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Abstract

The current approach for evauating the potentid public hedth and environmenta impacts of
chemicd condituentsin surface soils at Superfund Sites and other areas where hazardous chemicas are
present in the surface soilstypicaly fals to consder the potentia for condituents in the surface soilsto be
transported in stormwater runoff to nearby watercourses, where the congtituents can bioaccumulate to
excessive levds in edible aguatic organism tissue. The critica concentrations of many bioaccumulatable
chemicds suchas mercury, chlorinated hydrocarbon pesticides, PCBs, and dioxins, inwatersare normaly
sgnificantly less than the critical concentrations that are a direct threat to humans through ingestion,
inhdation, and/or dermal contact withthe contaminated soil. If it isnot possible to measure concentrations
of condituents in stormwater runoff and in the ambient waters for the runoff at potentialy significant
concentrations withrespect to their possible excessve bioaccumulation in aqutic lifetissue, it isnecessary
to conduct analyses of stormwater runoff receiving water organismtissue concentrations to assess whether
the Superfund site, aswell as dl other sources, are potentidly contributing to awater quality useimparment
due to bicaccumulatiable chemicas. Through forensic studies utilizing laboratory and field uptake
experiments, it is possible to determine whether a contaminated soil is contributing hazardous chemicdsin
sormwaeter runoff thet is leading to awater quality use impairment of the receiving waters due to excessve
bioaccumulation.

I ntroduction

Recently, Weiss Associates, on behalf of the Department of Energy (DOE), has presented
information concluding that the chemical congtituents in the surface soils of the western dog pens at the
Univergty of Cdifornia, Davis (UCD) DOE LEHR nationa Superfund Site are present at concentrations
that do not represent hazards to public hedth and/or the environment. However, a critica review of the
methodology used to develop this conclusion shows that it isfundamentdly flawed for several condtituents
that tend to bicaccumulate in agquic life to excessve levels, causing hedth threats to those who use the
aguatic lifeasfood. Thisisageneric problem that occursat many Superfund and hazardous chemicad Stes.
The basic problem is that neither the US EPA nor the Cdifornia EPA Department of Toxic Substances
Control methodologies for assessng the public hedth and/or water qudity sgnificance of chemica
condtituents in surface soilsinclude the evauation of the potentia for biocaccumulation in receiving water
aqudic life. Thisroute of exposure can be one of the most important pathways for off-gte human, aguetic
life and wildlife exposure to excessive concentrations of hazardous chemicals.



Unrédiable Assessment of Potential Public Health and Environmental Impacts

While the gpproach used by Weissis a conventiond approach typicaly used at Superfund Sites,
of evauating exposure to humans through dermal contact with the contaminated soils, ingestion of these
s0ils, and inhadation of dust/vapors associated with the soils, this methodology ignores the
waterborne/airborne transport of potentially hazardous chemicals to nearby watercourses in ssormwater
runoff or dust transport that could lead to excessive bioaccumulationof these chemicds inagudtic lifetissue
causing the aguatic organiams to be a hedth threat to those who consume the organisms as food.
Bioaccumulation of hazardous chemicas has been recognized since the late 1960s as one of the most
important pathways by which low levels of potentidly hazardous chemicads such as chlorinated
hydrocarbon pesticides, PCBs, and mercury can cause hedth impactsin humans who use aquatic life as
food, aswell as higher trophic-level wildife such as fish-egting birds and animads. While ignored in the
LEHR steinvestigations by UCD/DOE and their contractors, it has beenwell-documented since the early
1970sthrough the National Academies of Science and Enginesring Blue Book (NAS/NAE 1973)of water
qudlity criteria, and subsequent water qudity criteria promulgated by the US EPA inthe Red Book (1977),
US EPA (1980) and in the Gold Book (1987), US EPA (1996) that concentrations of chemical
congtituents in sormwater runoff from contaminated surface soilswell below those that are considered a
direct threat to public hedthand wildife through dermal contact, ingestion, or inhaation can bicaccumulate
in stormwater runoff receiving water aguatic life to sufficient concentrations to be sgnificant threats to
humans and wildlife that use the agquetic life as food.

Inadequate Screening Criteria for Assessing Public Health Hazards

The Weiss Associates DOE approach of comparing soil concentrations found inthe westerndog
pens, based on a limited number of samples from the area, to nearby surface soils “background”
concentrations, aswell asthe RBAS (Risk Based Action Standard) and the US EPA PRGs (Preliminary
Remediation Goals) ignores severd fundamenta tenets of gppropriate public hedth and environmenta
protection for those condtituents in the surface soils of the Site being investigated, such asthe LEHR site,
which represent athreet to public hedth and the environment through the bioaccumulation route. To use
nearby Ste soils as a measure of background, when the whole area may have been contaminated by
previous Ste activitiesor surface soil congtituents derived fromother activities, isingppropriate. Thepublic
hedlth and environmentd threat issue should not be redtricted to considering whether the chemica
condtituentsin the surface soilsin alimited areaare no grester a threat than the congtituents in the nearby
(background-reference area) surface soils. The evaluation should be based on whether the condtituents
in the soils at the dte are a threat, independent of ther origin, such as through previous Ste waste
management activities or generdized contamination of the area in which the site and the “background”
samples where collected.

There could be Stuations wherean areathat was at one time used as anorchard and sprayed with
lead arsenate pesticide has beenfound to have lead and arsenic concentrations in the surface soils, so that
the region of the Superfund Site and the nearby background-reference areas all contain hazardous levels



of lead and/or arsenic. A mechanica comparison of the type that Weiss Associates performed for the
western dog pens, where concentrations of severa condtituents, including mercury, in the surface soils of
the western dog pens were not found to be Sgnificantly different fromnearby “background” surface soils,
should not be interpreted to mean that the mercury inthe surface soils isnot athreat to public healthand/or
the environment. Rather thanusing acomparative assessment to areference area, an absolute assessment
of the public healthand environmental threat must be performed as part of aproper eva uation of the public
hedlth and environmentd threat that congtituents in surface soils represent at Superfund and other Sites.

I nadequate Stormwater Runoff Monitoring Programs

One of the chronic problems that has persisted at the LEHR dite, as well as other Superfund sites,
where PRPs and ther contractors are adlowed by regulatory agencies to assess the potentid threats of
chemica condtituents in the stormwater runoff from the Ste, is tha this assessment does not include
measurement of the congtituents of concern at potentialy critica levels. The measurements of condtituents
that are of concern because of the potential to bioaccumulate to excessve levds in recaiving water fish,
suchasthe chlorinated hydrocarbonpesticides, PCBsand mercury, must be done withsufficiently sengtive
andytica procedures to assess whether the excessive bioaccumulation of these congtituents could occur
in the sormwater runoff receiving water aguetic life.

The US EPA, as part of promulgating the 1987 Gold Book of water quadlity criteria, continued the
approach that had been adopted in the mid-1970s of developing, in accord with Clean Water Act
implementation requirements set forth by Congress, worst-case-based water qudlity criteria that are
designed to protect public healthand the environment fromthe potentiad hazards that chemical congtituents
represent. Thecritical bioaccumulation concentrations of many of the chlorinated hydrocarbon pesticides,
PCBsor mercury are wel below the typica detectionlimitsthat are used in Superfund and other hazardous
chemicd dteinvestigaions. For example, inthe Universty of Cdifornia, Davis Dames and Moore (UCD
1998) water monitoring report, the statement is made that mercury and chlordane do not represent public
hedlthor environmentd threets in sormwater runoff from the LEHR site, in which andytica methodswith
detectionlimitsfor mercury 0.1 - g/L wereused, and for chlordane 0.05 : g/L wereused. Thisconclusion
is obvioudy inappropriate, snce the US EPA (1987) Gold Book worst-case-based criterion for
biocaccumulation of mercury is 12 ng/L, and it is projected to be decreased to 5ng/L in the near future. A
amilar stuation exigts for chlordane, where the US EPA Gold Book criterion is 0.0043 - g/L.

This means that the approachthat has been used repeatedly by UCD/DOE and their contractors,
and that has been dlowed by the regulatory agencies, of reporting that congtituentsinthe stormwater runoff
from the LEHR site do not represent a public hedlth or environmenta threat because they are present at
less than detection limits for the andytical methods used, is obvioudy flawed. This approach does not
incorporate well-established worst-case-based CleanWater Act required assessmentsof public hedthand
environmentd threets of chemica condtituents in aguatic sysems.



The DOE/Weiss Associates eva uation of the lack of threat to public health and the environment
caused by chemica congtituentsinthe surface soils of the LEHR Superfund sitewesterndog pens reved ed
that heptachlor epoxide was present in these soils at concentrations of potential concern for direct human
hedlth contact. Heptachlor epoxide is one of the chlorinated hydrocarbon pesticides that tends to
bicaccumulate in fish to excessive levels. The DOE/Weiss Associates public hedth and environmenta
evauation of the heptachlor epoxide, like the evaluation for mercury and chlordane, is unrdigble snceit
does nat include the potentid for this chlorinated hydrocarbon pesticide to bioaccumulate in Putah Creek
fish.

Asdiscussed by Lee and Jones-Lee (1996, 1998), the reliable approachfor ng whether a
condtituent, such as the chlorinated hydrocarbon pesticides, PCBs and mercury present in stormwater
runoff and/or ambient waters at concentrations less than the detectionlimit for the anaytica methods used
is to measure the concentrations of these congtituents within edible agquetic life to determine whether the
tissue concentrations exceed current public hedth or wildife guiddine vaues for certain rates of
consumption of the aquatic life as food. It isimportant in making the assessment of hazardous levels of
condtituents, suchas mercury infish, to use appropriate loca fishconsumptionrates, rather thanthe nationa
average fish consumption rate of one med of fish per month (6.5 grams per day). That leve of
consumption isfar lower thanwhat is often experienced by some populations of people who rely on local
fish as an important congtituent in their diet.

It is dso important to consder that for certain congtituents, certain types of fish tend to
bioaccumulate more than others. In the case of mercury, the higher trophic-level gamefish tend to have
much higher tissue concentrations of mercury thansmdler fish. Further, for the chlorinated hydrocarbons,
the fish with the greater fat content tend to bioaccumulate higher concentrations than those with lower fat
levdswithinthetissue. The sampling for fish and other aguatic life must properly incorporate information
on the locd fish that are being consumed by the exposed populations.

Recently, two compilations of critica concentrations of chemica condituentsin aguatic life tissue,
as they may impact the aquatic life with the elevated residue tissue levels, have been published. One of
these isthe US COE/US EPA (1998) Environmental Residue-Effects Database (ERED), and the other
is developed by the US EPA (Jarvinen and Ankley, 1999). Therefore, in addition to consdering whether
there are excessve tissue residues as they may impact humans and wildife that use the aquatic life as food,
there is dso need to evduate whether the tissue resdues are potentidly harmful to aguatic life through a
critica review of the information available in these databases.

In addition to congdering the potentia impact of tissue resdues on humans who use loca
contaminated aguatic life asfood aswdl as damage to the host organismfor the tissue residue, thereisneed
to congder whether higher trophic leve birds and animas that use fish and other aquatic life asfood can
be exposed to excessve concentrations of hazardous chemicas. The USEPA (1993) as part of the Great
Lakes Initiative has developed awildlife based water quaity criterion for PCBs. This criterion consders
whole organismcontent, not just edible tissue, as wdl asthe fact that wildlife such as fish-egting birds and
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animds may consume greater amounts of fish than humans and thereby recelve a greater exposure to
hazardous chemicas. Fish-eating animas and birds diet may consist largely of local contaminated fish and
shdl fish.

Recommended Approach

The approach that should be followed ininvestigating whether the surface soil residues of mercury,
chlordane, heptachlor epoxide and other congtituentsinthe westerndog pen, aswell asLEHR ste surface
s0ils, represent ggnificant threatsto public healthand/or the environment, isto firg, reliably assessthe tissue
residues of these condtituents in representative, appropriately sampled fish taken from Putah Creek. If
thesefishdo not have excessve levds of the congtituent of potentiad concern, thenit canbe concluded that
the LEHR dgte, as wdl as dl other potentia sources of the condtituent, are not causing excessve
biocaccumulationof this condtituent inthe fishat the time of sampling. It isimportant, to maintain an ongoing
biocaccumulation tissue residue monitoring program to evauate the situation over the years, especialy
changes from wet to dry years and vice versathat could affect fish and other aguatic life tissue resdues.

If, however, the concentrations of mercury, chlorinated hydrocarbon pesticides, PCBs, and dioxins
are found to be excessive in Putah Creek fish, then studies should be conducted to determine whether the
sormwater runoff of these congtituents from the LEHR steisacontributor to the excessve levels. There
are severd well-established techniques that can be used to do this, such as those developed by the US
EPA and Corps of Enginears (1991, 1998) in thar dredged sediment evaduation manuds. If the
condtituents are found to be in nonbicavalable forms through these testing procedures, both within the
stormwater runoff and in their recelving waters, then it may be concluded that the constituents in the
sormwater runoff from LEHR ste arenot likely significant contributors to the excessive bioaccumulation
problem.

It isimportant, however, inmeking this evaluationto properly consider the agueous environmenta
chemistry of the condtituents. For example, the bioaccumulation of mercury iswell-known to be dependent
on certain types of environmentd Stuations such as anaerobic sediments. Therefore, conditions thet either
promote the devel opment of anaerobic sediments or, where conditions exist, may convert nonbioavailable
mercury, such as possbly in LEHR dte stormwater runoff, to bioavallable mercury that, in itsdf or in
combination with other mercury sourcesthat are also bioavailable at that location, lead to excessive tissue
resduesin aguatic life.

Summary

The approach that has been proposed by DOE through its consultant, Weiss Associates, for
evauating the potentid hazards of chemica condituentsin the LEHR nationa Superfund sitewesterndog
pen surface soils is ggnificantly deficient.  This approach fails to consider the absolute hazard that
congtituents represent to public health and/or the environment. The bicaccumulation route of uptake, as
it may impact tissue resduesin Putah Creek fish and other edible aguatic life, must be incorporated into



a reliable assessment of whether chemical condtituents in the surface soils a the LEHR gte, including the
western dog pens, are a sgnificant threat to public hedth and/or the environment. Failure to incorporate
this route of exposure in an evduation of public hedth and environmental hazards of congtituents in the
western dog pen surface soils represents a fundamentaly flawed approach.

References

Javinen, A. and Ankley, G., “Linkage of Effectsto Tissue Resdues. Development of a Comprehensive
Database for Aquatic Organisms Exposed to Inorganic and Organic Chemicals,” Society of Environmenta
Toxicology and Chemistry, Pensacola, FL (1999).

Lee, G.F. and Jones-Leg, A., “Summary of 1ssues Pertinent to Regulaing Bioaccumulatable Chemicas”
Report of G. Fred Lee & Associates, El Macero, CA, September (1996).

Lee, G.F. and Jones-Leg, A., “ Stormwater Runoff Water Quality Evauation and Management Program
for Hazardous Chemica Sites: Development I ssues,” Super fund Risk Assessment in Soil Contamination
Sudies. Third Volume, ASTM STP 1338, American Society for Teding and Materials, pp. 84-98,
(1998).

NASNAE, “Water Qudity Criteriaof 1972,” National Academies of Science and Engineering, EPA/R3-
73-033, US Environmental Protection Agency, Washington, DC (1973).

UCD, “1998 Annud Water Monitoring Report for the Laboratory for Energy-Related Health Research
and South Campus Disposal Site” prepared by University of Cdifornia, Davisand Dames& Moore, Davis,
CA April (1999).

US COE/US EPA, “Environmeta ResdueEffects Database (ERED)”, avalable from
http:/Aww.wes.army.mil/d/ered/index.html. US Anmy Corpsof EngineersWaterway's Experiment Station,
Vicksburg, MS (1998).

US EPA, “Qudity Criteria for Water,” EPA 440/9-76-023, U.S. Environmental Protection Agency.
Washington, DC (1977).

USEPA, “Notice of Quality Criteria Documents. Availability,” Federa Register, 45, 79318, .(1980).

USEPA, “Qudity Criteriafor Water 1986,” EPA 440/5086-001, U.S. Environmenta ProtectionAgency,
Office of Water Regulations and Standards. Washington, DC (1987).

US EPA, “Wildife Criteria Portions of the Proposed Water Qudity Guidancefor the Great L akes System,
“ EPA-822-R-93-006, US Environmenta Protection Agency, Office of Water and Office of Science and
Technology, Washington, DC (1993).



USEPA, “1995 Updates: Water Quality Criteria Documentsfor the Protectionof Aquatic Lifein Ambient
Water, “ EPA-820-B-96-001, US Environmenta Protection Agency, Office of Water, Washington, DC
(1996).

US EPA/US COE, “ Evduationof dredged materia proposed for ocean disposal,” EPA-503/8-91/001,
US Environmenta Protection Agency/US Army Corps of Engineers, Washington, DC (1991).

USEPA/US COE, “ Evduation of dredged materia proposed for discharge inwaters of the US - Tedting
Manual,” EPA-823-B-98-004, U.S. Environmental Protection Agency/US Army Corps of Engineers,
Washington, DC (1998).



