2.0  POLLUTANT SOURCES AND LOADINGS IDENTIFIED IN THE SAN FRANCISCO BAY-DELTAPRIVATE 



2.1  Physical Boundaries





The following defines the physical boundaries of the area within which objectives have been set in the PPD.  A map has been provided for reference (See Figure 1).




2.1.1  Sacramento-San Joaquin Delta






The Delta, as defined in Water Code Section 12220, is a roughly  triangular area extending from Chipps Island near Pittsburg on the west to Sacramento on the north and to the Vernalis gaging station on the San Joaquin River in the south.  Also included within the Delta boundary are the Harvey 0. Banks Pumping Plant and the Tracy Pumping Plant, SWP and CVP facilities, respectively.  Water quality objectives are set at the pumping plants in the Delta for water exported for use in central and southern California.




2.1.2  San Francisco Bay






San Francisco Bay (Bay) is located at the mouth of the Sacramento-San Joaquin Delta, at the outlet for the Sacramento and San Joaquin rivers.  These rivers drain about forty percent of the state.  The Bay is composed of four primary embayments which are:  (1) The South Bay, stretching from the Oakland Bay Bridge on the north to Mountain View on the southern edge; (2) the Central Bay, the area between the Richmond-San Rafael Bay Bridge and the Oakland Bay Bridge; (3) the San Pablo Bay to the north, encompassing the area from the Richmond-San Rafael Bay Bridge on the south side to the Petaluma River on the north and the Carquinez Strait on the east; and (4) the area between the entrance to the Carquinez Strait and Chipps Island, encompassing the Carquinez Strait, Suisun Bay, Grizzly Bay and Honker Bay.  The definitions of the four primary embayments comprising the Bay, as used in this document, are the definitions commonly used in hydrodynamic literature (Denton and Hunt, 1986).  The definitions of the five embayments used in the San Francisco Bay Water Quality Control Plan are not based on hydrodynamic considerations but rather in a manner suited to group clusters of waste discharge locations.




2.1.3  Suisun Marsh






While the Suisun Marsh is part of San Francisco Bay, its boundaries are legally defined (Public Resources Code Section 29101 and 29101.5).  The Suisun Marsh is generally located in southern Solano County, south of the cities of Fairfield and Suisun City.  It is bordered on the south by Suisun Bay, Honker Bay, and the confluence of the Sacramento and San Joaquin rivers; on the east from Denverton along Shiloh Road to Collinsville.  


 2.2  Identification of Pollutant Sources and Loadings

 


The San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta Estuary) is affected by streamflow and effluent discharge carrying pollutants from a watershed which provides about 40 percent of California's surface water runoff (DWR,14,9).  The watershed includes  some of the most intensively cultivated land on earth, as well as substantial urban development, major industrial and chemical complexes, a variety of military facilities, and both active and abandoned mining areas.





Past attempts to deal with pollution have focused on the most obvious and treatable problems.  The major effort in recent years has been to control point source discharges of all wastewater; less effort has gone into control of nonpoint sources of pollution.  Basin Plans have been established that contain objectives for dissolved oxygen, suspended solids, trace metals and trace organics among others.  These Basin Plans, the enforcement efforts of the Regional Boards, and compliance by the dischargers have resulted in a significant improvement in the chemical and physical condition of San Francisco Bay (BADA,3,III-2).





Although overall chemical and physical conditions such as turbidity, nutrients, coliform organisms and chemical oxygen demand in the Bay -Delta have been improved, some pollutants still exist in the water column, sediments and tissue in concentrations which are cause for concern (CBE,1,2).  To address these and other concerns, the State Water Resources Control Board (State Board) contracted the Aquatic Habitat Institute (AHI) to prepare comprehensive reports on the sources and loadings, i.e., the total mass from all sources of various pollutants, in the Bay-Delta basin (AHI,302), and their possible biological effects (AHI,304).





Pollutants may enter the Estuary through flows and discharges from a number of sources.  Once in the Bay-Delta, a wide variety of processes may occur which redistribute, concentrate or dilute the pollutants.





This pollutant policy document not only identifies the quantities and sources of the significant pollutant loads, but also the most effective course of action to protect the state's water quality.  The PPD suggests the use of available regulations and takes into account the particular measures which may lead to the control of each element of the pollution problem.





Five sources of pollutants and their loadings will be discussed:  





o  2.2.1 -- Point sources





o  2.2.2 -- Urban runoff





o  2.2.3 -- Nonurban runoff





o  2.2.4 -- Riverine sources; and





o  2.2.5 -- Other sources.





The pollutants of concern are:  arsenic, cadmium, chromium, copper, hydrocarbons, lead, mercury, nickel, organochlorines, selenium, silver, tributyltin, and zinc.  For convenience, the "total hydrocarbons" is used to refer to an extensive and artificial group of compounds which includes oil and grease, mononuclear hydrocarbons (MAHs), polynuclear aromatic hydrocarbons (PAHs), and other hydrocarbon or organic compounds such as trihalomethane formation precursors (THMFPs).   





Likewise, "organochlorines" refers to chlorinated hydrocarbon pesticides and polychlorinated biphenyls (PCBs).  (EPA has requested monitoring information concerning dioxins in the effluent of several refineries in the Richmond-Pittsburg area.  There is also concern about dioxins from pulp mills near Antioch.)





The sources and loadings of these pollutants are summarized in Table 1.  A bar graph depicting summations of annual loadings of pollutants from the various sources is shown in Figure 2.  The years of record used as a basis for the PPD are January 1984 through December 1986. 

 


Annual pollutant loadings do not provide a total indication of pollutant impact.  Some pollutant sources, such as urban runoff, are highly variable with time.  Other sources, though relatively constant, may have different impacts based on the season of the year, i.e., they may have greater impacts when receiving water flows or flushing flows are low.  Variability in loadings and receiving water conditions should be kept in mind when reviewing the time-averaged estimates provided in this text.





Information presented in this chapter on sources and loadings were derived from exhibit numbers 301 and 302 presented by the Aquatic Habitat Institute.




2.2.1  Point Sources






Point sources refer to publicly owned treatment works (POTW's) and industrial dischargers.  Estimates of pollutant loadings from point sources are more accurate than other sources because they are recorded in self-monitoring reports and are derived from loading data averaged over three years.  These reports are required by permits issued under the National Pollutant Discharge Elimination System (NPDES) program.  Three year average loadings were also used to characterize the other sources of pollutants.






POTWs and industries have significantly reduced the discharge of toxic metals to the Bay-Delta over the past several decades.  Point sources contribute far less total loads (ranging from about 1 to 6 percent) to the Bay-Delta Estuary than non-point sources (Figure 2, urban runoff, nonurban runoff and riverine sources).  However, care should be taken when comparing AHI's calculated total loads between point and non-point sources.  For example, in Table 1 it is estimated that about 95 percent of the total pollutant load in urban runoff is comprised mainly of oil and grease, while about 5 percent is comprised of trace metals, PAHs, and organochlorines.  In comparison, Table 1 shows that trace metals comprise nearly 100 percent of point source loads.






However, pollutants other than trace metals are also discharged from point sources.  Examples include volatile and semi-volatile organics, hydrocarbons and other synthetic organic chemicals.  






Their load estimates were not presented by the AHI because available concentration data do not provide a sound basis for the calculations.  If these data were to be used in loading calculations, it is estimated that the relative contribution for point sources would be significantly larger.






The toxicity or potential for adverse effects from the same constituent may also differ between point and non-point sources.  For example, some parties to the hearings believe that trace metals from point sources usually enter the receiving water in dissolved form.  The bioavailability potential to aquatic organisms may in this way be increased.  Trace metals from nonpoint sources are usually adsorbed to soil or other inorganic particles and may therefore not be as immediately available.  Absorbed nonpoint trace metals continue, however, to pose a significant problem because they accumulate and can redissolve and re-enter the water column in the dissolved form.  






As shown in Table 1, point sources contribute significant amounts (greater than 10 percent) of cadmium, mercury, nickel, silver and selenium when compared to all other sources.  POTWs are the major contributor to the total point source loading of copper, lead, zinc and arsenic.  The eight largest POTWs contributed most of the flow (about 70 percent) and point source loading in the Estuary.  Of those, five treatment plants are located in the South Bay.  As a result, during the dry season effluent from treatment plants contribute the greatest volume of freshwater into the South Bay.  The eight largest plants and the average discharge flow rates (1,000 gallons per day) of their effluent are listed in Table 2.






Industrial dischargers contribute on the average about 15 percent of the total point source loads of the metals listed in Table 1.  Notable exceptions to this are chromium and selenium where about 1/3 of the total chromium load to the Bay-Delta was released by one discharger during the period 1984-1986.  Selenium loadings from petroleum refineries are comparable to combined loads from the San Joaquin and Sacramento Rivers.  Industrial dischargers also release organic and inorganic chemicals in the manufacturing process.

    2.2.2  Urban Runoff






Urban runoff refers to the flow of pollutants into the Bay-Delta due to runoff from urban areas.  Like point sources, which are already under the NPDES permit program, urban runoff will soon be placed under that program.  Urban stormwaters contain toxic pollutants such as trace metals, and synthetic organic chemicals.  Much of this pollution is due to man's activities:  accidental spills, deliberate dumping, emissions from automobiles (including oil drippings) and tire wear.  Pollutants from this source, typically as a result of first storm events, are discharged over very brief periods of time at high concentrations and with little dilution into nearshore waters.  






Estimates for pollutant loads from urban runoff are far less accurate than point source estimates.  Accurate urban runoff loads depend on reliable contaminant concentrations and flow volumes  from urban areas.  Available data of this type for the Bay-Delta basin is scarce and of poor quality.  Therefore, data from studies conducted elsewhere have been used to estimate the pollutant loads to the Bay-Delta Estuary.  The method used by the AHI for estimating the loading of pollutants from urban runoff is found in AHI Exhibit No. 302.

                                       
TABLE 2--THE EIGHT LARGEST POTWs IN THE BAY-DELTA REGION,

                                       
AND AVERAGE FLOWS -- 1984-1986

                                       
 (From Aquatic Habitat Institute Exhibit No. 302)










Segment of Estuary   
   Flow -- 1,000









Receiving Effluent         Gallons Per Day
Sacramento Regional

Sacramento River

134,214

Central Contra Costa

Suisun Bay


 38,573

Sanitary District (CCCSD)

East Bay Municipal


South Bay


 86,922

Utility District (EBMUD)

San Francisco:  Southeast
South Bay


 73,712

Water Pollution Control

Plant (SWPCP)

Union Sanitary District

South Bay


 21,400

(USD)

South Bayside System

South Bay


 21,400

Authority (SBSA)

Palo Alto Sub-regional

South Bay


 27,477

Water Quality Control Plant

San Jose-Santa Clara

South Bay


117,569

Water Pollution Control Plant






As shown in Figure 2, it is estimated that urban runoff may contribute the greatest pollutant loads to the Bay-Delta Estuary, ranging from a maximum of 11,628 tonnes to a minimum of 1,221 tonnes of pollutants (also see Table 1).  The large difference between the maximum and minimum values shows the uncertainty of estimates that are made with a lack of reliable data.  As estimated, the majority (about 95 percent) of the pollutant load from urban runoff consists of a category called "Total  Hydrocarbons".  This category includes a variety of toxic (PCBs) and non-toxic (oil and grease) compounds.  As shown in Table 1, it is estimated that urban runoff still contributes significant loads of toxic pollutants to the Bay-Delta.  These pollutants include polynuclear aromatic hydrocarbons, lead, cadmium, copper, zinc and polychlorinated biphenyls.

    2.2.3  Nonurban Runoff






Nonurban runoff refers to runoff from agricultural lands, pasturelands and forests within the Bay-Delta.  Toxic pollutants from this source are usually derived from soil erosion, leaching of trace elements and the introduction of synthetic compounds such as pesticides.






Nonurban runoff and other nonpoint sources have not received the degree of regulatory control required for point sources.  However, some control measures for these activities have been required; they include regulatory measures for silviculture activities, subsurface agricultural drainage and for control of rice herbicides.






Estimating loads from nonurban regions is a very complex procedure that is dependent upon a number of variables requiring accurate data.  Accordingly, only one estimate of the loading of toxic substances into the Bay-Delta has been made to date.  This study was conducted by the National Oceanographic and Atmospheric Administration (NOAA,1987 a) as part of the National Coastal Pollutant Discharge Inventory, an assessment of the loading of pollutants into estuaries and coastal ocean waters from different sources.






An explanation and critique of this study (AHI,302) points out that, because of the significant uncertainties associated with the estimates made in the study, the loading results should be considered to be of the most preliminary nature.  Also, a number of toxic organic chemicals applied to non-urban lands within the Bay -Delta were not considered by NOAA.






The estimates of NOAA shown in Table 1 indicate that nonurban runoff could be a significant source of toxic substances to the Bay -Delta Estuary.  The bar graph in Figure 2 shows nonurban runoff as the second largest loading source to the Estuary after urban runoff.






It is estimated that nonurban runoff contributes significant loadings of arsenic, chromium, copper, lead, cadmium and mercury to the Estuary.  However, it should once again be emphasized that significant uncertainty is associated with these estimates.  The data are preliminary and only indicate the need for additional research into this potentially important loading source.




2.2.4  Riverine Sources






Riverine sources of pollutant loads refer to pollutant inputs into the major rivers flowing to the Bay-Delta from all point and nonpoint sources outside the geographical boundary of the Bay-Delta Estuary.  Pollutant concentrations are obtained at sampling sites located at Bay-Delta boundary points on these rivers.  The sampling stations are at Freeport on the Sacramento River, Woodbridge on the Mokelumne River and Vernalis on the San Joaquin River.  Water quality data on the rivers are collected by the Department of Water Resources, U.S. Geological Survey, and the U.S. Bureau of Reclamation.






Riverine mass loading estimates are calculated based on water quality and flow data for each major river.  These rivers contribute large volumes of water compared to point source and nonpoint source discharges.  Therefore, although a pollutant may make up a small fraction of an entire river flow, it may constitute a major component of the total loading to the Bay-Delta.  Accurate measurements of very low concentrations of riverine pollutants is needed to reliably compare the loads from riverine sources with those from more concentrated, more readily quantified point discharges.  Given the difficulty of accurately determining the concentration in river inflow, and given the relatively few and limited sampling programs, it is emphasized that the estimation of riverine loads is highly uncertain.






As shown in Figure 2, riverine sources are a major contributor of pollutant loads to the Bay-Delta Estuary.  When compared to other major sources, the rivers contribute the greatest loads of cadmium, copper, mercury, nickel, selenium and silver.  They also contribute significant loads of arsenic, chromium and zinc.  The Sacramento River generally contributes larger trace element metal loads than the San Joaquin River, but, because of its large flows
, in dilute amounts that are difficult to assess.






Sampling programs on the San Joaquin, Sacramento and Mokelumne rivers have not addressed hydrocarbons.  Because sampling programs were not designed or timed to intercept peak pulse flows when hydrocarbons are likely to be mobilized, accurate estimates would probably not have been possible even if the data had been collected.  A flow-weighted sampling system would be needed to address the sources and volumes of hydrocarbons entering the Bay from riverine flow.  Studies of pesticide and organochlorine contamination in the Sacramento and San Joaquin rivers have been carried out by DWR and the "Municipal Water Quality Investigation Program", formerly called the Delta Health Aspects Monitoring Program, as required by the 1978 Delta Plan.  Compounds detected include the rice herbicides, bentazon, atrazine, molinate and thiobencarb, the latter two having been found in the Sacramento River during the spring when flooded rice fields treated with these materials are drained.






The San Joaquin River, comprised for the most part of irrigation return flows during the summer growing season, drains an agricultural area on which as much as 23 million kilograms of pesticides are applied annually.  Measurable amounts of some of these pesticides are washed into the River.  Consistently detected are 2,4-D, atrazine, simazine, dacthal and diazinon.  Concentrations and loads are difficult to estimate based on current data because of the inability of laboratories to detect these chemicals accurately.  Improved analytical techniques and sampling procedures, along with increased attention to the effects of pulse flows are needed to evaluate properly the release of toxic contaminants from riverine inflow to the Bay-Delta Estuary.

    2.2.5 Other Sources (Atmospheric Deposition, Spills and Dredging)





2.2.5.1  Atmospheric Deposition








Toxic substances may be transported to the Bay-Delta as dust or aerosols and enter the Bay via diffusion and gravitational settling.  Because the local database is very poor, loading estimates for atmospheric deposition were made using information from the Great Lakes Region where extensive studies have been previously conducted.  To minimize double- counting of pollutants from the other nonpoint sources, estimates for pollutant loading from atmospheric sources were computed for the Bay surface area only.








Based on the loading estimates, it is believed that atmospheric deposition is a relatively small source of toxic pollutants to the Bay-Delta, with the possible exception of PAHs and PCBs.  As shown in Table 1, it is estimated that atmospheric deposition contributes anywhere from 0.8 to 4.8 tonnes per year of PAHs and 0.12 to 0.75 tonnes per year of PCBs.  PAH input is on the same order of magnitude as input from urban runoff.





2.2.5.2  Spills








The source of data on spills in the Bay-Delta Estuary is the United States Coast Guard.  All spills in the Bay-Delta are reported to the Coast Guard and are included in their national database.  Coast Guard records on spills and potential spills indicate that inorganic chemicals, crude oil, refined petroleum products, animal and plant oils and other organic liquids have entered the Bay-Delta.  Petroleum hydrocarbons are the largest component of these spills.








As shown in Figure 2, it is estimated that spills contribute relatively minor loads of toxic pollutants to the Bay-Delta.  The majority of these loads are in the form of hydrocarbons.  As shown in Table 1, it is estimated that spills may contribute anywhere from 72 to 110 tonnes per year of hydrocarbons to the Bay-Delta Estuary.  This is orders of magnitude below the contributions estimated for urban runoff.





2.2.5.3  Dredging








Dredging the channels to improve navigation in the Bay-Delta Estuary moves five to ten million cubic meters of sediment annually.  In San Francisco Bay, dredge sediment is disposed of by dumping at one of three open-water disposal sites.








Toxic substances which may be in the sediments dredged are largely dispersed and may become available to biota.  During dredging and sediment disposal, water turbidity at the disposal site may increase, bottom organisms may be smothered by the sediment pile, or dissolved oxygen may be chemically removed.  As shown in Table 1, materials which may be made available during dredging and sediment disposal are arsenic,








cadmium, chromium, copper, hydrocarbons (particularly PAHs),lead, mercury, nickel, organochlorines (particularly DDT metabolites and PCBs) selenium, silver, and zinc.  In dredging of harbors and marinas for maintenance, it is likely that tributyltin would also be liberated or redistributed.








As with the other loading sources, no reliable data exist upon which to base accurate estimates for the release of contaminants from dredging activities.  However, it is certain that dredging activities remobilize pollutants bound in the sediments.  Estimates of this remobilization indicate that the proportion of pollutants remobilized is relatively minor compared to the total amounts in dredged materials, when based on the assumption that remobilization rates range from 1 to 10  percent of the total contaminants in dredge sediments.  As shown in Figure 2, it is estimated that dredging activities contribute from 12 to 123 tonnes of pollutants per year.  As previously mentioned, the wide range between the minimum and maximum values is a reflection of the uncertainty associated with the estimates.

    �


 The Sacramento River contributes 70 percent, the San Joaquin River


    contributes 15 percent of total inflow to the Bay.
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