APPENDIX 4

EXAMPLE PRINTOUTS OF INDOOR AIR IMPACT
MODELS

1. Groundwater to indoor air, highly-permeable soils, residential exposure scenario.

2. Groundwater to indoor air, low/moderately permeable soils, residential exposure scenario.
3. Soil to indoor air, highly-permeable soils, residential exposure scenario.

4. Soil to indoor air, low/moderately permeable soils, residential exposure scenario.

5. Soil to indoor air, highly-permeable soils, industrial/commercial exposure scenario.

6. Soil to indoor air, low/moderately permeable soils, industrial/commercial exposure
scenario.
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The method used by the Ontario Ministry of Environment and Energy (MOEE 1996) to develop
soil screening levels for leaching concerns was adopted from guidance published by the
Massachusetts Department of Environment Protection (MADEP). This appendix provides
relevant sections and appendices from the 1994 MADEP publication entitled "Background
Documentation for the Development of the Massachusetts Contingency Plan Numerical
Standards".
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DEVELOPMENT OF DILUTION/ATTENUATION FACTORS (DAFs) FOR THE
LEACHING-BASED SOIL STANDARDS

)

INTRODUCTION

The Massachusetts Department of Environmental Protection has developed dilution attenuation
factors (DAFs) in order to establish soil cleanup criteria for the protection of groundwater from
leaching of residual contaminants in soil. DEP has adopted the modeling approach utilized by
the State of Oregon in a similar process. This report describes the model and its application
toward the development of DAFs for Massachusetts for a limited number of compounds of
concern, and the subsequent development of one regression algorithm that relates DAFs
developed by Oregon to those applicable in Massachusetts, and another algorithm that relates
DAFs to chemical specific parameters. The pathway to groundwater is only one consideration in
the final determination of an acceptable soil cleanup level.

THE OREGON MODEL

The Oregon model (Anderson, 1992) assumes a generic setting for a release of contaminant in
the unsaturated zone and then applies the combination of SESOIL and AT123D models to
estimate impact of the initial soil loading on a receptor assumed directly downgradient of the site
via the groundwater pathway. The SESOIL and AT123D models, while previously individually
developed (see References, Bonazountas, 1984 and Yeh, 1981), are a part of the risk assessment
Graphical Exposure Modeling System (GEMS) developed by USEPA. A pc-based version of
this (PCGEMS) was developed for USEPA by Genera: Sciences Corporation (1989). The two
models can now be linked so that SESOIL can pass leachate loadings to the saturated zone
AT123D model.

The Oregon model's site setting (see Figure 1) assumes a 3-meter thick unsaturated zone, divided
into three 1-meter layers. Contamination is initially released in the middle layer, as might occur
for a leaking tank or for a residual contaminant remaining after some remedial excavation with
clean cover backfill, and is uniformly distributed in this layer over a 10 meter by 10 meter area.
The unsaturated zone and aquifer are assumed to be the same sandy soil with uniform properties.
The upper and lower unsaturated zone layers are initially clean, as is the aquifer.



FIGURE 1
CONCEPTUAL SETTING
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Source: Anderson (1991)

SESOIL inputs include the soil type parameters, chemical properties, application rates,
and the climatic conditions of the area. The model is run as a transient monthly estimator
of leachate volumes and concentrations. Initially, no other transport mechanisms other
than leaching, partitioning, and volatilization were considered. Oregon used default
values in SESOIL for Portland Oregon climatic conditions, but distributed total
precipitation uniformly over the year.

SESOIL was initially found to overestimate losses via volatilization. A parameter, the
volatilization fraction (VOLF), was introduced to allow adjustment of losses through this
pathway and allow a site-specific calibration. This factor may be varied in time and
space. The Oregon study used a uniform VOLF factor of 0.2, based on consultation with
a panel of experts. One other soil-related parameter is the disconnectedness index. This
parameter varies for and within soil types. Two values are given as SESOIL defaults,
and the larger, 7.5, has been used in the simulations. An increase in this parameter
appears to result in a higher soil moisture, lower leachate rates, and somewhat lower
DAFs (i.e., is more conservative) for the compounds run.

AT123D inputs include general aquifer properties, source configuration, loadings to
groundwater, soil partition coefficients, and dispersivity values. The aquifer is assumed
to be infinitely wide and thick. The pc-based version of AT123D accepts monthly
transient loading rates calculated by SESOIL, and also provides a preprocessor for input
file preparation and editing. In utilizing the model, the center of the 10 by 10 meter
source area is assumed to be at coordinates 0,0,0. The positive x-axis is in the direction
of flow. Calculated concentrations are maximum along the x-axis (y=0) and at the water
table surface (z=0). Since the receptor is assumed to be 10 meters from the downgradient
edge of the source area, the concentration at x=15, y=0, and z=0 represents the receptor
location. Oregon used longitudinal, transverse, and vertical dispersivities of 20m, 2m,
and 2m, respectively. These values seem high for a sandy aquifer, but the values have
been retained to be consistent with the Oregon base values and to be protective of the
Commonwealth's sensitive aquifers on Cape Cod. DAFs are proportional to the
dispersivities, particularly sensitive to the vertical dispersivity.



Oregon ran the model for 10 indicator compounds and then developed a multiple linear
regression model relating the DAF to the organic partition coefficient (K,c) and the
Henry's Law constant (H) to provide preliminary DAFs for sixty other organic
compounds. Soil cleanup levels were generated based on the regression algorithm and a
safe drinking water level for each compound. In some cases, risk based levels
determined by other pathways were lower than the levels required to protect
groundwater. In these instances, the lower value was selected as the soil target level. A
similar approach was taken to develop the MCP Method 1 Standards, as described in

Section 5.3.

SIMULATIONS FOR MASSACHUSETTS

The approach taken to develop DAFs for Massachusetts was to determine the effect that
varying the location (changing the climatic conditions from Portland, Oregon to Boston,
Massachusetts in SESOIL) would have on the Oregon calculated DAFs. If the model
system was essentially linear with respect to loading, then DAFs already calculated for
Oregon would be directly related to DAFs appropriate for Massachusetts, and the general
algorithm developed by Oregon (with coefficients adjusted) could also be used to
estimated DAFs for other compounds. To this end, model runs were made using the
Oregon input values for SESOIL and AT123D with the exception of climate parameter
values. Eight indicator compounds were selected: benzene, toluene, ethylbenzene,
o-xylene, trichloroethene, tetrachloroethene, 1,1,1-trichloroethane, and naphthalene.

The input values for SESOIL are shown in Tables F-1 through F-4, and those for
AT123D are shown on Table F-5. Depending on the mobility of the compound through
the transport pathway, model runs varied from 2 years to 6 years as necessary to
determine the maximum concentration attained at the receptor location for a specific
compound. A point to consider in the adoption of the Oregon values, or adjustments to
them, is the need to agree with the physio-chemical parameters that were used to generate
the DAFs. Even in the eight indicator compounds selected, various accepted databases
provide some widely varying values for S, H and K. For example, for PCE, H is
reported with an order of magnitude difference, and values of K, and solubility differing
by a factor of 2 are reported for ethylbenzene in the literature.

Output concentrations at the selected receptor location demonstrated a cyclical nature due
to seasonal variations in precipitation and net recharge. Maximum concentrations were
not always attained in the first cycle due to seasonal variability. However, the model
output appeared to be linear with respect to the initial loading, allowing soil cleanup
levels to be estimated based on the linear DAF approach. Table F-6 shows the model-
based DAFs for Oregon and Massachusetts, and also, based on listed safe drinking water
levels and the estimated DAFs for Massachusetts, what soil target levels would be for the
eight indicator compounds run.



TABLE F-1
CLIMATE PARAMETER VALUES
FOR THE SESOIL MODEL

Default climate values for Boston as contained in the
SESOIL model. Latitude = 42 degrees.




TABLE F-2
SOIL PARAMETER VALUES
FOR THE SESOIL MODEL

Intrinsic permeability =1x107 cm?
Source area=1,000,000 cm?
Porosity =0.3

Disconnectedness index = 7.5
Soil bulk density = 1.5 gm/cm3 ‘
Soil organic carbon = 0.1%

Layer 1 thickness = 100 cm
Layer 2 thickness = 100 cm
Layer 3 thickness = 100 cm
No further sublayering specified

Clay content = 0%
All other parameters set to zero

except those to indicate uniform
parameters in all layers.




TABLE F-3
APPLICATIONS DATA
FOR SESOIL MODEL

Application month = October only

layer =2
rate = 1500 microgm/cm®
year = 1 only

Based on the area, thickness and bulk density, this produces an
initial concentration of 10 ppm. No other sources are added.

Volatile fraction (VOLF) =0.2
Uniform in time and space.

All other parameter values set to zero.




TABLE F+4
CHEMICAL DATA FOR SESOIL MODEL

Compound MW Ke $ u DA

ml/g mg/L atmnt/mo! cmPisec
benzene 78 83 1780 0.0055 0.109
cthylbenzene 106 575 161 0.00343 0.093
toluene 92 270 535 0.00668 0.100
o-xylene 106 302 171 0.00527 0.093
TCE 131 124 1100 0.00912 0.083
PCE 166 468 200 0.00204 0.075
1L,I,I-TCA 133 157 730 0.0231 0.080
128 1288 31 0.00118 0.085

MW = molecular weight

K = organic carbon partition coefficient
S = solubility in water

H = Henry's Law constant

DA = diffusion coefficient i air




TABLE F-5
AT123D MODEL INPUT PARAMETER VALUES

Soil bulk density = 1.5 g/ce
Porosity =03
Hydraulic conductivity = 0.5 m/hr
Hydraulic gradient = 0.005
Longitudinal dispersivity = 20.0 m
Transverse dispersivity = 2.0m
Vertical dispersivity =2.0m

Loading (kg/hr) passed by SESOIL link program
Distribution coefficient = K * fraction organic carbon
Source area = 10 m by 10 m, centered at 0,0

initial z penetration =0

Degradation rates initially zero




TABLE F-6
MODEL OUTPUT DRAFT DAFS
COMPARISON AND SOIL LEVELS

Oregon Mass

Compound DAF DAF
benzene 444 56.5
ethylbenzene 103.5 121.1
toluene 64.5 80.6
o-xylene 65.4 833
TCE 654 76.3
PCE 73.0 86.2
1,1,1-TCA 133.2 169.2
naphthalene 207.0 222.2

DRINKING SOIL

WATER
LEVEL

0.005
0.700
1.000
10.000
0.005
0.005
0.200
0.280

TARGET
LEVEL

ppm

0.28
84.8
80.6
8333
0.38
043
338
62.2




STATISTICAL RELATIONSHIPS

A linear regression was run on the eight DAF data pairs with DAFs for Oregon as the
independent variable. The model was :

DAFMass = A + B*DAFOregon

That is, the regression was not forced through the origin. For the eight data pairs, the
equation was

DAFmass = 12.39 + 1.053*DAForegon

with an r of 0.9913. Thus, over the range of data spanned by these eight compounds, the
correlation appears good. Table F-7 shows a comparison of the DAFs calculated by the
model and those by the linear regression equation above for the eight indicator
compounds. Differences between the two methods are less than 10 percent.

A multiple linear regression algorithm for DAF(Mass) as a function of K, and H was
also developed along the same lines as that developed by Oregon. This allows the
calculation of DAFs for compounds for which Oregon did not consider, and which also
may be used exclusively from the linear regression cited above. Two models were

considered:

(a) DAF = A + B*H + C*K,. ,and
(b) DAF= B*H+C*K,.

where A, B, and C are regression coefficients. As with the Oregon analysis, it proved
that the constant term was not statistically different from zero, and the simpler second
model was adopted. Regression analysis yielded:

The fit here is somewhat better than the r-squared
value of .956 for the Oregon model in that one DAF=6207*H + 0.166 * K,
compound with a large residual (carbon tetrachloride
with a residual of 30) was not used here, and the

average difference is much smaller with the eight
compounds than for Oregon's ten. Table F-8 shows the relationship between the model
DAFs and the regression expression predicted values. Only one compound varies more
than 10 percent while six of the eight have percent differences less than five.
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TABLE F-7
COMPARISON BETWEEN MODEL DAFS
AND LINEAR REGRESSION DAFS

BASED ON OREGON DAFS
Compound Model DAF Regr. DAF  %Diff.
benzene 56.5 59.1 4.60
ethylbenzene 121.1 1214 0.25
toluene 80.6 80.3 -0.37
o-xylene 83.3 81.3 -2.40
TCE 76.3 81.3 6.55
PCE 86.2 89.3 3.60
1,1,1-TCA 169.2 152.6 -9.81
naphthalene  222.2 230.4 3.69
TABLE F-8

RESULTS OF THE MULTIPLE LINEAR REGRESSION

EQUATION FOR H AND KOC
Compound  Model DAF  Predicted % Diff.
benzene 56.5 479 -15.2
ethylbenzene 121.1 116.7 -3.6
toluene 80.6 86.3 7.1
o-xylene 833 82.8 -0.5
TCE 76.3 77.2 1.2
PCE 86.2 90.4 49
1,LI-TCA  169.2 169.4 0.1
naphthalene 222.2 221.1 -0.5

BIODEGRADATION

It is intuitive that biodegradation may play an important role in attenuating the potential
impact of residual contaminants in soils on groundwater. However, there are a great
many site-specific conditions that will determine actual biodegradation rates. Further,
literature values cover a wide range and the exact conditions under which they were
estimated are rarely known. Literature values should be applied only with great caution

11



to any estimation of contaminant fate and transport. In order to evaluate the potential
effect of biodegradation, rate constants cited by Howard et al (1991) were input to the
model for the five compounds of the eight indicator compounds known to degrade
aerobically. This eliminated the chlorinated compounds TCE, PCE, and 1,1,1-TCA. In
addition, one additional rate for benzene (0.002/day from the California LUFT guidance)
was also run. Four runs were made for benzene as the most critical compound, at the
California rate, at the high and low rates cited by Howard and at the geometric mean of
the Howard high and low rates. Only one rate, the low Howard value, was used for each
of the other four compounds. The reason for this will be seen shortly.

The degradation rates in Howard appear to be high, with half lives for the BTEX
compounds on the order of days. This implies that within a year, residual concentrations
in soil would be reduced by biodegradation several (three to six) orders of magnitude.

Table F-9 presents the results of the model runs.

For all situations except for the two lowest rates for benzene, the DAFs become huge. In
essence, this indicates that only trace amounts of the contaminants ever reach the
groundwater table. Soil target level estimation using large DAFs and the linear approach
should be done only with extreme caution. A contaminant in the subsurface will attempt
to reach equilibrium concentrations in the air, moisture and sorbed to soil. At some total
concentration, equilibrium sclubility in moisture would be exceeded, indicating the
probable presence of free product. In this case, the linearity and basic assumptions in the
model may be violated. Of further consideration are the potential toxic effects on the
biological population as concentrations of the compounds increase. For these
circumstances, estimation of soil target levels considering biodegradation is very

difficult.

12



TABLE F-9
RESULTS OF THE BIODEGRADATION RUNS

Compound Rate Rate DAF

in Soil in Water

1/day 1/day
benzene 0.002 0.001 * 84.7
benzene 0.0433 0.000963 2178.
benzene 0.0775 0.00817 1.5x10*
benzene 0.1386 0.0693 5.7x 10’
toluene 0.0315 0.02475 8.7x 10°
ethylbenzene 0.0693 0.00304 1.8x 10"
o-xylene 0.02475 0.001899 28x10°
naphthalene 0.01444 0.00269 8.6x 10"

* Note: Odencrantz's article on the Califomnia LUFT parameter
values did not cite a rate for water. This was assumed here to be half
that in soil. Note that not much more degradation occurs in the
aquifer due to the rapid travel time to the receptor of about 11 to 12
days (large longitudinal dispersivity and low retardation).

13



SENSITIVITY

A detailed sensitivity analysis was not done at this point in time. However, Oregon did
perform some sensitivity analyses, and sensitivity of these models as applied in
California's LUFT program is discussed in another article (Odencrantz, et al, 1992)
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1 INTRODUCTION

This document describes the rationale behind the development of effects-based generic soil,
groundwater and sediment quality criteria, to be used in place of the 1989 soil clean-up levels in
the remediation of contaminated sites in Ontario. This rationale document replaces the document
entitled "Soil Clean-up Guidelines for Decommissioning of Industrial Lands: Background and
Rationale for Development". The use and application of these criteria are described in the
"Guideline for Use at Contaminated Sites in Ontario" (1996) which replaces the MOE 1989
"Guideline for the Decommissioning and Clean-up of Sites in Ontario" and the 1993 "Interim
Guidelines for the Assessment and Management of Petroleum Contaminated Sites in Ontario".

This introduction is the first of four sections comprising the rationale document. Section 2
provides an overview of the environmental approach, guiding principles, and remediation options
and their linkage with the criteria development process. Section 3 describes in detail, the process
and assumptions used in the development of the soil and groundwater criteria. This includes a
full description of the Massachusetts methodology that was adopted for use in Ontario, as well as
the modifications and additional components that were utilized. All references utilized in this
document are listed in Section 4. The criteria tables, on which decisions relating to site
remediation will be based, are found in Appendix A. Also provided in Appendix A are summary
tables of all criteria components. Additional scientific documents and supporting information for
the development of the criteria are found in Appendix B.

2 OVERVIEW OF THE APPROACH, GUIDING PRINCIPLES AND MAJOR
ASPECTS OF THE CRITERIA DEVELOPMENT PROCESS.

2.1 General Approach

The revision of the Ministry's 1989 guideline for the decommissioning and clean-up of
contaminated sites is predicated on providing a more flexible, environmentally protective
approach which will be applicable to a greater number of environmental contaminants and
provide an increased level of guidance and remediation options to proponents. From an
environmental aspect, this flexibility was achieved by more closely matching receptors and
exposure pathways to land and groundwater use categories, and to the extent possible, to site
conditions which affect contaminant transport and exposure.

The MOEE has participated in the development of a protocol for setting effects-based soil quality
criteria under the National Contaminated Sites Remediation Program of the Canadian Council of
Ministers of Environment (CCME). These protocols are summarized in the CCME document
entitled "A Protocol for the Derivation of Ecological Effects Based and Human Health Based
Soil Quality Criteria for Contaminated Sites." (1994). However, as the development of soil
clean-up criteria based on CCME criteria documents will take several years, the MOEE explored
other options to provide effects-based criteria.
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The Department of Environmental Protection, Bureau of Waste Site Cleanup and the Office of
Research and Standards for the Commonwealth of Massachusetts, have jointly produced
chemical-specific standards for use under their revised Massachusetts Contingency Plan (MCP)
which was promulgated in October 1993. Generic criteria for 106 inorganic/organic
contaminants were developed using a risk characterization approach to provide protection to

human and environmental health.

After a review of the general assumptions and multi-media components of the MCP approach, a
decision was made to adopt and modify this approach for generic soil and groundwater "risk-
based" site remediation criteria in Ontario. The MCP approach was selected as it appeared to
best meet Ontario's needs for a large number of effects-based soil and groundwater criteria which
address most potential human health and aquatic exposure pathways. It was also chosen because
both the toxicological assessments and exposure scenarios carried out by the Massachusetts
Department of Environmental Protection (DEP) had been subjected to extensive public
consultation and had been promulgated as standards.

All assumptions for risk characterization, dose-response and toxicity information, methods,
calculations and data inputs to the MCP standards development process are detailed in the
Massachusetts document entitled "Background Documentation for the Development of the MCP
Numerical Standards" (1994). The relevant portions of this document have been included in
Appendix B.5. Modifications were made to various inputs into the MCP spreadsheets so that the
criteria for the 106 chemicals would better represent the Ontario situation.
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3.2.3 Additional Soil Criteria Components Incorporated by MOEE
3.2.3.1 Terrestrial Ecological Soil Criteria Component

The MCP approach addresses primarily human-health effects with some consideration of indirect
ecological effects (aquatic) through the soil/groundwater leaching-based concentrations (GW-3).
However, there is no consideration for direct soil contact exposure for terrestrial ecological
receptors. As MOEE is also committed to providing ecological protection, ecotoxicity criteria
were included in the development process for soil criteria. Ontario ecological effects-based
criteria for inorganics were incorporated into the process to develop surface restoration criteria
for soils. The decision was made that terrestrial ecological protection for direct contact below
the 1.5 meter depth, was not appropriate. Therefore, only human health and indirect ecological
effects through leaching (via groundwater to surface water) were considered for sub-surface soil

criteria (>1.5m depth).

The Netherlands have also developed ecosystem toxicity-based soil criteria for several inorganic
and organic contaminants. These concentrations were utilized in the process when Ontario
ecological criteria did not already exist. The Massachusetts DEP developed soil and groundwater
criteria (based on human health) for 106 inorganic and organic chemicals. The integration of
additional criteria for metals and inorganic parameters, based on ecological data, increased the
soil chemical list to 115.

The following inorganic parameters were added to the soil criteria development process: barium,
boron, chromium (total), cobalt, copper, molybdenum, electrical conductivity (mS/cm), nitrogen
(total), and sodium absorption ratio (SAR).

The Massachusetts DEP chose to develop a human health risk-based criterion for chromium III
and VI but not for total chromium. MOEE has ecological effects-based criteria for total
chromium. Therefore, the committee decided to include total chromium on the chemical list.
The Phytotoxicology Section of the MOEE Standards Development Branch has recently
developed soil quality criteria for boron based on phytotoxicity effects data. Boron has been
included in the chemical list; however, the boron criteria, which address the 'available' boron in
soil are based on a 'hot water extract' rather than bulk soil analysis. The development of the
boron criteria is described in detail in Appendix B.3.

3.2.3.1.1 Exposure Pathways and Protection of Ecological Receptors at Various Land Uses

In determining numerical criteria for soil based on potential ecological effects, it was necessary
to make judgements as to what receptors should be protected and what level of protection was
required for each land use category. A full range of philosophies exist, from protection against
the earliest detectable effects to any species that could potentially occur on a site, or be affected
by contamination at a site, to protection against the most severe of effects to very common
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species which normally occur on sites of a particular land use category. The philosophy that is
adopted can, therefore, strongly influence the final generic criteria derived. This section outlines
the level of ecological protection which forms the basis for the development of the ecological
criteria for each of the three land use categories: agricultural, residential/parkland and

industrial/commercial.

To the extent permitted by available scientific evidence, these types of protection were
incorporated into the criteria development process for each land use category. However, it must
be stressed that in many cases, the lack of scientific evidence prohibited the development of on

ecological component.

Agricultural Land Use Category

Soils that are to be used for agricultural purposes should be able to support the growth of a wide
range of commercial crops as well as the raising of livestock. Contamination due to
anthropogenic activities should not result in noticeable yield reductions of commercial crops that
cannot be remedied through normal farming practices. Soil concentrations of chemical
parameters also should be sufficiently low that there are no known or suspected adverse impacts
on domestic grazing animals, including migratory and transitory wildlife, through both direct soil
ingestion or through ingestion of plants grown on the soil. Since soil invertebrates and
microorganisms provide important functions for the overall health of a soil, and the plants
supported by the soil, these populations should not be adversely affected to the point where
functions such as nutrient cycling, soil:root symbiotic relationships and decomposition are
significantly reduced or impaired.

A consideration of all of the above factors also must recognize that in certain situations,
agricultural chemicals are utilized because they are capable of selective toxicological action
against undesirable plants and soil organisms. In these situations, a case specific approach will
be necessary in the soil remediation process.

Residential/Parkland Land Use Category

The need for protection of commercial crops in the residential/parkland land use category is not
as apparent as for agriculture; nevertheless, the common practice of growing backyard vegetable
gardens and allotment gardens results in there being little practical difference between the plant
species to be protected at residential sites and those at agricultural sites. Since parkland is
included with residential land use in this category, it is also necessary to protect migratory and
transitory species that may utilize such sites. The major difference from agricultural sites is that,
for residential/parkland sites, the protection of domestic grazing animals such as sheep and cattle
is not an important consideration.
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Industrial/Commercial Land Use Category

It is not necessary to require as high a degree of protection for on-site ecological receptors at an
industrial or commercial site as it is for agricultural or residential/parkland sites. The soil at
industrial sites should be capable of supporting the growth of some native and ornamental trees,
shrubs and grasses, but, it is not as important to protect against yield or growth reductions to the
same extent as for residential and agricultural properties, nor to protect as wide a range of
species. Since it would be highly undesirable to have transitory or migratory species being
affected by utilizing any specific industrial or commercial property, criteria should be sufficiently
protective to prevent such adverse effects on these species.

3.2.3.1.2 Existing MOEE Soil Clean-up/Decommissioning Guidelines (SCUGs)

The rationale on which the 1989 guidelines was based was described in the MOE publication
"Soil Clean-up Guidelines for Decommissioning of Industrial Lands: Background and Rationale
for Development" (MOE, 1991). This publication has been replaced and relevant information
applicable to those parameters that were utilized in the 1995 criteria development process can be

found in Appendix B.3.

Soil clean-up criteria were developed for the following parameters: As, Cd, Cr (total), CrVI, Co,
Cu, Pb, Hg, Mo, Ni, Se, Ag, Zn, soil pH range, Electrical Conductivity and Sodium Absorption
Ratio. However, in the case of Cd, Pb, and Hg, the 1989 criteria were influenced more by human
health considerations rather than ecological effects, and accordingly these criteria were discarded
(with the exception of Cd for the agricultural land use category).

Re-examination of the rationale for the 1989 ecological criteria indicated that although the
process was much less rigorous than the most recent CCME protocol for the development of
ecological criteria, it did offer several important features:

- the criteria have been utilized in Ontario for 15 years without any evidence to indicate
that protection was not provided

- the criteria have been widely adopted for use in other jurisdictions including the CCME
without any evidence of problems

- early evidence from the new CCME process which has been applied to a limited number
of parameters indicates that the 1989 ecological criteria are in reasonable agreement with
the results from this process

- a thorough review of the available literature combined with an experimental program by
the Phytotoxicology Section has confirmed that in the case of copper, the 1989 values are
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fully in line with values that emerge from this type of analysis

Based on this assessment, a decision was made to incorporate the 1989 ecological criteria. The
following additional considerations were utilized.

A strong argument can be made that the 1989 SCUGs for Cd (i.e. 3 ppm for coarse-textured soils
and 4 ppm for medium/fine textured soils) are still valid for the agricultural use category. Cd is
an element that is not readily eliminated in mammals, and it is known to bio-accumulate in
tissue. Grazing animals that are ingesting Cd accumulated in plants growing on contaminated
soils and from the soils themselves may be more at risk from Cd accumulation than is accounted
for by any criterion higher than the current MOEE SCUG of 3 ppm (e.g. the Netherlands
ecotoxicity criterion for Cd is 12 ug/g). It is known that wild ungulates grazing on lands with
natural background Cd concentrations can accumulate Cd in the kidneys to the point where the
kidneys are unfit for consumption. Some species of food plants (i.e. spinach and lettuce) have
been observed to accumulate Cd in the edible portions of the plant to levels that would be of
concern, even at relatively low soil Cd concentrations. Although the change of the Cd guideline
from 3 g/g to 12 ug may be suitable for residential purposes, there is little evidence that it takes
the above factors into consideration for agricultural land uses.

The CCME draft document "A Protocol for the Derivation of Ecological Effects Based and
Human-Health Based Soil Quality Criteria" (1994) contains some equations that are useful for
estimating guidelines based on food ingestion and soil ingestion by animals utilizing the land.
Using these equations and data preseuted in the draft CCME assessment document on Cadmium
(Canadian Soil Quality Criteria for Contaminated Sites: Cadmium), a guideline of 3 pg Cd/g is
indicated to be appropriate for agricultural use. These equations are presented below. For these
reasons, it was decided to continue using the 3 ng/g guideline for cadmium for agricultural use
unless and until there is substantial justification to indicate that it too should be changed. The
following is a CCME calculation of soil quality criteria based on food ingestion by animals (e.g.

cattle):

EDFI=DTED x BW/FIR
= 0.0028 mg Cd kg-1BW x day-1 x 100kg / 3kg day-1
=0.093 mg/kg dw food

SQCfi = EDFI x AFfi/BCF

=0.093 mg/kg x 0.85/0.025
=3.16 mg/kg

CCME calculation of soil quality criteria based on soil ingestion by animals

EDFI=DTED x BW/SIR
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=0.0028 mg Cd kg-1BW x day-1 x 100kg / 0.54kg day-1
=(0.519 mg/kg dw soil

SQCsi = EDSI x AFsi/ BF
=0.519 mg/kg x 0.18/ 0.025

=3.74 mg/kg

Where:
SQCfi= Soil Quality Criteria for Food Ingestion
SQCsi = Soil Quality Criteria for Soil Ingestion
EDFI = Estimated dose for Food Ingestion
DTED = Daily Threshold Effects Dose
BwW= Body Weight
FIR = Food Ingestion Rate
SIR = Soil Ingestion Rate
AFfi= Apportionment factor for Food ingestion
AFsi= Apportionment Factor for Soil Ingestion
BCF = Bioconcentration Factor
BF = Bioavailability Factor

The 1989 Cu, Mo, and Se SCUG criteria for agricultural/residential/parkland land uses were
developed to protect grazing livestock. The industrial/commercial SCUG criteria for these three
parameters provided protection to vegetation only. For this reason, the industrial/commercial
SCUG criteria (for coarse-textured and medium-fine textured soils) were selected for both the
residential/parkland and industrial/commercial land use categories where grazing animals are not
likely to occur. The Cu, Mo and Se SCUG values that were based on protection of grazing
livestock will apply to the agricultural land use category only.

The electrical conductivity of soil is essentially a measurement of the total concentration of
soluble salts in the soil solution and can have a large osmotic influence on plant growth, as well
as on soil organisms. The existing MOEE SCUGs for electrical conductivity (E.C.) of a soil
required the use of a saturated extract. This procedure is time consuming and results are
subjective; i.e. the end point of saturation is determined by the technician's expert opinion.

A fixed 2:1 water:soil procedure eliminates this uncertainty and provides a more rapid and
reliable test. Both MOEE (Phytotoxicology Section) and Ontario Ministry of Agriculture, Food
and Rural Affairs (OMAFRA) now use the 2:1 procedure for most routine samples. The
water:soil ratio used for the extract affects the resultant electrical conductivity; hence, the
existing SCUG of 2.0 mS/cm (agricultural/residential/parkland) and 4.0 mS/cm
(commercial/industrial) were adjusted to account for the change in water:soil ratio for this

criterion.
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Data in Extension Bulletin E-1736 (Michigan State University, 1983) made available to the
committee by the Department of Land Resource Science, University of Guelph, show that for a
given E.C., in saturation extract, the expected E.C. in a 2:1 water:soil ratio would be one third of
the former. The appropriate E.C. for both agricultural and residential/parkiand land use
categories is 0.667 mS/cm. When rounded to 0.7 mS/cm, this value corresponds with the
boundary between what McKeague (1978) states "may result in a slightly stunted condition in
most plants" and "slight to severe burning of most plants". This is a reasonable concentration at
which to establish the E.C. SCUG and confirmed the use of the divisor of 3 as a conversion
factor. Using this conversion factor, the industrial/commercial SCUG for E.C. becomes 1.4

mS/cm.

Provisional soil clean-up guidelines were also produced in 1989 for Sb, Ba, Be and V for which
the knowledge of their potential adverse phytotoxic effects was more limited than for the other
inorganic parameters. These provisional criteria were also incorporated into the current modified

criteria development process.

In all cases, MOE SCUG criteria values for coarse-textured soils, as well as medium and fine
textured soils have been adopted from the 1989 guidelines for use in the current criteria
development process. Coarse-textured soils are defined here as greater than 70% sand. The
medium and fine textured soil SCUGs are 20-25% higher than the corresponding values for

coarse-textured soils.

3.2.3.1.3 The Netherlands "C Level" Ecotoxicity Criteria

The Dutch government published soil and groundwater clean up guidelines, "ABC values”, in
1983. These guidelines have undergone revision over the last 7 years to include both human
health and ecological effects-based data. A new set of C-values has been proposed (Vegter,
1993). The final integrated C-value includes a human health component, as well as the
ecological component, and includes risk management adjustments. The ecological component of
the C-value is derived by taking the geometric mean or the average value of the logarithm of the
No Observable Adverse Effect Concentration (NOEC) (Denneman and van Gestel, 1990). This
means that the C-value represents the chemical concentration at which the NOEC for 50% of the

ecological species has been exceeded.

For the purposes of this guideline, the ecotoxicity component of the C-value was incorporated
into the soil criteria development process in all cases where a 1989 MOE SCUG value was not
available. In addition to the references listed above, more information on the Dutch guidelines
can be found in the following references: van den Berg and Roels (1993); van den Berg et al.
(1993); and Denneman and Robberse (1990).
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Appendix B.3: Rationale for MOEE Ecotoxicity-Based Soil Criteria.

(IN: Rational For The Development And Application Of Generic Soil Groundwater, And Sediment
Criteria For Use At Contaminated Sites In Ontario, Standards Development Branch, Ontario
Ministry of Environment and Energy, December 1996 (ISNB: 0-7778-2818-9)
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Appendix B.3

This appendix replaces the rationale which was the basis for the 1989 ecotoxicity-based soil
remediation criteria. The original rationale is described in the 1991 MOE publication entitled
"Soil Clean-up Guidelines for Decommissioning of Industrial Lands: Background and Rationale
for Development". Those parameters in the original rationale, which were based on human
health effects, have been removed. A rationale for a boron soil criterion (hot water extract),

based on protection of vegetation and grazing animals, has been added.

All relevant information applicable to MOEE ecotoxicity-based soil values utilized in the 1995
soil remediation criteria development process are contained in the following sections. As more
information on these and other soil parameters becomes available, the information will be
included in this appendix as part of the rationale for deriving ecotoxicity criteria for soil

remediation.
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1 BACKGROUND

In February, 1984, the Phytotoxicology Section was requested by the Halton-Peel District
Office of the MOE to provide input into the development of soil criteria for the decommissioning
of certain oil refinery lands. Proposed land uses tuade it desirable to have separate criteria for
residential and industrial redevelopment. Monenco Consultants, on behalf of one of the oil
companies, undertook a large-scale literature survey in an attempt to relate contaminant
concentrations in soil to toxic effects on vegetation and animals. As a result of this effort,
Monenco recommended site-specific ecotoxicity-based soil criteria for a number of contaminants

(Monenco Ontario Ltd., 1984a & 1984b).

Subsequent to the above-described exercise, the Phytotoxicology Section was asked to
recommend soil clean-up criteria for additional contaminants. Provisional criteria for these
additional elements were developed, based on literature reviews. The Phytotoxicology Section
was requested by the MOE Waste Management Branch to develop clean-up levels for
agricultural land use. This request was brought to the attention of the Sludge and Waste
Utilization Committee. It was the opinion of this Committee that the residential/parkland
clean-up levels previously developed were, with minor modifications/qualifications, also suitable

for application to agricultural situations.

2 RATIONALES FOR ECOTOXCITY-BASED SOIL CRITERIA

The recommended ecotoxicity-based soil remediation criteria are shown in Section 5.1
(Table 5.1). The rationales for their development include considerations of phytotoxicity and
animal health. In general, the most conservative of these considerations was used to established
agricultural and residential soil criteria. Redevelopment as parkland also was felt to warrant this
conservative approach, because parkland often is used by children at play, and occasionally is
used for allotment gardening.

Different industrial/commercial remediation levels (normally set at twice the residential
levels) were recommended where the residential and industrial criteria were both set on the same
basis but where phytotoxic concerns were judged to be considerably less significant in the
industrial/commercial environment. For two elements (molybdenum and selenium), residential
soil remediation levels were established to prevent toxicity to grazing animals, whereas a higher
industrial level was established to prevent toxicity to vegetation.

Provisional ecotoxicity-based soil remediation criteria recommended for four additional
contaminants are shown in Section 5.2 (Table 5.2). Because knowledge of potential adverse
effects of these elements in soil is generally more limited than for the Table 1 criteria, the
provisional criteria were purposefully established in an even more conservative vein.

Since the mobility and availability of metals in soils may be highly dependent on form of
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the metal, soil texture, pH and organic matter content, site-specific considerations of these
parameters may reveal the suitability of different criteria. For example, where metals are known
to be present in specific forms of very limited availability, higher levels may be considered.
Furthermore, in researching the clean-up criteria, Monenco Consultants utilized data from studies
on medium to fine textured soils (i.e. sandy soils excluded), in which mobility (availability) of
metals would be lower than in coarse-textured sand (hence, metals are less likely to accumulate
in sand than in clay). Therefore, it is recommended that the remediation levels for the metals and
metalloids be reduced in the case of coarse-textured (greater than 70% sand) mineral soils (less
than 17% organic matter). This recommendation is reflected in the remediation levels shown in

Tables 5.1 and 5.2.

The rationales for individual parameters are summarized in the following sections
(RATIONAL FOR As, B, Cr, co, Cu, Mo, Ni, Ag, Zin, SAR, Sb, Ba, Be, V; NOT INCLUDED
IN THIS APPENDIX).
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SUMMARY OF MADEP CARBON RANGE AND TOTAL PETROLEUM
HYDROCARBON TOXICITY AND PHYSIO-CHEMICAL SURROGATES

Organic Carbon Henry's Law
Human Aquatic Life Coefficient Constant
Toxicity Protection (Koc) (H)
CARBON RANGE Surrogate Surrogate (cm™g) (alm-m™7mol)
JAliphatics
C5t0 C8 n-hexane n-hexane 2.27E+03 1.29E+00
C9to C12 10 x n-hexane decane 1.50E+05 1.56E+00
C9to C18 10 x n-hexane decane 6.80E+05 1.66E+00
C19to C36 100 x n-hexane| cyclododecane - -
JAromatics
C9 to C10 xylenes ethylbenzene 1.78E+03 7.92E-03
naphthalene
C11 to C22 /pyrene PAHs 5.00E+03 7.20E-04
naphthalene/
**Total Petroleum Hydrocarbon (TPH) pyrene PAHs 5.00E+03 7.20E-04

* MADEP referred to both naphthalene & pyrene for the C11 to C22 range RfD in their original documents. Both have an

Oral RfD of 0.03 mg/kg-d and inhalation RFC of 0.071 mg/m* {0.02 mg/kg-d) in MADEP guidance.
**TPH conservatively assumed to be 100% C11 to C22 aromatic compounds (major component of diesel#2, #3-#6 fuel oil, JP-4).
Reference:

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Public Hearing Draft: Massachusetts
Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, January 17, 1997.
MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Redline/Strikeout Version: Massachusetts
Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, October 31, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000, Massachusetts Department of Environmental
Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, November 7, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1999, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Spreadsheet Detailing VPH/EPH Standards
Derivation: Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and
Standards, May 25, 1999, www.magnet.state.ma.us/dep/bwsc/vph_eph.html
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Summary of Massachusetts DEP Carbon Range/TPH Risk-Based Screening Levels (RBSLs)

(mg/kg)
*RESIDENTIAL SURFACE SOIL (S-1) - Drinking Water Resource Threatened (GW-1)
Final Upper
S-1/GW-1 Direct Nuisance Concentration

Carbon Range RBSL Exposure Leaching Ceiling Level
Aliphatics C5to C8 100 730 3400 100 5000

C9to C12 1000 15000 140000 1000 20000

C9to C18 1000 15000 490000 1000 20000

C19 to C36 2500 230000 - 2500 20000
Aromatics C9to C10 100 810 69 100 5000

C11 to C22 200 810 170 1000 10000
[TPH-general - 200 800 200 1000 10000
*See Massachusetts DEP MCP for full description S-1, S-2 and S-3 soils.
RESIDENTIAL SURFACE SOIL (S-1) - Groundwater Discharge to Surface Water (GW-3)

Final Upper
S-1/GW-3 Direct Nuisance Concentration

Carbon Range RBSL Exposure Leaching Ceiling Level
Aliphatics C5to C8 100 730 34000 100 5000

C9 to C12 1000 15000 690000 1000 20000

C9to C18 1000 15000 2500000 1000 20000

C19to C36 2500 230000 - 2500 20000
Aromatics C9to C10 100 810 1400 100 5000

C11 to C22 800 810 25000 1000 10000
[TPH-general - 800 800 25000 1000 10000
References:

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Public Hearing Draft: Massachusetts Department of

Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, January 17, 1997.

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Redline/Strikeout Version: Massachusetts Department of
Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, October 31, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000, Massachusetts Department of Environmental Protection,
Bureau of Waste Site Cleanup and Office of Research and Standards, November 7, 1997, www.magnet.state.ma.us/dep/bwsc/vph_eph.htm|

MADEP, 1999, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Spreadsheet Detailing VPH/EPH Standards Derivation:
Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, May 25, 1999,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html
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Summary of Massachusetts DEP Carbon Range/TPH Risk-Based Screening Levels (RBSLs)

(mg/kg)
*OCCUPATIONAL SURFACE SOIL (S-2) - Drinking Water Resource Threatened (GW-1)
Final Upper
S-1/GW-1 Direct Nuisance Concentration

Carbon Range RBSL Exposure Leaching Ceiling Level
Aliphatics C5to C8 500 1500 3400 500 5000

C9 to C12 2500 36000 140000 2500 20000

C9to C18 2500 36000 490000 2500 20000

C19to C36 5000 670000 - 5000 20000
Aromatics C9to C10 100 2000 69 500 5000

C11 to C22 200 2000 170 2500 10000
[TPH-general - 200 2000 200 2500 10000
*See Massachusetts DEP MCP for full description S-1, $-2 and S-3 soils.
OCCUPATIONAL SURFACE SOIL (S-2) - Groundwater Discharge to Surface Water (GW-3)

Final Upper
S-1/GW-3 Direct Nuisance Concentration

Carbon Range RBSL Exposure Leaching Ceiling Level
Aliphatics C5to C8 500 1500 34000 500 5000

C9to C12 2500 36000 690000 2500 20000

C9to C18 2500 36000 2500000 2500 20000

C19to C36 5000 670000 - 5000 20000
Aromatics C9to C10 500 2000 1400 500 5000

C11 to C22 2000 2000 25000 2500 10000
|TP¢general - 2000 2000 25000 2500 10000
References:

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Public Hearing Draft: Massachusetts Department of

Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, January 17, 1997,

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Redline/Strikeout Version: Massachusetts Department of
Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, October 31, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000, Massachusetts Department of Environmental Protection,
Bureau of Waste Site Cleanup and Office of Research and Standards, November 7, 1997, www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1999, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Spreadsheet Detailing VPH/EPH Standards Derivation:

Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, May 25, 1999,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html
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Summary of Massachusetts DEP Carbon Range/TPH Risk-Based Screening Levels (RBSLs)

(mg/kg)
*ISOLATED SUBSURFACE SOIL (8-3) - Drinking Water Resource Threatened (GW-1)
Final Upper
S$-1/GW-1 Direct Nuisance Concentration

Carbon Range RBSL Exposure Leaching Ceiling Level
Aliphatics C5to C8 500 7100 3400 500 5000

C9to C12 5000 170000 140000 5000 20000

C9to C18 5000 170000 490000 5000 20000

C19 to C36 5000 3100000 - 5000 20000
Aromatics C9to C10 100 9300 69 500 5000

C11 to C22 200 9300 170 5000 10000
I'-I'F’H-general - 200 9300 200 5000 10000
*See Massachusetts DEP MCP for full description S-1, S-2 and S-3 soils.
ISOLATED SUBSURFACE SOIL (S-3) - Groundwater Discharge to Surface Water (GW-3)

Final Upper
S-1/GW-3 Direct Nuisance Concentration

Carbon Range RBSL Exposure Leaching Ceiling Level
Aliphatics _ Cbto C8 500 7100 34000 500 5000

C9to C12 5000 170000 690000 5000 20000

C9 to C18 5000 170000 2500000 5000 20000

C19to C36 5000 3100000 - 5000 20000
Aromatics C9 to C10 500 9300 1400 500 5000

C11 to C22 5000 9300 25000 5000 10000
[TPH-general - 5000 9300 25000 5000 10000
References:

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Public Hearing Draft: Massachusetts Department of

Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, January 17, 1997.

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Redline/Strikeout Version: Massachusetts Department of
Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, October 31, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000, Massachusetts Department of Environmental Protection,
Bureau of Waste Site Cleanup and Office of Research and Standards, November 7, 1997, www.magnet.state.ma.us/dep/bwsc/vph_eph.htmi

MADEP, 1999, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Spreadsheet Detailing VPH/EPH Standards Derivation:
Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, May 25, 1999,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html
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Summary of Massachusetts DEP Carbon Range/TPH Risk-Based Screening Levels (RBSLs)

(uglL)
*GROUNDWATER - Drinking Water (GW-1)
Final Upper
GW-1 Human Nuisance Concentration
Carbon Range RBSL Consumption Ceiling Level
Aliphatics — C5toC8 400 420 5000 100000
C9to C12 4000 4200 5000 100000
C9 to C18 4000 4200 5000 100000
C19to C36 5000 42000 5000 100000
Aromatics C9to C10 200 230 5000 100000
C11 to C22 200 230 5000 100000
TPH-general - 200 230 5000 100000

*See Massachusetts DEP MCP for full description GW-1, GW-2 and GW-3 groundwater.

*GROUNDWATER - Discharge to Surface Water (GW-3)

T
Final Upper
GW-3 *Aquatic Life Nuisance Concentration
Carbon Range RBSL Protection Ceiling Level
Aliphatics C5to C8 4000 3900 50000 100000
C9to C12 20000 18000 50000 100000
C9to C18 20000 18000 50000 100000
C19 to C36 20000 21000 50000 100000
Aromatics C9to C10 4000 4300 50000 100000
C11 to C22 30000 30000 50000 100000
ITPH-general - 20000 20000 50000 100000

* Aquatic Life Protection = aquatic life criteria x assumed ten-fold diuition factor.

References:

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Public Hearing Draft: Massachusetts Department
of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, January 17, 1997.

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Redline/Strikeout Version: Massachusetts
Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, October 31, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1997, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000, Massachusetts Department of Environmental
Protection, Bureau of Waste Site Cleanup and Office of Research and Standards, November 7, 1997,
www.magnet.state.ma.us/dep/bwsc/vph_eph.html

MADEP, 1999, Revisions to the Massachusetts Contingency Plan, 310 CMR 40.000 - Spreadsheet Detailing VPH/EPH Standards
Derivation: Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup and Office of Research and
Standards, May 25, 1999, www.magnet.state.ma.us/dep/bwsc/vph_eph.html
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Screening For Environmental Concerns At Sites
With Contaminated Soil and Groundwater (July 2003)

Updates to: December 2001 Application of Risk-Based Screening Levels and Decision
Making to Sites With Impacted Soil and Groundwater

Date: 6/19/02
Section: Volume 1, Tables A, B, C and D; Volume 2, Tables A, B, C, D and K series.
Update: Direct Exposure soil screening levels presented for cyanide revised:

Date: 2/1/02
Section: Volume 1, Section 3.3.3 Laboratory-Based Soil Leaching Tests
Update: Page 3-7, text revised."

Date: 02/01/02
Section: Volume 2, Appendix 1, Table E-series
Update: Addition of Indoor-Air Impact screening levels for MEK and MIK

Date: 02/01/02

Section: Volume 1, Table D; Volume 2, Appendix 1, Table D-1

Update: Final RBSL for Bromomethane, Subsurface Soils, Residential Exposure
Scenario corrected.

Date: 02/11/02

Section: Volume 2, Appendix 1, Table E-series

Update: Correction of Indoor-Air Impact screening levels for chloroethane and
chloromethane

Date: July 2003
Summary of Additional Updates To December 2001 Document

General: Document revised to reflect comments received during peer review by University
of Califomia in January 2003

Volume 1:

General: "Risk-Based Screening Levels" terminology changed to "Environmental
Screening Levels” to better convey the scope of the screening levels and clarify that some
screening levels are not "risk-based" in a strict toxicological sense of this term.

General: "Surface Soils" and "Subsurface Soils" terminology revised to "Shallow Soils"
and "Deep Soils".

General: Toxaphene and tert Buytl Alcohol added to tables.

Table E: Screening levels for soil gas and indoor air added.

Table F: Screening levels for surface water added

Volume 2 - Appendix 1
Chapters 2 and 3: "Fine-grained soils" and "Coarse-grained soils" terminology revised to
"Low-permeability soils" and "High-permeability soils".
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SF Bay RWQCB



Chapters 2 and 3: Models and screening levels for indoor-air impact concerns revised.
Refer to of Appendix 1. Among other issues, screening levels for shallow soil gas and
indoor air added, low-permeability and high-permeability vadose-zone soil models revised.
Chapter 2: Selection of aquatic habitat goals clarified.

Chapter 3, Table K-2: Soil direct exposure model for commercial/industrial land use
revised to reflect soil ingestion rate of 100 mg/day.

Table A-D series: Background level of arsenic and total chromium substituted for direct-
exposure screening level

Table E series: Screening levels for soil and groundwater revised; screening levels for soil
gas and indoor air added.

Table F-2a, F-2b, F-2c: Screening levels for surface water added

Table F-6: USEPA Region IX Preliminary Remediation Goals for tapwater added

Table J. Toxicity Factors Updated (see highlights in electronic version of table)

Volume 2 - Appendix 3
Sensitivity analysis of Johnson & Ettinger model added
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Q California Regional Water Quality Control Board

San Francisco Bay Regional Water Quality Control Board

Gray avis

Winston H. Hickox Internet Address: http://www.swrcb.ca.gov
Secretary for 1515 Clay Street, Suite 1400, Oakland, California 94612 Governor
Environmental Phone (510) 622-2300 &~ FAX (510) 622-2460
Protection
TO: Interested Parties
FROM: Roger Brewer
Toxics Cleanup Division
DATE: September 4, 2003

SUBJECT: Screening For Environmental Concerns at Sites With Contaminated Soil and Groundwater
(July 2003) - Updates and Corrections.

Following is a summary of revisions and updates to the July 2003 document Screening For Environmental
Concerns at Sites With Contaminated Soil and Groundwater as of the above-noted date. These updates
have been incorporated into the tables of the ESL document currently posted to the ESL web page at
www.swreb.ca.gov/rwgeb2/esl.htm.

This notice will updated and posted as needed. If you find an apparent error in the tables please notify
Roger Brewer at rdb@rb2.swrcb.ca.gov.

ESL Updates (Most Recent Updates: September 4, 2003):

Date: 9/4/03

Section: Volume 1, Tables A, B, C and D; Volume 2, Tables A, B, C, D series and Table G.

Update: Leaching based soil screening levels for perchlorate added to Table G and affected tables updated.
A different model was used to develop the leaching based soil screening levels for perchlorate and the
results were inadvertently left out of the Table G spreadsheet. The correct screening levels are, however,
discussed in Section 3.4 of Appendix 1 (page 3-9). Laboratory-based soil leaching tests are recommended
for site-specific evaluation of leaching concerns (e.g., SPLP test, adjusted to remove laboratory method
dilution effects). Refer to Section 3.3.3 of Volume 1.

Yolume 1:
Table A

Residential Commercial/Industrial
Chemical (mg/kg) (mg/kg)
Perchlorate 0.007 0.007
Table B

Residential Commercial/Industrial
Chemical (mg/kg) (mg/kg)
Perchlorate 1.2 1.2
Table C

Residential Commercial/Industrial
Chemical (mg/kg) (mg/kg)
Perchlorate 0.007 0.007
Table D

Residential Commercial/Industrial
Chemical (mg/kg) (mg/kg)
Perchlorate 1.2 1.2




ESL Document Updates

Appendix 1:
Table A-1

Final ESL Soil Leaching
Chemical (mg/kg) (mg/ke)
Perchlorate 0.007 0.007
Table A-2

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Perchlorate 0.007 0.007
Table B-1

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Perchlorate 1.2 1.2
Table B-2

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Perchlorate 1.2 1.2
Table C-1

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Perchlorate 0.007 0.007
Table C-2

Final ESL Soil Leaching
Chemical _(mg/kg) (mg/kg)
Perchlorate 0.007 0.007
Table D-1 -

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Perchlorate 1.2 1.2
Table D-2

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Perchlorate 1.2 1.2
Table G. Soil Screening Levels For Leaching Concerns

Drinking Water NON-Drinking Water
Resource Threatened Resource Threatened

Chemical (mg/kg) (mg/kg)
Perchlorate 0.007 1.2




ESL Document Updates

Date: 9/2/03

Section: Volume 1, Table E; Volume 2, Tables E-2 and E-3.

Update: Inhalation toxicity factors for carbon tetrachloride, 1,2 dibromo-3-dichloropropane and 1,1,22
Tetrachloroethane corrected. Indoor air screening levels (Table E-3) and correlative soil gas screening
levels (Table E-2) were corrected. Soil and groundwater screening levels for vapor emission concerns were

not affected.

Volume 1, Table E
INDOOR AIR SHALLOW SOIL GAS
Commercial/ Commercial/
Residential Industrial Residential Industrial
Land Use Land Use Land Use Land Use

CHEMICAL (ug/m’) (ug/m®) (ug/m®) (ug/m®)
CARBON
TETRACHLORIDE 5.8E-02 9.7E-02 5.8E+01 1.9E+02
1,2-DIBROMOQ-3-
CHLOROPROPANE 1.2E-03 2.0E-3 1.2E+00 4.1E+00
TETRACHLOROETHANE,
1,1,1,2- no change 7.0E-02 no change 1.4E+02

Volume 2, Table 2 - Shallow Soil Gas Screening Levels

Residential Exposure
Lowest Indoor Air Indoor Air
Residential Carcinogens | Noncarcinogens

CHEMICAL (ug/m’) (ug/m’) (ug/m’)
CARBON TETRACHLORIDE

5.8E+01 5.8E+01 5.2E+02
1,2-DIBROMO-3-
CHLOROPROPANE 1.2E+00 1.2E+00 4.2E+01
TETRACHLOROETHANE,
1,1,22- 4.2E+01 4.2E+01 4.4E+04

(bold - revised screening level)

Volume 2, Table E-2 - Shallow Soil Gas Screening Levels

Commercial/Industrial Exposure
Lowest Indoor Air Indoor Air
C/ Carcinogens | Noncarcinogens

CHEMICAL (ug/m’) (ug/m’) (ug/m’)
CARBON TETRACHLORIDE

1.9E+H02 1.9E+02 1.5E+03
1,2-DIBROMO-3-
CHLOROPROPANE 4.1EH00 4.1EH00 1.2E+02
TETRACHLOROETHANE,
1,1,2,2- 14E+H02 1.4E+02 1.2EH0S

(bold - revised screening level)



ESL Document Updates

Volume 2, Table E-3 - Indoor Air Screening Levels

Residential Exposure
Lowest Indoor Air Indoor Air
URF RFC Residential Carcinogens | Noncarcinogens

CHEMICAL (ug/lm’)' (ug/m’)* (ug/m®) (ug/m’) (ug/m’)
CARBON TETRACHLORIDE no

change | 2.5E+00 5.8E-02 5.8E-02 5.2E-01
1,2-DIBROMO-3- no
CHLOROPROPANE 2.0E-03 change 1.2E-03 1.2E-03 4.2E-02
TETRACHLOROETHANE, no
1,1,2,2- change | 2.1E+02 4.2E-02 4.2E-02 4.4E+01

(bold - revised screening level)

Volume 2, Table E-3 - Indoor Air Screening Levels

Commercial/Industrial Exposure
Lowest Indoor Air Indoor Air
URF RFC Cn Carcinogens Noncarcinegens

CHEMICAL (ug/'m’)' (ug/m’)?! (ug/m®) (ug/m®) (ug/m’)
CARBON TETRACHLORIDE no

change | 2.5E+00 9.7E-02 9.7E-02 7.3E-01
1,2-DIBROMO-3- no
CHLOROPROPANE 2.0E-03 change 2.0E-03 2.0E-03 5.8E-02
TETRACHLOROETHANE, no
1,1,2,2- change [ 2.1E+02 7.0E-02 7.0E-02 6.1E+01

(bold - revised screening level)

Date: 8/4/03

Section: Volume 1, Tables A, B, C and D; Volume 2, Tables A, B, C, D series and Table G.

Update: Leaching based soil screening levels for bis(2-ethylhexI)phthalate and pentachlorophenol corrected
in Appendix 1, Table G. Corrections also made to affected tables of Volume 1 and Appendix 1 of Volume

2 as noted below. Note that final ESLs in Volume 1 were not affected in all cases.

Yolume 1:

Table A

Residential Commercial/Industrial
Chemical (mg/kg) (mg/kg)
Bis(2-ethylhexl)phthalate 66 66
Pentachlorophenol 44 5.0
Table B

Residential Commercial/Industrial
Chemical (mg/ke) (mg/kg)
Bis(2-ethylhexl)phthalate 160 530
Pentachlorophenol 44 5.0
Table C

Residential Commercial/Industrial
Chemical (mg/ke) (mg/kg)
Bis(2-ethylhexl)phthalate 66 66
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| Pentachlorophenol 53 5.3 ]

Table D

Residential Commercial/Industrial
Chemical (mg/kg) (mg/kg)
Bis(2-ethylhexl)phthalate 530 530
Pentachlorophenol 42 42
Appendix 1:
Table A-1

Final ESL Soil Leaching
Chemical (mg/kg) (mg/ke)
Bis(2-ethylhex])phthalate 66 66
Pentachlorophenol 44 5.3
Table A-2

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Bis(2-ethylhexl)phthalate 66 66
Pentachlorophenol 5.0 53
Table B-1

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Bis(2-ethylhexl)phthalate 160 530
Pentachlorophenol 44 42
Table B-2

Final ESL Soil Leaching
Chemical (mg/kg) (mg/keg)
Bis(2-ethylhexl)phthalate 530 530
Pentachlorophenol 5.0 42
Table C-1

Final ESL Soil Leaching
Chemical (mg/kg) (mg/kg)
Bis(2-cthylhexl)phthalate 66 66
Pentachlorophenol 53 5.3
Table C-2

Final ESL Seil Leaching
Chemical (mg/kg) (mg/kg)
Bis(2-ethylhexl)phthalate 66 66
Pentachlorophenol 5.3 53
Table D-1

Final ESL Soil Leaching
Chemical _(mg/kg) (mg/kg)
Bis(2-ethylhexl}phthalate 530 530
Pentachlorophenol 42 42
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Table D-2
Final ESL Soil Leaching
Chemical __(mg/kg) (mg/kg)
Bis(2-ethylhexl)phthalate 530 530
Pentachlorophenol 42 42
Table G. Soil Screening Levels For Leaching Concerns
Drinking Water NON-Drinking Water

Resource Threatened Resource Threatened
Chemical _(mg/kg) (mg/kg)
Bis(2-ethylhex)phthalate 66 530
Pentachlorophenol 5.3 420




