristics of the hazardous substance or its constituents, including their toxicity, 
persistence, and potential for migration in water, soil, and air; 

 
(2) The hydrogeologic characteristics of the site and the surrounding area where the unauthorized release has migrated or 
may migrate; 

 
(3) The proximity and quality of nearby surface water or ground water, and the current and potential beneficial uses of these 
waters; 

 
 (4) The potential effects of residual contamination on nearby surface water and ground water; and 
 
(f) The responsible party shall conduct a feasibility study to evaluate alternatives for remedying or mitigating the actual or 
potential adverse effects of the unauthorized release. Each alternative shall be evaluated for cost-effectiveness, and the 
responsible party shall propose to implement the most cost-effective corrective action. 
 

(1) For all sites, each recommended alternative shall be designed to mitigate nuisance conditions and risk of fire or 
explosion; 

 
(2) For sites where the unauthorized release affects or threatens waters with current or potential beneficial uses designated in 
water quality control plans, the feasibility study shall also identify and evaluate at least two alternatives for restoring or 
protecting these beneficial uses; 

 
(3) For sites where the unauthorized release affects or threatens waters with no current or potential beneficial uses 
designated in water quality control plans, the feasibility study shall identify and evaluate at least one alternative to satisfy 
paragraph (1) of this subsection. 

 
(g) Cleanup levels for ground or surface waters, affected or threatened by the unauthorized release, shall comply with the 
requirements of Section 2721(b) and shall meet the following requirements: 
 

(1) For waters with current or potential beneficial uses for which numerical objectives have been designated in water quality 
control plans, the responsible party shall propose at least two alternatives to achieve these numerical objectives; 

 
(2) For waters with current or potential beneficial uses for which no numerical objectives have been designated in water 
quality control plans, the responsible party shall recommend target cleanup levels for long-term corrective actions to the 
regulatory agency for concurrence. Target cleanup levels shall be based on the impact assessment, prepared in accordance 
with subsection (e) of this Section. 

 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Sections 25299.37 and 25299.57, Health and Safety Code. 
 
 
§ 2726. Corrective Action Plan Implementation Phase. 
 
(a) The Corrective Action Plan Implementation Phase consists of carrying out the cost-effective alternative selected during the 
Soil and Water Investigation Phase for remediation or mitigation of the actual or potential adverse effects of the unauthorized 
release. 
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(b) Upon concurrence with the Corrective Action Plan or as directed by the regulatory agency, the responsible party shall 
implement the Corrective Action Plan. The responsible party shall monitor, evaluate, and report the results of implementation of 
the Corrective Action Plan on a schedule agreed to by the regulatory agency. 
 
(c) In the interest of minimizing environmental contamination and promoting prompt cleanup, the responsible party may begin 
cleanup of soil and water after the Corrective Action Plan has been submitted and before it has received agency concurrence. 
Implementation of the Corrective Action Plan may begin sixty (60) calendar days after submittal, unless the responsible party is 
otherwise directed in writing by the regulatory agency. Before beginning this cleanup, the responsible party shall: 
 
 (1) notify the regulatory agency of its intention to begin cleanup; and 
 

(2) comply with any conditions set by the regulatory agency, including mitigation of adverse consequences from cleanup 
activities. 

 
(d) The responsible party shall modify or suspend cleanup activities when directed to do so by the regulatory agency. 
 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Section 25299.37, Health and Safety Code and 40 CFR Sections 280.65 and 280.66. 
 
 
§ 2727. Verification Monitoring Phase. 
 
(a) The Verification Monitoring Phase includes all activities required to verify implementation of the Corrective Action Plan and 
evaluate its effectiveness. 
 
(b) The responsible party shall verify completion of the Corrective Action Plan through sampling or other monitoring of soil 
and/or water for such period of time and intervals agreed to by the regulatory agency. Using the monitoring results obtained 
pursuant to this Section and any other relevant data obtained pursuant to this Article, the responsible party shall evaluate the 
effectiveness of the site work. 
 
(c) The responsible party shall submit monitoring data and an evaluation of the results of such monitoring in writing on a 
schedule and for a duration agreed to by the regulatory agency. 
 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Section 25299.37, Health and Safety Code and 40 CFR Section 280.65. 
 
 
§ 2728. Public Participation. 
 
(a) For each confirmed unauthorized release that requires a Corrective Action Plan, the regulatory agency shall inform the public 
of the proposed activities contained in the Corrective Action Plan. This notice shall include at least one of the following: 
 
 (1) publication in a regulatory agency meeting agenda; 
 
 (2) public notice posted in a regulatory agency office; 
 
 (3) public notice in a local newspaper; 
 
 (4) block advertisements; 
 
 (5) a public service announcement; 
 
 (6) letters to individual households; or 
 
 (7) personal contacts with the affected parties by regulatory agency staff. 
 
(b) The regulatory agency shall ensure that information and decisions concerning the Corrective Action Plan are made available 
to the public for inspection upon request. 
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(c) Before concurring with a Corrective Action Plan, the regulatory agency may hold a public meeting when requested by any 
member of the public, if there is sufficient public interest on the proposed Corrective Action Plan. 
 
(d) Upon completion of corrective action, the regulatory agency shall give public notice that complies with subsection (a) of this 
Section, if both of the following conditions apply: 
 

(1) Implementation of the Corrective Action Plan does not achieve the cleanup levels established in the Corrective Action 
Plan; and 

 
(2) The regulatory agency does not intend to require additional corrective action, except for monitoring in accordance with 
Section 2727. 

 
(e) The regulatory agency shall comply with all applicable provisions of the California Environmental Quality Act, Public 
Resources Code, commencing with Section 21000. 
 
Authority: Section 25299.77, Health and Safety Code.  
Reference: Sections 25299.37 and 25299.78, Health and Safety Code and 40 CFR Sections 280.65 through 280.67. 
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Article 12. Electronic Submission of Laboratory Data for UST Reports 

§ 2729. Definitions. 

"COELT" is the Corps of Engineers Loading Tool program. It is a relational database application that is designed to run with the 
Microsoft Windows operating system. COELT places laboratory data into the standardized Electronic Deliverable Format (EDF). 
The program can accept Laboratory Information Management System (LIMS) data or manually entered data. COELT is intended 
to help the user enter data, find errors, and comply with the laboratory data requirements of the EDF data deliverable. COELT 
includes a report utility that allows hard copy laboratory reports to be printed that match the actual electronic data. For purposes 
of the requirements of this article, version 1.2a of COELT may be used. Programs (coelt.zip and coeltservicepack.zip) and 
documents (coeltmanual.zip and coeltsupplement12a.zip) for the version 1.2a of COELT are available at 
http://www.swrcb.ca.gov or from SWRCB at 1001 I Street, Sacramento, CA 95814.  

"EDCC" means the Electronic Deliverable Consistency Checker program, which was developed for the Corps of Engineers. The 
EDCC program is run upon completion of an EDF report to produce an error report. This error report identifies problems within 
the given data set based upon the EDF database structure, guidelines and restrictions, and valid values. The error report also 
indicates the nature of each problem, so that the laboratory can correct it. For purposes of the requirements of this article, version 
1.2a of EDCC shall be used. Programs (edcc.zip and edccservicepac1.zip) for the version 1.2a of EDCC are available at 
http://www.swrcb.ca.gov or from SWRCB at 1001 I Street, Sacramento, CA 95814.  

"EDF" means the Electronic Deliverable Format that was developed for the United States Army Corps of Engineers. It is a data 
standard designed to facilitate the transfer of electronic data files from analytical laboratories to end-users. It is a relational 
database consisting of five files, related to one another through key fields. Laboratories can produce electronic documents in 
EDF using the COELT software or with other programs outside of COELT. The data components include the chain-of custody 
information, laboratory results, and quality assurance information. For purposes of the requirements of this article, version 1.2i of 
EDF shall be used. Specifications for version 1.2i of EDF (The Electronic Deliverable Format [EDF] Version 1.2i Guidelines & 
Restrictions dated April 2001 and Data Dictionary dated April 2001) are available at http://www.swrcb.ca.gov or from SWRCB 
at 1001 I Street, Sacramento, CA 95814. 

"Report" means any document or item that is required for submission in order for a person to comply with a regulation, directive, 
or order issued by the state board, a regional board, or a local agency pursuant to a program administered by the state board, 
including but not limited to, any analysis of material by a laboratory that has accreditation or certification pursuant to Article 3 
(commencing with Section 100825) of Chapter 4 of Part 1 of Division 101 of the Health and Safety Code. 

Authority: Section 13197.5, Water Code. 
Reference: Section 13195 (b), Water Code. 

 

§ 2729.1. Electronic Submission of Laboratory Reports. 

(a) If a report required to be submitted to the state board, a regional board, or a local agency pursuant to Chapter 6.7 
(commencing with Section 25280) of Division 20 of the Health and Safety Code or Article 4 (commencing with Section 
25299.36) of Chapter 6.75 of Division 20 of the Health and Safety Code contains laboratory data reporting soil or water 
chemistry analysis, such data shall also be submitted to the SWRCB Geographic Environmental Information Management 
System database using the EDF.  

(b) Beginning January 1, 2002, any person submitting laboratory data in electronic format pursuant to these regulations shall 
specify for the location where the analyzed sample was collected: 1) the latitude and longitude of groundwater monitoring wells 
accurate to within one meter, and 2) the surveyed elevation relative to mean sea level of any groundwater monitoring well 
sampled. 

(c) All data shall be checked for errors prior to submittal, using the EDCC software consistency checking tool. Electronic 
submittal of laboratory data over the Internet shall be in addition to hard-copy laboratory reports generated by either COELT or 
other laboratory software.  

(d) Electronic submission of data generated by analysis of soil or water samples shall be required beginning on September 1, 
2001.  
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Authority: Section 13197.5, Water Code. 
Reference: Sections 13196 (a), 13197.5 (a), 13197.5 (c), 13197.5 (d)(2), Water Code. 
 

Appendix I 
 

Table A  
Suggested Test Methods  

Applicable to Regulatory Requirements 
 

Section Number   
2631(d)(6)   ASTM D-751,             

(1989) 
"Coated Fabrics" 

 ASTM D-1004 
(1988) 

"Initial Tear Resistance of 
Plastic Film and Sheeting" 

2631(d)(6)   ASTM D-413,  
(1982) 

"Rubber Property - Adhesion 
to Flexible Substrate" 

 ASTM D-471 
(1979)  

"Rubber Property - Effect of 
Liquids" 
 

 ASTM D-638             
(1989) 

"Tensile Properties of Plastics" 

 ASTM E-96 
(1980) 

"Water Vapor Transmission 
of Materials" 

2631(d)(6)   FTMS 101C  
Method 2065  
(1980) 

"Puncture Resistance and 
Elongation Test (1/8 inch 
Radius Probe)" 

2631(d)(6)   FTMS 101C  
Method 203       
(1980) 

"Puncture Resistance" 
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Table B  

Organizations That Adopt  
Voluntary Consensus Standards 

 
ANSI American National Standards Institute 

      1430 Broadway New York, NY 10018 
      (212) 642-4900 

API American Petroleum Institute 
      1220 L Street, N.W. Washington, D.C. 20005 
      (202) 682-8000 

ASME The American Society of Mechanical Engineers 
      345 East 47th Street New York, NY 10017 
      (212) 705-7800 

ASTM American Society for Testing and Materials 
      1916 Race Street 
      Philadelphia, PA 19103 
      (215) 299-5400 

NACE National Association of Corrosion Engineers 
      1440 South Creek Drive 
      Katy, TX 77450 
      (713) 492-0535 

NFPA National Fire Protection Association 
      Batterymarch Park 
      Quincy, MA 02269 
      (800) 244-3555 

NLPA National Leak Prevention Association 
      P.O. Box 1643 
      Boise, ID 83701 
      (208) 389-2074 

NSF National Sanitation Foundation 
      3475 Plymouth Road 
      Post Office Box 1468 
      Ann Arbor, MI 48106 
      (313) 769-8010 

UL Underwriters Laboratories 
      333 Pfingsten Road 
      Northbrook, IL 60062 
      (708) 272-8800 

ULC Underwriters Laboratories of Canada, Inc. 
      7 Crouse Road 
      Scarborough, Ontario 
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Table C 

 
"Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final 
Rule and Proposed Rule," EPA Fed. Reg. Vol. 49, No. 209, October 26, 1984. 
 
"Manual of Methods for the Chemical Analysis of Water and Wastes," EPA 600/4-79-020, March 1979. 
 
"Procedures Manual for Ground Water Monitoring at Solid Waste Disposal Facilities," EPA 530/SW-611, August 1977. 
 
"Soil Sampling Quality Assurance User's Guide," EPA 600/4-84- 043, May 1984. 
 
"Hazardous Waste Land Treatment," EPA SW-874, April 1983. 
 
"Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater," EPA 600/4-82-057, July 1982. 
 
"Handbook for Sampling and Sample Preservation of Water and Wastewater," EPA 600/4-82-029, September 1982. 
 
"Manual of Analytical Quality Control for Pesticides and Related Compounds in Human and Environmental Samples," EPA 
600/2- 81-059, April 1981. 
 
"EPA Test Methods for Evaluating Solid Waste - Physical/Chemical Method," SW-846 
 
"Manual of Analytical Methods for the Analysis of Pesticides in Human and Environmental Samples," EPA 600/8-080-038. 
 
"Standard Methods for the Examination of Water and Wastewater," American Public Health Assoc., American Water Works 
Assoc., Water Pollution Control Federation, 15th Edition, 1981. 
 
"Selected Analytical Methods Approved and Cited by the United States Environmental Protection Agency," Supplement to the 
Fifteenth Edition of Standard Methods for the Examination of Water and Wastewater, 1981. 
 
"Guidelines on Sampling and Statistical Methodologies for Ambient Pesticide Monitoring," Federal Working Group on Pest 
Management, October 1974. 
 
"American Society for Testing and Materials (ASTM) Annual Book of Standards, Part 31, Water," 1982. 
 
"Methods for Analysis of Organic Substances in Water," U.S. Geological Survey, Techniques of Water-Resources Investigations, 
Book 5, Chapter A3 1972. 
 
"Criteria for Identification of Hazardous and Extremely Hazardous Wastes," Sections 66693 through 66746, Article 11, Chapter 
30, Division 4, Title 22, California Code of Regulations. 
 
"American Society for Testing and Materials (ASTM) Annual Book of Standards, Parts 23-25, Petroleum Products and 
Lubricants, 1981." 
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Appendix II 
 

Suction Piping Monitoring 
 
Suction piping (piping operating at less than atmospheric pressure) shall be monitored for the presence of air in the pipeline by 
observing the suction pumping system for the following indicators: 
 
 (1) The cost/quantity display wheels on the meter suction pump skip or jump during operation; 
 
 (2) The suction pump is operating, but no motor vehicle fuel is being pumped; 
 
 (3) The suction pump seems to overspeed when first turned on and then slows down as it begins to pump liquid; and 
 
 (4) A rattling sound in the suction pump and erratic flow indicating an air and liquid mixture. 
 
If any of the above indicators are observed during testing of the suction piping system, the pipeline check valve should be 
inspected to determine if it is seated tightly. If there is any doubt following the inspection that the valve seats tightly, it should be 
repaired, replaced, or sealed off. Then the suction pumping test should be repeated and, if air is still entering the suction line, it is 
assumed that the pipe is leaking underground. 
 
Written records of the daily monitoring shall be maintained at the facility site. 
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Appendix III 
 

Examples of Quantitative Release Detection 
Methods for Existing Tanks 

 
Detection Method Performance Standards 
Automatic Tank Gauging (Monthly) Section 2643(b)(1) 
Automatic Tank Gauging (Monthly) and 
Manual Inventory Reconciliation 
(Monthly) 

 
 

Section 2643(b)(2) 
Tank Integrity Test (Annually) and 
Manual Inventory Reconciliation 
(Monthly)                                 

 
 

Section 2643(b)(4) 
Statistical Inventory Reconciliation 
(Monthly) and Tank Integrity Testing 
(Biennially) 

 
 

Section 2643(b)(3) 
Manual Tank Gauging (Weekly) and 
Tank Integrity Testing (Annually) 

 
Section 2645 

 
Examples of Quantitative Release Detection 
Methods for Single-Walled Pressure Piping 

 
Detection Method                          Performance Standards 
Automatic Line Leak Detector (Hourly)    
and Automatic Electronic Line Leak 
Detector (Monthly)  

Section 2643(c)(1) 
 
Section 2643(c)(2) 

Automatic Line Leak Detector (Hourly) 
and Automatic Electronic Line Leak 
Detector (Annually) 

Section 2643(c)(1) 
 
Section 2643(c)(3) 

Automatic Line Leak Detector (Hourly) 
and Line Tightness Test (Annually) 

Section 2643(c)(1) 
Section 2643(c)(3) 
 

Automatic Electronic Line Leak Detectors 
(Hourly) (meets both 2643(c)(1) and (3) 
standards) 

 
 
Section 2643(c)(3) 

 
Examples of Qualitative Release Detection 
Methods for Single-Walled Suction Piping 

 
Line Tightness Test (Triennially) 
and Daily Monitoring 

Section 2643(d) 
Appendix II 

 
Example of Qualitative Release Detection 

Methods for Single-Walled Gravity Flow Piping 
 
 
Line Tightness Test (Biennially)           Section 2643(e) 
 

 
Examples of Qualitative Release Detection 

Methods for Existing Tanks and Piping 
 
Vapor Monitoring Sections 2644(a) and (b) and 2647 
or  
Ground Water Monitoring Sections 2644(a) and (c)and 2648 
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Appendix IV 

 
Evaluation Procedure for Leak Detection Equipment 

 
Leak detection equipment can be evaluated for performance in accordance with one of the following three evaluation procedures: 
 
 1. EPA Standard Test Procedures 
 

EPA has developed a series of standard test procedures that cover most of the methods commonly used for underground 
storage tank leak detection. These include: 

 
  a. "Standard Test Procedures for Evaluating Leak Detection Methods: Volumetric Tank Tightness Testing Methods" 
 

b. "Standard Test Procedures for Evaluating Leak Detection Methods: Nonvolumetric Tank Tightness Testing 
Methods" 

 
  c. "Standard Test Procedures for Evaluating Leak Detection Methods: Automatic Tank Gauging Systems" 
 
  d. "Standard Test Procedures for Evaluating Leak Detection Methods: Statistical Inventory Reconciliation Methods" 
 
  e. "Standard Test Procedures for Evaluating Leak Detection Methods: Vapor- Phase Out-of-Tank Product Detectors" 
 
  f. "Standard Test Procedures for Evaluating Leak Detection Methods: Liquid- Phase Out-of-Tank Product Detectors" 
 
  g. "Standard Test Procedures for Evaluating Leak Detection Methods: Pipeline Leak Detection Systems" 
 

Each test procedure provides an explanation of how to conduct the test, how to perform the required calculations, and how 
to report the results. The results from each standard test procedure provide the information needed by tank owners and 
operators to determine if the method meets the regulatory requirements. 

 
EPA standard test procedures must be conducted by an independent third party under contract to the manufacturer in order 
to prove compliance with the regulations. Independent third-parties may include consulting firms, test laboratories, 
not-for-profit research organizations, or educational institutions with no organizational conflict of interest. In general, 
evaluations are more likely to be fair and objective the greater the independence of the evaluating organization. 

 
 2. National Consensus Code or Standard 
 

A second way for a manufacturer to prove the performance of leak detection equipment is to have an independent third party 
evaluate the system following a national voluntary consensus code or standard developed by a nationally recognized 
association (e.g., ASTM, ASME, ANSI, etc.). Throughout the technical regulations for underground storage tanks, EPA has 
relied on national voluntary consensus codes to help tank owners decide which brands of equipment are acceptable. 
Although no such code presently exists for evaluating leak detection equipment, one is under consideration by the ASTM D- 
34 subcommittee. Guidelines for developing these standards may be found in the U.S. Department of Commerce 
"Procedures for the Development of Voluntary Product Standards" (FR, Vol. 51, No. 118, June 29, 1986) and OMB 
Circular No. A-119. 

 
 3. Alternative Test Procedures Deemed Equivalent to EPA's 
 

In some cases, a specific leak detection method may not be adequately covered by EPA standard test procedures or a 
national voluntary consensus code, or the manufacturer may have access to data that makes it easier to evaluate the system 
another way. Manufacturers who wish to have their equipment tested according to a different plan (or who have already 
done so) must have that plan developed or reviewed by a nationally recognized association or independent third-party 
testing laboratory (e.g. Factory Mutual, National Sanitation Foundation, Underwriters Laboratory, etc.). The results should 
include an accreditation by the association or laboratory that the conditions under which the test was conducted were at least 
as rigorous as the EPA standard test procedure. In general, this will require the following: 

 
a. The evaluation tests the system both under the no-leak condition and an induced-leak condition with an induced leak 
rate as close as possible to (or smaller than) the performance standard. In the case of tank testing, this will mean testing 
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under both 0.0 gallon per hour and 0.10 gallon per hour leak rates. In the case of ground water monitoring, this will 
mean testing with 0.0 and 0.125 inch of free product. 

 
b. The evaluation should test the system under at least as many different environmental conditions as the corresponding 
EPA test procedure. 

 
c. The conditions under which the system is evaluated should be at least as rigorous as the conditions specified in the 
corresponding EPA test procedure. For example, in the case of volumetric tank tightness testing, the test should include 
a temperature difference between the delivered product and that already present in the tank, as well as the deformation 
caused by filling the tank prior to testing. 

 
d. The evaluation results must contain the same information and should be reported following the same general format 
as the EPA standard results sheet. 

 
e. The evaluation of the leak detection method must include physical testing of a full-sized version of the leak detection 
equipment, and a full disclosure must be made of the experimental conditions under which: (1) the evaluation was 
performed, and (2) the method was recommended for use. An evaluation based solely on theory or calculation is not 
sufficient. 

 
 

Appendix V 
 

Certificate of Tank and Pipe Installations 
 
The owner or operator shall use the form below to certify that the underground storage tank and piping were installed properly. 
 

(Copies of A, B, and C forms available at http://www.swrcb.ca.gov.) 
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Appendix VI   

(Copies of Monitoring System Certification form and UST Monitoring Plot Plan available at http://www.swrcb.ca.gov.) 
 

MONITORING SYSTEM CERTIFICATION 
For Use By All Jurisdictions Within the State of California 

Authority Cited: Chapter 6.7, Health and Safety Code; Chapter 16, Division 3, Title 23, California Code of Regulations 
 
This form must be used to document testing and servicing of monitoring equipment. A separate certification or report must be prepared for each 
monitoring system control panel by the technician who performs the work.  A copy of this form must be provided to the tank system 
owner/operator.  The owner/operator must submit a copy of this form to the local agency regulating UST systems within 30 days of test date. 

A. General Information 
Facility Name:  ________________________________________________________________________  Bldg. No.:___________________ 
 
Site Address: ________________________________________________  City: ________________________  Zip: ____________________ 
 
Facility Contact Person: ___________________________________________  Contact Phone No.: (_______)__________________________ 
 
Make/Model of Monitoring System: ________________________________________      Date of Testing/Servicing: ____/____/___________ 
 

B. Inventory of Equipment Tested/Certified 
Check the appropriate boxes to indicate specific equipment inspected/serviced: 

Tank ID: ____________________________________________ 
•  In-Tank Gauging Probe.  Model: ____________________ 
•  Annular Space or Vault Sensor.  Model: ____________________ 
•  Piping Sump / Trench Sensor(s).  Model: ____________________ 
•  Fill Sump Sensor(s).  Model: ____________________ 
•  Mechanical Line Leak Detector.  Model: ____________________ 
•  Electronic Line Leak Detector.  Model: ____________________ 
•  Tank Overfill / High-Level Sensor.  Model: ____________________ 
•  Other (specify equipment type and model in Section E on Page 2). 

Tank ID: ____________________________________________ 
•  In-Tank Gauging Probe.  Model: ____________________ 
•  Annular Space or Vault Sensor.  Model: ____________________ 
•  Piping Sump / Trench Sensor(s).  Model: ____________________ 
•  Fill Sump Sensor(s).  Model: ____________________ 
•  Mechanical Line Leak Detector.  Model: ____________________ 
•  Electronic Line Leak Detector.  Model: ____________________ 
•  Tank Overfill / High-Level Sensor.  Model: ____________________ 
•  Other (specify equipment type and model in Section E on Page 2). 

Tank ID: ____________________________________________ 
•  In-Tank Gauging Probe.  Model: ____________________ 
•  Annular Space or Vault Sensor.  Model: ____________________ 
•  Piping Sump / Trench Sensor(s).  Model: ____________________ 
•  Fill Sump Sensor(s).  Model: ____________________ 
•  Mechanical Line Leak Detector.  Model: ____________________ 
•  Electronic Line Leak Detector.  Model: ____________________ 
•  Tank Overfill / High-Level Sensor.  Model: ____________________ 
•  Other (specify equipment type and model in Section E on Page 2). 

Tank ID: ____________________________________________ 
•  In-Tank Gauging Probe.  Model: ____________________ 
•  Annular Space or Vault Sensor.  Model: ____________________ 
•  Piping Sump / Trench Sensor(s).  Model: ____________________ 
•  Fill Sump Sensor(s).  Model: ____________________ 
•  Mechanical Line Leak Detector.  Model: ____________________ 
•  Electronic Line Leak Detector.  Model: ____________________ 
•  Tank Overfill / High-Level Sensor.  Model: ____________________ 
•  Other (specify equipment type and model in Section E on Page 2). 

Dispenser ID: ________________________________________ 
•  Dispenser Containment Sensor(s).  Model: ____________________ 
•  Shear Valve(s). 
•  Dispenser Containment Float(s) and Chain(s). 

Dispenser ID: ________________________________________ 
•  Dispenser Containment Sensor(s).  Model: ____________________ 
•  Shear Valve(s). 
•  Dispenser Containment Float(s) and Chain(s). 

Dispenser ID: ________________________________________ 
•  Dispenser Containment Sensor(s).  Model: ____________________ 
•  Shear Valve(s). 
•  Dispenser Containment Float(s) and Chain(s). 

Dispenser ID: ________________________________________ 
•  Dispenser Containment Sensor(s).  Model: ____________________ 
•  Shear Valve(s). 
•  Dispenser Containment Float(s) and Chain(s). 

Dispenser ID: ________________________________________ 
•  Dispenser Containment Sensor(s).  Model: ____________________ 
•  Shear Valve(s). 
•   Dispenser Containment Float(s) and Chain(s 

Dispenser ID: ________________________________________ 
•  Dispenser Containment Sensor(s).  Model: ____________________ 
•  Shear Valve(s). 
•  Dispenser Containment Float(s) and Chain(s). 

*If the facility contains more tanks or dispensers, copy this form.  Include information for every tank and dispenser at the facility. 
 

C. Certification - I certify that the equipment identified in this document was inspected/serviced in accordance with the manufacturers’ 
guidelines.  Attached to this Certification is information (e.g. manufacturers' checklists) necessary to verify that this information is correct and 
a Plot Plan showing the layout of monitoring equipment.  For any equipment capable of generating such reports, I have also attached a copy of 
the report; (check all that apply):           •  System set-up      •  Alarm history report  

 
Technician Name (print): _________________________________   Signature: __________________________________________________ 
 

Certification No.: _______________________________________ License. No.: ________________________________________  
 

Testing Company Name: _______________________________________________  Phone No.:(_______)_____________________________ 
 

Site Address: ___________________________________________________________  Date of Testing/Servicing: ____/____/_____________ 
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D. Results of Testing/Servicing 
 

Software Version Installed: _____________________________________ 
 

Complete the following checklist: 
•  Yes •  No* Is the audible alarm operational? 

•  Yes •  No* Is the visual alarm operational? 

•  Yes •  No* Were all sensors visually inspected, functionally tested, and confirmed operational? 
•  Yes •  No* Were all sensors installed at lowest point of secondary containment and positioned so that other equipment will not interfere with their proper 

operation? 
•  Yes •  No* 

•  N/A 
If alarms are relayed to a remote monitoring station, is all communications equipment (e.g. modem) operational?    

•  Yes •  No* 
•  N/A 

For pressurized piping systems, does the turbine automatically shut down if the piping secondary containment monitoring system detects a leak, 
fails to operate, or is electrically disconnected?  If yes: which sensors initiate positive shut-down?  (Check all that apply)  •  Sump/T rench Sensors;  
•  Dispenser Containment Sensors. Did you confirm positive shut -down due to leaks and sensor failure/disconnection?  •  Yes;  •  No.  

•  Yes •  No* 
•  N/A 

For tank systems that utilize the monitoring system as the primary tank overfill warning device (i.e. no mechanical overfill prevention valve is 
installed), is the overfill warning alarm visible and audible at the tank fill point(s) and operating properly?  If so, at what percent of tank capacity 
does the alarm trigger?  ________% 

•  Yes* •  No 
 

Was any monitoring equipment replaced?  If yes, identify specific sensors, probes, or other equipment replaced and list the manufacturer name and 
model for all replacement parts in Section E, below. 

•  Yes* •  No 
 

Was liquid found inside any secondary containment systems designed as dry systems?  (Check all that apply) •  Product;  •  Water.  I f yes, 
describe causes in Section E, below. 

•  Yes •  No* Was monitoring system set-up reviewed to ensure proper settings? Attach set up reports, if applicable 

•  Yes •  No* Is all monitoring equipment operational per manufacturer’s specifications?  

* In Section E below, describe how and when these deficiencies were or will be corrected. 
 

E. Comments:    ___________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 
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F. In-Tank Gauging / SIR Equipment: •   Check this box if tank gauging is used only for inventory control. 
  •   Check this box if no tank gauging or SIR equipment is installed.  
 

This section must be completed if in-tank gauging equipment is used to perform leak detection monitoring. 
 

Complete the following checklist: 
•  Yes •  No* Has all input wiring been inspected for proper entry and termination, including testing for ground faults?  
•  Yes •  No* Were all tank gauging probes visually inspected for damage and residue buildup?  
•  Yes •  No* Was accuracy of system product level readings tested?  
•  Yes •  No* Was accuracy of system water level readings tested?  
•  Yes •  No* Were all probes reinstalled properly?    
•  Yes •  No* Were all items on the equipment manufacturer’s maintenance checklist completed?     
* In the Section H, below, describe how and when these deficiencies were or will be corrected. 

 
G. Line Leak Detectors (LLD): •  Check this box if LLDs are not installed. 

  
Complete the following checklist: 

•  Yes •  No* 
•  N/A 

For equipment start-up or annual equipment certification, was a leak simulated to verify LLD performance? (Check all that 
apply)  Simulated leak rate:  •  3 g.p.h.;  •  0.1 g.p.h ;  •  0.2 g.p.h.  
 

•  Yes •  No* Were all LLDs confirmed operational and accurate within regulatory requirements?  
•  Yes •  No* Was the testing apparatus properly calibrated?  
•  Yes •  No* 

•  N/A 
For mechanical LLDs, does the LLD restrict product flow if it detects a leak?  

•  Yes •  No* 
•  N/A 

For electronic LLDs, does the turbine automatically shut off if the LLD detects a leak?  

•  Yes •  No* 
•  N/A 

For electronic LLDs, does the turbine automatically shut off if any portion of the monitoring system is disabled or disconnected?  

•  Yes •  No* 
•  N/A 

For electronic LLDs, does the turbine automatically shut off if any portion of the monitoring system malfunctions or fails a test?  

•  Yes •  No* 
•  N/A 

For electronic LLDs, have all accessible wiring connections been visually inspected?  

•  Yes •  No* Were all items on the equipment manufacturer’s maintenance checklist completed?     
* In the Section H, below, describe how and when these deficiencies were or will be corrected. 

 

H. Comments: ___________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 

___________________________________________________________________________________________________________ 
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Monitoring System Certification  
 

UST Monitoring Site Plan 
 

Site Address: ________________________________________________________________________________________________ 
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Date map was drawn: ____/____/____. 

 

Instructions 
 
If you already have a diagram that shows all required information, you may include it, rather than this page, with your Monitoring System 
Certification.  On your site plan, show the general layout of tanks and piping.  Clearly identify locations of the following equipment, if installed: 
monitoring system control panels; sensors monitoring tank annular spaces, sumps, dispenser pans, spill containers, or other secondary 
containment areas; mechanical or electronic line leak detectors; and in-tank liquid level probes (if used for leak detection).  In the space 
provided, note the date this Site Plan was prepared. 
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40 CFR Ch. I (7–1–09 Edition) § 280.10 

280.92 Definition of terms. 
280.93 Amount and scope of required fi-

nancial responsibility. 
280.94 Allowable mechanisms and com-

binations of mechanisms. 
280.95 Financial test of self-insurance. 
280.96 Guarantee. 
280.97 Insurance and risk retention group 

coverage. 
280.98 Surety bond. 
280.99 Letter of credit. 
280.100 Use of state-required mechanism. 
280.101 State fund or other state assurance. 
280.102 Trust fund. 
280.103 Standby trust fund. 
280.104 Local government bond rating test. 
280.105 Local government financial test. 
280.106 Local government guarantee. 
280.107 Local government fund. 
280.108 Substitution of financial assurance 

mechanisms by owner or operator. 
280.109 Cancellation or nonrenewal by a pro-

vider of financial assurance. 
280.110 Reporting by owner or operator. 
280.111 Recordkeeping. 
280.112 Drawing on financial assurance 

mechanisms. 
280.113 Release from the requirements. 
280.114 Bankruptcy or other incapacity of 

owner or operator or provider of finan-
cial assurance. 

280.115 Replenishment of guarantees, letters 
of credit, or surety bonds. 

280.116 Suspension of enforcement. [Re-
served] 

Subpart I—Lender Liability 

280.200 Definitions. 
280.210 Participation in management. 
280.220 Ownership of an underground stor-

age tank or underground storage tank 
system or facility or property on which 
an underground storage tank or under-
ground storage tank system is located. 

280.230 Operating an underground storage 
tank or underground storage tank sys-
tem. 

APPENDIX I TO PART 280—NOTIFICATION FOR 
UNDERGROUND STORAGE TANKS (FORM) 

APPENDIX II TO PART 280—LIST OF AGENCIES 
DESIGNATED TO RECEIVE NOTIFICATIONS 

APPENDIX III TO PART 280—STATEMENT FOR 
SHIPPING TICKETS AND INVOICES 

AUTHORITY: 42 U.S.C. 6912, 6991, 6991a, 6991b, 
6991c, 6991d, 6991e, 6991f, 6991g, 6991h. 

SOURCE: 53 FR 37194, Sept. 23, 1988, unless 
otherwise noted. 

Subpart A—Program Scope and 
Interim Prohibition 

§ 280.10 Applicability. 
(a) The requirements of this part 

apply to all owners and operators of an 

UST system as defined in § 280.12 except 
as otherwise provided in paragraphs 
(b), (c), and (d) of this section. Any 
UST system listed in paragraph (c) of 
this section must meet the require-
ments of § 280.11. 

(b) The following UST systems are 
excluded from the requirements of this 
part: 

(1) Any UST system holding haz-
ardous wastes listed or identified under 
Subtitle C of the Solid Waste Disposal 
Act, or a mixture of such hazardous 
waste and other regulated substances. 

(2) Any wastewater treatment tank 
system that is part of a wastewater 
treatment facility regulated under sec-
tion 402 or 307(b) of the Clean Water 
Act. 

(3) Equipment or machinery that 
contains regulated substances for oper-
ational purposes such as hydraulic lift 
tanks and electrical equipment tanks. 

(4) Any UST system whose capacity 
is 110 gallons or less. 

(5) Any UST system that contains a 
de minimis concentration of regulated 
substances. 

(6) Any emergency spill or overflow 
containment UST system that is expe-
ditiously emptied after use. 

(c) Deferrals. Subparts B, C, D, E, and 
G do not apply to any of the following 
types of UST systems: 

(1) Wastewater treatment tank sys-
tems; 

(2) Any UST systems containing ra-
dioactive material that are regulated 
under the Atomic Energy Act of 1954 
(42 U.S.C. 2011 and following); 

(3) Any UST system that is part of an 
emergency generator system at nuclear 
power generation facilities regulated 
by the Nuclear Regulatory Commission 
under 10 CFR part 50, appendix A; 

(4) Airport hydrant fuel distribution 
systems; and 

(5) UST systems with field-con-
structed tanks. 

(d) Deferrals. Subpart D does not 
apply to any UST system that stores 
fuel solely for use by emergency power 
generators. 

§ 280.11 Interim prohibition for de-
ferred UST systems. 

(a) No person may install an UST 
system listed in § 280.10(c) for the pur-
pose of storing regulated substances 
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