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ABSTRACT

Bicuptake smdies have been conducted as part of Comprelensive Environmental
- Response; Compensation and Liability Act-and Nattonal: Environmental:Policy Act requirements
~..-for the Weldon Spring Site Remedial: Action Project: Stndies-were condueted to.determiae what
game biota are ‘exposed to contantinants from the Weldon Spring site and the potential- risk:io

- public health associated-with. human consumption of exposed biota, In addition, environmental

monitoring programs under U.S. Department of Energy Order 5400.1 require -assessment:
programs ie monitor contaminant levels in biota. Surface water and soils at the chemical plant
have shown elevated levels of uranium, thorium, arsenic, Iead, polychlorinated biphenyls (PCBs)
and nitroaromatics. Lake sediments and surface water in the surrcunding conservation areas
have shown elevated levels of umanium, lead, mercury, and arsenic. PCBs were detected at
0.2 ugig in one of three sediment samples from Lake 36, and 2, 4-Dinitrotoluene (DNT) was
detected at .58 pgfl in Lake 35 surface waters in 1988.

Fish samples were collecied at surrounding Izkes, and several mammal and waterfowl
samples were collected from the immediate plant area. Sunfish in Angust A. Busch Memorial -
Conservation Area Lakes 35 and 36 were found to have detectable concentrations of radiological
contaminants that were statistically higher than backpground locations. No PCBs were found in
fish tissue samples analyzed in 1987 studies. Deer and waterfow] samples were shown te exhibit
low levels of radionuckides in organ, bone, and tissue samples. No detectable concentrations of
" radionnclides or metfals were found in small manmal samples collected in.1987.

Historically, mercury, arsenic, and lead levels detected in fish samples from the Busch
Lakes were at levels considered to be-of potential risk to subsistence. fishermen (Mellard,
Appendix C). Additional sampling of fish from the Busch lakes was conducted in 1989, 1992,
and 1993. The daily consumpkion rate for subsistence fishermen was recalculated based on new
lake-use data provided by the Missouri Department of Conservation, The Agency for Toxic
Substances and Disease Registry determined that consumption of fish from the Busch Area dogs
not significantly increase the daily intake of metals. It has been determined that elevated levels
of arsenie, mercury, and lead in the Busch area lakes are not attributable to former Weldon
Spring Chemical Plant operations (Ref. 1).

DOEDR? I 548426, Rav. 1 ii
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Bicaccumulation factors are used to express potential concentrations of contaminants in
biota when measured data are not available. Radionoclids bioaccumulation factors were
calculated as part of the biouptake studies and were found to be within standards developed by

‘the National Council on-Radiation Protection. Pose calculations were .also determined for.
* Iniman consumption of fish' and were found to be less than-0. 1.mrem of uranium per year., Dose
' to subsistence fisherman; expected” to7 frequeit the -lakes - more often, -was -0.40 mrem{year:
"Doses from waterfowl and deer range from-0.05 mrem to 0.57 mrem per-year. The -total

radiological and chemical risk for mereased probability of cancer was-calemlated at 5 x.l_{].'.ﬁ- for
an avid sportsman assumed to hunt on-gite and fish in the August A. Busch Memorial
Conservation Area (Ref. 1). This estimate is within the acceptable range of 10 to 10°%, based
upon U.S. Environmental Protection Agency target risk values. '

DOE/OR{2 1545426, Rev. | iii
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1 INTRODUCTION

A biouptake study was initiated in 1987 to investigate concentrations and potential
e 5 Negposutes of chemical-and radiological contaminants 1o humans by-ingestion:of fish;and. game.
0 animals exposid to contaminants from the former Weldon Spring. Uranium Feed Materials Plant
o i(Ref. 2). The Weldon Spring site is surrounided by 5,805-ha {14,343 acresyof state-consezvation
--areas inchiding the August A. Busch Memorial Conservation Area to the-north-and the. Weldon
e e Spring Conservation Area torthe 'south-and east. (Figure 1-1).<These areas.are open-to:the ic
for recreational activities including hunting, fishing, and biking. The number of annnal visiters

to hoth areas totals 1,200,000 (Ref. 1).

Questions also have been raised during public meetings concerning the potential biouptake

- of contaminants by biota and the safety of human consumption of animal tissue taken from these

wildlife areas (Ref. 3, 4). Game animals such as deer, squirrel, and waterfow] occur within the

boundaries of the Weldon Spring site and may migrate on and off site. These animals are

exposed to contaminated soils, sediments, and water on site and to contaminated sediments and

water leaving the site by natural drainage channels. Fish in the lakes that receive drainage from
the Weldon Spring site are also a sonrce of exposure to the public,

This decument presents the results of various biological investigations conducted by the
U.S. Department of Encrgy (DOE) since. 1987 at the Weldon Spring Site Remedial Action
-Project {(WSSRAP).” The document-also summarizes the resulis of other biouptake stidies.
conducted prior to 1987, and the results and conclusions presented by other agencies including
the Environmental Protection Agency (EPA), the Agency for Toxic Substances and Disease
Registery (ATSDR) and the Missouri Department of Conservation, This -comprehensive
summary was prepared to inform the public of the safety of human consumption of animal tissue
and to define future monitoring activities for the WSSRAP.

1.1  Site History

The Weldon Spring site is a DOE surplus . facility -located - approximately - 48.3 -km
(30 miles) west of St. Louis in St. Charles County, Missouri, - From 1941 1p 1944, the U.S,
Department of the Army (DA) operated the Weldon Spring Ordnance Works for production of
trinitrotoluens {TNT) and dinitrotoluene. During this operation, small areas of the

DOE/ORIT548-426, Rov. | 1
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approximately 6,880 ha (17,000-acre) site were contaminated by TNT process materials. In

1954, 89 ha (220 acres) of the Ordnance Works property were transferred to the U.S. Atomic

- Energy Commission (AEC).. From 1957 to 1966, the ARC operated-a. uraninm processing
"ot o fagilityomthessife, - Thuring the operation .of the:Uranium-Feed:Materips Plant, the; byildings;:
- equipment, and.some.terrain of the-plant. site-became. contaminated-with: amdlmmchdewn.jbﬂ
U-238, U-235, and Th-232 transformatien series. S S e e e e

e e e Weldon. Spring+Quarry-is-appreximately- 6.4 km(4: miles) south-southwest-of the.
Weldon Spring Chemical Plani (Figure 1-1). Radioactive wasizs were disposed of in the Weldon
Spring Quarry by the AEC from 1938 to 1966 (Ref. 5). The DA also disposed of TNT process
wastes in the Weldon Spring Quarry. A large portion of the AEC radioactive wastes were from
the Mallinckrodt Chemical Works' Destrehan Street Feed Plant in St. Louis.

After closure of the chemical plant and quarry by the AEC, the Feed Materials Plant was
reacquired by the Army in 1967, The Army partially decontaminated the buildings, dismantled
some of the equipment, and began to convert the facilities for the production of herbicides, In
1969, prior to the Weldon Spring Chemical Plant becoming operational, the herbicide project.
was canceled. In 1983, the custody of the Weldon Spring Chemical Plant was transferred from
the DA to the DOE. In conjunction with this transfer, the Weldon Spring Site Remedial Action
Project was created as DOE Major Project Number 182, In October of 1985, the EPA proposed
to include the Weldon Spring Quarry on the National Priorities List and in June 1988, the EPA

- expanded. this-designation te-include theaaffinate pity:and chenrical-plant-atea:. :Jo-1989, both
areas were designated as the Weldon Spring site.

1.2  Purpose

This document is a technical summary of various biological investigations conducted since
1987 at the Weldon Spring Site Remedial Action Project.: ‘The studies were developed based
upon various ‘needs -including - requirements - to support -DOE. Orders 5400.1,  General
Environmenial Protection Program and 5400.5, Radiation Protection; to provide data to support.
human health and ecological risk assessment -requirements--ander the Comprehensive.
Environmerial Response, Compensarion and Liability Act (CERCLA); and to respond 10 public -
CONCEIMS.
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As part of the CERCLA process, an assessment of potentia! public health dsks of
contaminants is conducted. As part of the health risk assessment, land-use scenarios were
developed to determine actual pathways of exposure to humans.- Data-from environmental media
aind modeled -assumptions are used in the risk calculations... The type, . extent, and levels.of

. contaminants in-soils; sediments,- surface water, and groundwater at the site- were-determined.by
e wextensive samplingamidiare presented in-the: Remedial -fnvestigation for the-Weldon.Spring-Sits.
- Chemical Plant Area (Ref. 5) and in-site environmental reports (Ref. 6,.7, 8).. Typically,.these

data are used to estimate. concentrations. in biota (bicaccummlation factors) and in. turn are used
to calculate dose estimates to hamans under modeled assumptions.

While standard bioaccumulation factors are developed for some biota, these standards are
limited in their use since variability in geographic conditions, species, and habitat are not
accounted for. It is preferable to determine contaminant concentrations in biota, if possible,
in order to more closely estimate the dose to humans. This method is described as a measured
dose estimate as opposed to the modeled dose estimates. Based upon the dose estimates
received, a decision is made as to whether consumption of exposed biota is within EPA-
designated acceptable risk range.

Biouptake studies are also conducted to monitor environmental conditions as required by
DOE Order 5400).1. Sampling is conducied as an environmental surveillance activity 5o that the
Weldon Spring site has the ability to "detect, quantify, and adequately respond to unplanned
releases -of radioactive” materials;”--<In-addition; ‘work- practices for remedial -activities are-
designed to instite preventative measures. Routine monitoring of environmental media such
as surface water and air evaluate the success of these work practices. The periodic sampling of
biota ensuresthat species-are safe for human consumption. DOE Order 5400,5 requires that an
effective dose be calenlated to monitor if radiological exposure is less than 100 mrem per year
from all exposure pathways including consumption of biota. Measurements of surface water
concentrations are conducted to snpport health protection at off-site public areas.

No risk assessment is performed-as a part of this docnment;. instead the risk assessment
is presented in the Baseline Risk Assessment for the Weldon Spring Chemical Plant Area (Ref. .1)..
and excerpts are presented in this document. Other historic biological sampling efforts will be
included as part of the discussion of the Weldon Spring site biouptake studies,

DOR/ORZ154B-426, Rev. 1 4
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1.3  Sampling Rationale

Various limits-or criteria-were established: for DOE:biouptake-stadies... Justifications. ace.

.« provided in-the-following paragraphs. for study. objectives wsamphngalmamﬂs, contaminants.of.

concern, and species sampled.

‘1,31 Study Objectives

The various bicuptake studies developed for the Weldon Spring site were not designed
to serve as a comprehensive evaluation of all levels of the food chain. The 1987 biouptake
studies were originatly designed to serve as a screening process to identify the ranges of
concentrations of some chemical and radiological constituents in the few fish and game species
consurned by humans (Ref. 2). Primarily, edible portions of biota were collected and analyzed.
Later studies, including waterfowl and deer sampling, were conducted to support data gaps for
CERCLA human health assessments. Waterfowl and white-tailed deer frequently use on-site
areas, migrmte on and off-site, and can potentially be taken by local lamnters,

Agriculturat lands comprise 17% of the surrounding wildlife areas and include such
products as com, milo, soybeans, and wheat. If a release were to oceur, agrcultural products
could receive airborne radicactive air particulates or radiological compounds from surface water
drainage. No surface waters with elevated radionuclides are used for irrgation of agricultural

© products. Portions: of -crops -are: deft:for-wildlife: consumption: after- harvest.. . The .potential-

exposure to humans vig wildlife consumption of agricultural products is a component of the total
dose -estimate, The sampling of agricultural products is directed by DOE meonitoring

.- requirements under Order-5400.5 and: was-initiated in-1991. The. characterization program for

agricultural products was conducted in 1991 and 1992 and results were presented in the Weldon
Spring Site Environmenral Report for Calendar Year 1992 (Ref, 8). Although the agricultural
products grown in the area are not produced for human-consumption; & commiited effective dose..
equivalent was calculated at 0.03 mrem/year (Ref. 8). This dose is well below the DOE
guideline of 100 mrem per year and therefore, agricultural products are not considered.-a risk
to humans. - Further discussion on agricultural products.is. presented -in. site environmental
reports.

DOE/OR/21548 426, Rev, | 5
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Human consumption of wild plants does not occur at the Weldon Spring site and is
considered minimal at the surrounding conservation areas.

. “'Therefore, the biouptake-studies condueted:at-thesWeldon -Springssite.have.been.limited
' tothe samphng of fish, -small mammals, large mammals,and waterfowl. - o v i ey

Remedial investigation (RI) activities conducted at the Weldon Spring site have provided
data to determine the extent and level of comtaminants in surface waters, soils, and sediments.
The compounds examined nnder the RI were those historically used or produced on site and that
may expose humans to these contaminanis. The results of extensive sampling under the Ri
indicate that nraninm, thorinm, angd mdium are the primary contaminants of concemn and are
found in soil, sumiface waters, and sediments. In addition, the main chemical contaminants of
concern are nitroaromatics, metals, and polychlorinated biphenyls (PCBs) found in soils and
metals fonnd in on-site sediments and surface waters. Off-site locations are contaminated with
uraninm and some metals in surface waters and sediments.

Although some habitats, primarily aquatic, are contaminated from the Weldon Spring
site, the biouptake investigation focused on contaminated areas where game species would forage
and live and could uptake contaminants, and where these game species might be caught, trapped,
or hunted by the public.

1.3.2.1 Aguatic Habitats, Six surface water bodies exist at Weldon Spring

Chemical Plant, one at the Weldon -Spring Quarry;-and five-off- site-that.are influenced by -

contaminant migration from the Weldon Spring site. Located at the Weldon Spring Chemical
Plant are Ash Pond, Frog Pond, and four raffinate pits (Figure 1-2). Located at the Weldon
Spring. Quarry is the quarry pond. Off-site locations are the Aungust A. Busch Memorial
Conservation Area Lakes 34, 35, and 36 (Figure 1-1), the Femme Osage Slough, and Missouri
River located in the Weldon Spring Conservation Area (Figure 1-3). Table 1-1 summarizes the
radiological and chemical data for the aquatic habitats in each -of these areas. oresworm,

DOEMOR2 1568426, Rev_ | 5
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TABLE 1-1 Summary of 1987 - 1993 Barface Water Data for the Weldon Spring Site and Vicinity Areas

5

B Urendum Nitrats Sulfate Arschic Barium Chromium Eamd - Medtoury Zre
Location ipCiAl {mgdl) {mgAl {wg A} {puf) o g s | wem
Azh Pord 16EE 3.66 F13 < 10,0 < 200 255 1206} 1.3 78
Frog Pard FEY o.84 53 {Z.62} a7 1.2 — 126 < 5.3 < 20
Rathnata FIt 1 184 520 307 15.5 « 200 24.2 FER < 0,20 < 20
Rathinate Pt 2 1074 53.6 541 £9.3 < 200 23.7 {3 50 0. 163) < 20
Raffinata Fit 3 BOT 1250 462 = 10 = 200 41,3 52.7 = 0,20 209
Rafhrate Pit & 1569 360 134 B.13] < 200 9.EE a1 < 0.20 a7.0
Buech Lake 33 8 3.08 1050" - 7608 - 685 87 {4.65) 2.7 < Q.17 2194
[ Buzch Lake 34 ER] 333 4.4 12.93] E]] 15.04) < 14 [P E) < 168.0
[Btisch Laka 35 18.8 2.56 16.3 {2.74] &0 14.13) 19,63 0,14} B33
Buech Loka 36 375 .05 378 a.75 BA.E 14.93) Z.3 RELD B85
[Busch Laka 37 % .00 3.72 NA 153 581 < 7.0 < 24 < 020 67.6
Femme Csage Slough 53.3 0.79 70 12,737 136 T0.8 B8 < 0.20- 46.8
WS Quarry Pond 1585 75.4 769 .71 1145 16.6 7.02 < 0.20 < 31,8
[ Burgarmaister Spring 1.3 263 428 < &.70 T04 818 < 3.00 0,12 128
H Southaaet Dreinage 203 532 G4 2 « O 45 o2} 158 (3.4%) < 0.18 {16.3)

Average of DOE 5400 monitanirg data from 1987 to 1228432 {from WIZZARD databassl and surface water data fram Brugam, 1992,
Avaragas in parathesis induds uncenscred data {data detacted and reportad at-helow the contract-required detection fimite).

bkg background joacation.
a Data currantly baing valideted.
MNA Mot analyzed for paramater listad.
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Surface water runoff from the north and west sides of the Weldon Spring site flows to
Ash Pond. Ash Pond is a natural drainage area impounded during construction of the uranium
plant to sluery ash producis. As a result, elevated levels. of metals, uranium, and nitroaromatics
- aré feund in- Ash'Pond.: - The-water level in Ash Pond-fluctuates seasonally -~Asr-isolation-dike
was constructed as part of an Interim Response Action for-the site in 1987.to reroute.the.on-site
surface drainage around the Ash Pond shugry area, thereby reducing off-site -discharge of-
contaminants. No sampling of fish from :Ash Pond was conducted for-the biguptake program
since the pond dries up in late summer and it is not expected to support fish.

Surface water runoff from the northeast portion of the Weldon Spring site drains into
Frog Pond. Frog Pond was constructed as a setiling basin for cinder slurry from the coal-tired
steam plant during uraninm production. Frog Pond is contaminated with uranium and metals.
Limited sampling was conducted in 1987 since there is no public access to Frog Pond.

Four raffinate pits are located within chemical plant boundaries and they cover
approximately 10.5 ha (26 ac) (Figure 1-2). These pits were constructed as seitling basing for
radioactive residuses (raffinate) from the uranium processing operations. Radionuclides,
including uranizm and thorium, are present in the surface waters and sludge sediments of the
pits. The principal anions detected in the raffinate pit waters were nitrate, sulfate, and fluoride.
Metals present in raffinate pit sludge inciude arsenic, calcium, lead, magnesiuvm, nickel, and
vanadium (Ref. 1). No nitroaromatics were found in the surface waters of the raffinate pits.

Off-site discharge of surface water and sediments is via Ash Pond and Frog Pond
drainage. An intermittent creek mumns from Frog Pond and.flows north to the August A. Busch
. Memorial Conservation Area Lake 36. -The outfall of:Lake 36 discharges-into Lake 35, to
Schote Creek, to Dardenne Creck, and eventually to the Mississippi River. Ash Pond flows to
Lake 35 in the August A, Busch Memorial Conservation Area, to Schote Creek, and Dardenne
Creek, and eventually to the Mississippi River (Figure 1-1). Surface water and sedimeuvts.of
Busch Lakes 34, 35, and 36 are contaminated with uranium,

Groundwater below the chemical plant-area:also:travels: via-undergrouvnd connections.o
Burgermeister Spring, to Lake 34, to Dardenne Creek, and eventually to the Mississippi River.
At present, there is no recreational use of Burgermeister Spring. No public fishing oocurs and
the dminage is not expected to support game species. Uranium i¥ the major radicactive
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contaminant in surface water and sediment at- Burgermeister Spring, and mitrate and
nitroaromatic compounds are detected infrequently in Burgermeister Spring.

.+ Pischarge “from-the: southeast portion of the: site -is -toward=a-natusat.drainage- to.the.

+ Missouri River: This Southeast Dminage-.was not-sampled;-since:- mmumﬁshmg:s

conducted in the drainage and. it is fmquently dry.

- ..+ 'The Weldon: Spring Quarry- (Figure. 1-3) is essentially-a closed basin where surface.water.
within - the immediate area flows to the quarry floor and pond. The quarry pond covers
mp‘mﬁdmately (0.2 ha (0.5 acres). The main contaminants include radionuclides, metals, semi-
volatiles, and nitrearomatics. Mo public access is allowed at the Weldon Spring Quarry,

The Femme Osage Slough is located in the Weldon Spring Conservation Area,
approximately 152.4 m (500 ft) south-southeast of the Weldon Spring Quarry (Figure 1-3). The
slough is believed to be hydraulically connected to the quarry pond (Ref. 11). The slough is not
used as a source of drinking water or for irrigation, but is frequently used for fishing, Elevated
levels of uranium are found in the surface waters and sediments of the slough.

1.3.2.2 Terrestrial Habitats, Four terrestrial locations on the Weldon Spring
Chemical Plant Area were selected for study in the biouptake program. These include Ash
Pond, south dump areas, the buildings area, and the Frog Pond area (Figure 1-4). No off-site

+-. locations were stadied-since locationssvhere contaminants occnr are.smalk localized,; and.donot:

predaminantly or exclusivety support game species for shelter or foraging.

- Radiologically -contaminated -soils at the Weldon Spring -Chemical Plant. are.generally.
confined to the north and south dump areas, Ash Pond, the Frog Pond dminage, and to areas
immediately surrounding the buildings. Uranium concentrations range from background levels -
of about 1 pCifg to several thousand pCi/g, Most Ra-226 and Th-232 concentrations are at
mean background levels (Ref. 12). Contaminated soils in these areas are also the major source
of contamination to surface water via runoff.

PCB contamination at the Weldon Spring site is generally low with some localized hot-
spots in soils, such as in the area where the plant transformer pads were previously located. All
releasable transformers were removed from the site in 1988.. Some. PCB contamination exisis
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within non-process buildings, Polyaromatic hydrocarbons (PAHS) are present in soils in the area
previously used for coal storage. A few locations: on site have Jow concentrations of
nitroaromatics in soils, primarily in the Ash Pond area where TNT prcductmn amnd ‘wastewater
- --piianagement. facilities-once existed. O R P Sy

. - -Areas where elevated metal concentrations-occur include thenorth-and south-durnp-areas;

- chemiea! plant-buildings, and the .coal: pile-area. ~Inorganic anions.are found at low levels:in.

- some subsurface soils. The small areas where-anions are found are not extensively .distributed
and are a low risk to hiota (Ref. 1).

1.3.2.3 Exceptions, Chemical and radiological compounds found at elevated levels

are known to affect the reproduction, growth, and development of biota. Some materials, such

“as PCBs and radiomuclides, can accumulate within an organism or may metabolize in the body

and form toxins, as is the case with mitroaromatic compounds. All contaminants of concem were
studied in the biouptake program, with the exceptions listed below,

"Nitroaromatics were initially considered for the 1987 biouptake study since they are
present in low concentrations in on-site soils and because of the historic production of-
nitroaromatic compounds, Nitroaromatics were not analyzed in the 1987 biouptake study since
analytical techniques for nitroaromatics were poor in 1987, The 1987 study found that there
were no accepted methodologies for the analysis of nitroaromatic compounds in biological tissue,

‘| -Recovery - of -‘target - compoundg::following -extraction v procedures. wvas . estimated by .the-

Subcontractor laboratory to be exiremely low, and it was determined that TNT and
dinitrotoluene (DNT) degradation products in the samples would probably not be detected. The

. lower limiis of detection would not-be -low enough to consistently «detect: the concentrafions. .
anticipated (Ref, 2). Nitroaromatics have not been analyzed as part of the latter biouptake
studies since areas of surface soil contamination are negligible and nitroaromatics degrade
rapidly in surface waters. In addition, during preparation of the ecological risk assessment in
1992, little or no information was found on nitroaromatics and their affect on wildlife, and no
determination of potential adverse ecological effects was made (Ref-1.). '

Volatiles and semi-volatiles were considered as part of the sampling, but were discounted
hecause the distribution is limited to the quarry pond and some small soil areas related {o coal

- .+ storage.amt burm areas (Ref..5). ;Thequarry pond was and is generally. inaccessible to waterfowl

DOBRZ 1548426, Rev_ 1 13




oL T

RADIOLOGICAL AND CHEMICAL UPTAKE IN GAME SPECIES AT THE WELDON SPRING SITE 080Z86

and large mammals and there is no public use of the ..quamr pond. No discharge of these
compounds to other surface waters or soils is occurring from the.quarry. Semi-volatiles and
volatiles were detected in some soil samples, but were found to be common analytical

-. contamhinants or of low detection. frequency- in all samples and the contrbution to-overall site risk

is insignificant (Ref. 1).

»- JInorganic-anions including nitrate,. sutfate, and fluoride are found. at elevated devely.ig

- the raffinate pits.- In 1987, littlé ‘was known about the extent of on-site-anions,:and therefore,

the initial biouptake study did not analyze these compounds in terrestrial or aquatic biota. Since
then, remedial investigations have found elevated levels of ions to be primarily of concemn to
aquatic and semi-aquatic biota that nse the raffinate pits. These anions accumulate in blood,
bones, teeth, and digestive organs. Since these tissues are not consumed by humans, they are
not expected to pose a threat. - Therefore, anions were not included in the biouptake program.

No PAHs were found in surface waters or sludges in orn¥site_ raffinate pits or in off-site

* surface waters. Low levels of PAHs were found in on-site soils. PAHs are probable

carcinogens by oral, inkalation, or dermal exposure (Ref. 1), While specific biota may be
affected by PAHs, humans are not exposed to PAHs via consumption of biota (Ref. 1).

1.3.3 Species

7 "v-The biota: selected for study ase-imposrtant: =game>species..w-ithin==thc:$urmunding.sﬁhdﬁfe.
complex and are frequently observed at the chemical plant site or surrounding wildlife area. The
biota included mammals (grey squirrels and eastern cottontail), waterfow!, and fish. Deer

-samples wers taken when accidental deaths or-hunter:-donations made- deer-available.- Samples

prepared for analyses were chosen considering the affinity of compounds for specific tissues or
organs. Organs patticularly affected by radionuclides include the liver, gizzards and kidneys.
Whole body, fillet, tissue, fishcake; organs, and bene samples were prepared as if for human
consumption.

The fish species chosen for study included channel catfish, bluegill, green sunfish, redear
sunfish, largemouth bass, and crappie. These species also represent three different patterns of
feading and food preference of fish. Bluegill and green sunfish are omnivorcus feeders, feeding
on both plants and animals, and they are confined to shallow waters. Largemouth bass are
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predominantly piscivorous, feeding on other fish and insects, and they live in the deep, open
waters of the lake, yet travel to the shallow areas to feed, Catfish are predominantly
omnivorous feeders tending to forage and swim in the bottom waters of lakes. Catfish were

o apdeted t0-be thespecies. most likely:to'exhibit contaminant uptake- due-to their forage behavies

in lake sediments.

- -Small mammals. selected for sampling in the 1987 study were Sylvilagus floridanus, the

o éastern. cottontail -and Seinrus- carolinensis, the. gray-squirrel. - Both are-common. game-species

and are frequently found on site, Habitat is available on site where these species could subsidize
their diet or establish nests for young. Active squirrels nests have been sighted in trees.on-site.
Larger mammals such as the white-tailed deer, Odocoileus virginignus, were not sampled as part
of a focused stedy due to the large sample size required to make conclusions on biouptake.
Deer sampling is limited to specimens made available due to accidental death, including roadkills
and hunter donations. The white-tailed deer is the largest mammal commonly hunted in
Missouri,

Waterfowl selected for study included mallards, wood ducks, and Canada geese. These
species were selected for sampling since they are common resident species in Missouri,
Waterfowl survey data from 1991 indicate that maliards are most commonly seen as resident
species on Raffinate Pit 4 during the summer months (Ref. 8). Mallards and Canada geese are
the most common species found during the migratory season and in the winter months
(Table A-9).

1.3.4 Summary of Biouptake Program

Fish were sampled and analyzed for radionuclides at on-site and off-site locations
including Prog Pond and the Femme Osage Slough in the Weldon Spring Conservation Area,
and Lakes 34, 35, and 36 at the August A. Busch Memotial Conservation Area. Metals and
PCBs were also analyzed in fish samples from Lakes 34, 35, and 36.

- Waterfow] from the Weldon Spring Chemical Plant.were-sampled where surface water .
and sediment radiological levels are elevated. Raffinate Pit 4 was also selected as the on-site
sampling location since most individuals are known to use Pit 4. Waterfowl were analyzed for
radiomuclides. White-tail deer were sampled at the chemical plant area and the sumounding
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conservation areas, when available, and were analyzed for radionuclides and metals. Smail
game from contaminated soil areas at the chemical plant were sampled and analyzed for
radionuclides and metals.

DOB/ORS2154R-426, Rev., 1 16
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2 METHODS

Methods for collection of specimens are detailed in Standard Methods for the Examination

T e i Waters and- Wastewater (Ref. - 12), itrapping - guidelines <y theMisseuri -Departmeritsof
' - Conservation, and sampling protocol developed by the Nuclear Regulatory Comission. -Other
-« methods-were taken from -appropriate seientific. research jourmls-or-cusrens scientific, practices,..

2.1  Field Methods and Sampling Locations
2.1.1 Fish

Fish sampling was conducted from 1987 to 1993 at selected study sites. Fish were also
sampled from lakes not influenced by site contaminants and these samples were used as
background or control samples. Study sites were lakes 34, 35, and 36 in the August A. Busch
Memorial Conservation Area and the Femme Osage Slough on the Weldon Spring Conservation
Ares. Lakes 33 and 37 in the August A, Busch Memorial Conservation Area were sampled as
background or control locations. Lake 33 is located at the northwestern edge and Lake 37 is
focated at the western edge of the August A. Busch Memorial Conservation Arvea in a small,
solated watershed; neither receive runoff from the Weldon Spring site,

Specimens were coltected using an electrofishing technique (Ref, 12). Electrofishing uses

g gas-powered generator mounted in a boatto-introduce an-electric currentiinto.the - wates.around-

the boat. Fish are temporarily stunned by the current, and then netted and placed in holding
tanks in the boat, This work was accomplished under the provisions of the Missouri Department

-of Conservation (MDC). Sampling was conducted in the spring of each. year, during the day

(except for Lake 34 where lake clarity requires nighttime sampling). In 1992, the MDC
conducted gill net sampling and the U.S. Department of Energy obtained catfish fillet samples
for analysis.

Fish wers collected annually from each location based-on-the-species, size, and mimbes:

- of fish available, Specific species available' annvally: included--trass, ~sunfish, and catfish.

Crappie and carp are stocked in some lakes, and if an adaquate mmaber and mass of fish were
collected, samples were prepared for analysis. Fillet samples were prepared for analysis.as a

< - priority. if:-number o size of fish was limited. During some years, the individual fish were too
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small to prepare as fillet samples, so whole or fish cake samples were prepared instead. Some
species were also composited according o taxonomic family for analysis. Bluegill, redear, and
sreen sunfish were composited and channel catfish and yellow bullhead were composited, if

7 -pndegquate sample-sizenwas-iotcollected. - Since-crappie arc-abundant-in-the-Ferame OsagoSlough

and in some Busch lakes, these fish were also taken for samples.

In all yeary except 1987, samples were prepared ay whole body, fillet, and fishcake
--samples. Fishcake samplex are cleaned, beheaded,. scaled, and eviscerated specimens; . In-1987;:
fillat and fishcake samples were sent to a subcontracted laboratory to be analyzed for total
wranium, Ra-226, and isetopic thotium. In 1987, mixed fillet composites were analyzed for
polychlorinated biphenyls (PCRBs) and U.S. Environmental Protection Agency (BPA) Contract
Laboratory Program (CLP) metals. In 1988 to 1993, whole body, fillet, and fishcake samples
were analyzed for isotopic nmnium and in 1992 and 1993, for mercury, arsenic, and lead.
Catfish livers were prepared in 1991 from samples collected from Lake 35.

Fish were cleaned and samples prepared within 1-2 days of sampling., Fishcake,
composite (1987), and fillet samples typically consisted of a minimum of thres fish with a total
sample weight of approximately 800 g. Whole body samples typically consisted of a minimum
of one to two fish or a total sample weight of approximately 1,000 g. Samples were placed in
plastic bags, weighed, labeled, and frozen prior to shipment to the analytical laboratory.

2.1.2 Waterfowl

Sampting of waterfowl was conducted in October 1990, at the Weldon Spring Chemical
Plant area. Raffinate Pit 4 was selected for sampling since usage of Raffinate Pit- 4 is
significantly higher than any other aquatic habitat on site (Table A-9) (Ref, 6).

Since St. Charles County is along the Mississippi flyway, a major north-south route. for
migratory North American birds (Ref. 1), up to 295 bird species have been reporied from this
area. Up to nmine waterfowl species are reported as common or abundant during migratory
‘season (Ref, 13). The Canada goose, the mallard and-the. wood.duck-were selected for sampling
since they are classified as common residents in St. Charles County during at least three seasons
of the year and are probable nesting species (Ref. 13). Since no survey was conducted prior to
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' sampling of waterfowl to document the duration of time spent on site, residency of the
individuals collected is not known.

i w0 S mpling was conducted-in the early morming .(6: 80 am-10+9:00:am).. JIndividuals. werg
L - - “identified as to species, selected for-sampling; and then flushed from the-pit interior. Birds were
- 7+ collected using. a 12-gange-shoteun::Samples were dressed-and. separatedtinto tissue and: organ
- (heart, liver, gizzard) samples. All samples were analyzed for-isotopic uranium, thorium; and

radium.

2.1.3 Small Mammals

Small game mammals (zastern cottontail and gray squirrels) were collected from the
Welden Spring Chemical Plant in 1987 and 1988, Samples were first obtained by trapping using
various bait material. Trapping was concentrated in three areas for game animals including the
South Dump/Ash Pond area, Frog Pond area and the chemical plant buildings. Trapping was
not as effective for some areas and samples were later obtained by hunting on site, Huating was
used to obtain samples from areas around the chemical plant buildings (refer t0 Figure 1-4).

Small mammal composite samples consisted of three specimens collected from each
location. Specimens were cleaned, placed in plastic bags, labeled, frozen, and sent to the
laboratory. Small mammal samples were split into tissue and bone subsamples by the laberatory

L ey mud :analyzed for dotal uranium <Fh-230/232, - and-Ra-226. Small mammal;samples-were .not -
analyzed for PCBs and metals as planned (Ref. 2), since there was not sufficient samplie mass
1o provide the necessary volume for analysis,

2.1.4 Large Mammals

Large game animals such as deer were not originally planned for sampling in biouptake
studies due to the difficulty in‘obtaining an-adequate.number.of specimens, - During-construction.-
at the material staging area and retention basin at the chemical plant in 1991, a male white-tailed

- deer wandered inio the basin- and was injured.- - MDC officials-destroyed the- deer and.samples
were taken for analysis. In 1992, other deer samples from-on-site, off-gite, and -background
locations became available for analysis due to accidental deaths and hunter donations.
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Deer samples were prepared within 1 day of death by separating specimens into tissue,
bone, select organs (heart, liver, kidneys), and antler samples when available. The samples
were frozen and shipped to a subcontractor laboratory for analysis. All samples were analyzed
< forFisptipic. praninm, ¢ isotopic.thorum, .Ra-226, and. Ra=228..«In.1992; additional tissye, was
. available and analyzed for specific metals. The metals selected for analysis were. definedas
- toxicity: metals; thosé particularily-toxic -to-human and- biological: nrgammsmll:hcse,mﬂtaism
-arsenic, barium, cadmiym, chromium,-lead, mercury, mlemum, sitver, and zine. . .o

2.2 Analytical Methods

Laboratory analytical methods used for the bicuptake study generally followed the same
procedures as those used for water samples. The main differences were in the sample
preparation procedures. Fish samples analyzed for radionuclides and CLP metals were freeze
dried and ashed or digested in concentrated hydrochloric acid and then diluted to one liter before
analysis. :

Small mammal composite samples and decr samples sent to the laboratory for analysis
were separated as bone, soft tissue, or organ portions, and then prepared for analysis according
to Eastern Environmental Radiation Facility procedures (Ref, 14). These procedures. included

 ashing the samples at 550°C for 72 hours in a muffle furnace, followed by treatment with

various cartiers, tracers, and acids prior to the actual analyses.

All samples were analyzed by the following methods: isotopic and total uranivm were
analyzed according to EPA-methods 908.0 and 908.1 and RL-2322 and RL-2323; isotopic

. thorivm by BPA 00/07 907 -and RL~2318; and Ra-226 by EPA 903.0 and RL-2313. . Variation

in numbers is a result of modification in methods over the 5-year sampling period. All
analytical methods were reviewed by quality assurance and control audits prior to analysis of
samples, Metals were analyzed by SW-846 graphite furnace atomic absorption or by EPA CLP
indirectly-coupled plasma analysis. PCBs were anatyzed using. CLP-Test Method 608, using fish .
tissue that was not acid-digested.
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2.3 Quality Contrel

The use of quality control samples is required as part-of all sampling programs at the

el 3 Weldhon - Spring : site: - Quality..control -samples are-used o agsess. sampling - performance;
«". “lahoratory performanee, - and-analytical precision.:Quality-controt samples;including: duplicate
=< .. gamples; laboratory - duplicables and-matrix -duplicates;:are: taken: for-gurfacec-wateraundeg.a.

routine -environmental monitoring program. . Details. on. guality control. samphng are further
-described in site environmental reports (Ref. 7, 8).

Field replicate samples were taken during each samp]ing event and were prepared in the
same manner as the test samples and were also sent to the laboratory for analysis.
Approximately 16% of fish samples were taken as replicates and 18% were taken for small
mammals, One replicate was taken for deer samples and one field replicate for waterfowl, All
quality control samples were compared to test samples, and relative percent differences were
‘cakculated as part of the data review process. Results are presented in Section 3.1.4.
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3 RESULTS
3.1 Fish

Over 190 fish samples have been collected and analyzed over the last 7-year period, Of
. these, dpproximately 41 % were fillet samples,- 19 % were fishcake samples -and 37.% were whole
7 "body samples. . The.remaining.3 % - were composite-and organ samples-taken in 1987.and 1991

Species found and collected at sampling locations were common game species including
largemouth bass, Micropterus salmoides; channel catfish, fctalurus punctars, bluegill, Lepomis
macrochirus; and green sunfish, Lepomis cvanellus. Other species taken as samples were
common in each lake area as reflected by the electrofishing efforts. These variations are
attributable to stocking and management practices, limnological featnres of the lakes and the
slough including water depth, water origin, and shoreline arca. White crappie, Pomoxis
annularis and black crappie, Pomoxis nigromaculaius were the predominant sunfish in Lakes 33
and 33, and therefore, were used for analysis instead of bluegill and green sunfish.

Carp, Cyprinus sp. was sampled from Lake 33 and bigmouth buffalo, Ictiobus cyprinelius
and yellow bullhead, Ameriurus natolis from the Femme Osage Slough. The fish community
in Feimme Osage Slough is different than that in the Busch Lakes due to the influence of the
Missouri River. The water level in the slongh is controlled by a pipe and valve which normally

“i i left open, but is closed when the level reaches the basin rim.. Because.of this,. species of fish

routinely found in big river habitats such as the Missouri River, are found in the slough. A list
of all species recorded from electrofishing surveys of the study areas is shown in Table A-1 of
Appendix A.

In 1987, when Frog Pond was sampled, only small sunfish were collected during
electrofishing efforts. Most of the fish from Frog Pond were small in size and a limited number
were available. Only cleaned sunfish composite samples (fishcakes) were prepared and analyzed
for radionuclides, Electrofishing was conducted at Raffmate Pits 3 and 4 and from the quarry
pond. No fish were present or collected as a result of sampling these ponds. Sampling was
discontimued for these areas in 1988 due to lack of public access and absence of fish.
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In 1992, the MDC collected fish samples from Busch Lakes 35 and 37 using gill net
sampling methods. Gill nets were set to specifically select catfish. Since catfish is a bottom-
dwelling species and omnivorous feeder, it is more likely that this species will accumulate higher

% Goncentrations than, other; species. The 17,8, Department ‘of ‘Energy {DOR). was provided, with.

catfish samples and fillet samples were prepared for-analysis of metals-and-total uraninm.--Fhe

- -analytical data results from:the gill-net sampling are presented-in Table-A-2.--Since the.analytical
- data .results- are not notably -differant -from . the-.concentrations reported .using. electrofishing

coliection methods, no additional .gill net sampling will be conducted for DOE analysis.
3.1.1 Radiological Analysis

3.1.1.1 Uranium. Annual concentrations of oranium and 5-year average
concentration in fish samples collected from 1987 to 1993 are shown in Table 3-1. Data are
presented as total uranium concentrations with detection limits ranging from 0.0001 pCifg to
0.11 pCifg. Samples were analyzed for Th-230 and Th-232 concentrations and the detection
limits ranged from 0.02 pCi/g to 0.7 pCifg. Samples were also analyzed for Ra-226 with.
detection limits ranging from 0.603 pCifg to 0.3 pCifz. All non-detect data results are presented
and used in calculations as half of the detection limit {DL/2} according to EPA guidance
(Ref. 15). All results are presented as wet weight concentrations. Summary statistics including
total samples, range, and standard deviation are shown in Table A-3 of Appendix A. All
standard deviations were shown to be below 1.

In 1987, all samples showed no detectable concentrations of radionuclides at the
respective detection limits. Of the samples taken in 1987, 75% were fillet samples and the
remaining were fishcake samples. .In. 1988 - 1993 sampling, the detection limits were lower and
whole body samples were added to the sampling program. As a result, radionuclides were
detected at low levels in 1988 - 1993 samples. In 1992, all samples were analyzed at 0.3 pCi/g,
above the detection limits used in previous years, The 1992 samples were all reanalyzed with
lower detection limifs. As a result, data from.the.first-analysis.in 1992 were not used.in.any
calculations or averages.

_ The highest average uranium concentrations for 1987 - 1993 samples in all Jakes. were
found in whole catfish samples (0.933 pCi/g) and whole sunfish samples (0.434 pCifg) from

.. Busch Lake 36, Fillet samples from all sampling locations averaged from .002 pCifg (not
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TABLE 3-1 Average Uranium Concentrations {pCi/g) in Fish Sampled 1287 - 1993

[

Manitaring Locations 1992 1990/1989

Frog Pond Sunfiah Cakes

Lake 34 Bawe Fillot 0.0005 00013 0.0104a <0003 Z0.01 0.0037 3B
Bags Whole L1ES 0,007 - 0.002a Q.024a NS 0.008 a4z
Catfish Fillot 0.0007 0.0174 <0.003 NS NS 0.007 213
Catfish Whols NS 0.002 <0.005 «0.003 NS 6002 143
Crappie Cakes G.DDZ:.S- NS NS NS Né 000323 M
Crappis Fillst NS NS NS NS <001 | <001 on
Sunfish Cakea 0.019 0,012 00100 0.041a <0.01 005 45
Sunfiah Fillst N3 <0.3 0.0044q <0.008 <001 .04 14
Surflah Whale NS 0.0032 . 0.057a 0.036a ns.| oos2| s

Laks 35 Base Filfst 0.0003 NG 0.072 6 0058 <0.01 0.021 a4
Base Whola NS 0.002 0.014a 0.027a NS 0.014 303
Catfigh Fillota 00044 0.0037 - 00302 <0003 -_m.ui 0.010 35
Catfleh Livars . NS N 0.070a NS N$ B.070 11
Catfigh \nﬁmaia : NS NS o009 0.385 - NE 2.197 272
Crappin Cakese 0.0077 0.0032 0.003a 0.012a . NS 6.008 414
Crappie Fillet 0,.0007 NS 0.005s 0.008a <0.02 0.00% a4
Crappls Whols . 0016 0.007 <0.003 0.036 . NS 0015 344 f
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TABLE 3-1 Average Uranium Concentrations {pCi/g) in Fish Sampled 1987 - 1993 [Continuadf

Monitoring Locatiens

Spacias

1993

1530/158%

B-Ynrar

Lake 85 {Continued) | Sunfish Cakes 0.047 0.031 0.04%a 0.040a <0.02 0.035 46
Sunfish Fillst NS NS 0.016 0.008a NS 0012 272

Sunfish Whole NS 0.085 <0013 0.282 NS 0.125 273

Lake 36 Baes Fillst 0.0004 £.005 0.005a 0.0085 - <0.01 0.005 a5
Bats Whols NS 0.026 0.0034 0.203 Ne 0.114 3/3
Catfigh Fillst 0.0014 NS 0.0164 0.012a <0.01 0.010 =T

1 Catfish Whala NS NS 0.004a 1.863 NS 0.933 242
Crapple Cakee a.0182 0.044 0.02ta NS NS o628 313

Crappie Fillet 0.0013 NS 0.614a 0.005a NS 0.007 s

Crappie Whols NS NG . 0.009a 0.075a NS 0.042 242

Sunfish Cakes 0129 <0.30 0.204 NS <0.01 0122 214

Sunfieh Fillat 0.0088 0.022 .029a 0.041 «0.01 0.021 af5

Surifish Whols NS 0.423 0.351 0523 ™ 0.434 Y

Carp Fillet NS 0,032 NS NS e 0.032 11

Femume Osaga Siough Bams Fllat 0002 2005 NS NS <D.lf}l1 0.003 23
Baes Whals NS NS 0.005a NS NS 0.005 11

Buffalo Whala NS 0.002 NS NS NS 0.002 11

E
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TABLE 3-1 Average Uranium Concentrations {pCi/g) in Fish Sampled 1987 - 1293 {Continued}

Monitaring Locations i 19901988
Femmea Oaage Slough Huffala Flllex 151 NS HS NS =001 0,01 a1
[Contlnuacd)
Carp Fillet Q.co017 00045 NS NS <001 0.004 23
Carp Wheie .NS 0.21 0.003a NS HE 2,106 212 ﬂ
Catfigh Fillat NS NS <0003 NS NS <0003 oM
Catfieh Whole NS G2 G 005a NZ N 0062 2/2
5 Cragpie Cakes 0.0046 NS 0.010a S <ani}  0.006 2/a
Crappie Allst NS NE 0.004a NE =001 0.004 112
Crappie Whola NE NS 0.002a HE NS 0.002 11
Sunfieh Cakas NS NS 0.05a .
Sunfish Whole NS 0.006 0,032
BACKGROUND LOCATIONS . .-
| Lakas 323 Bams Fillat 0.0001 {ﬂ.;’;ﬂ' 0.003a
.Bass Whole HS 0.0024 0.002n
Carp Fillet NS 0.0004 0.002a
Carp YWhole NS D.0047 <0,003
Cartfigh Fllet 0,000t 0.0014 NE
Catfish Whole NS 0.015 NS
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TABLE 3-1 Average Uranium Concentrations {pCi/g} in Fish Sampled 1987 - 1993 (Continued)

&-Yoar
Maonitoring Locations 12&80/1989 Avarage

Lake 33 {Continuad} Crappi= Whols
Crappie Fillat ﬂ,ﬂﬂ-ﬁi WS C.003a NS NS Q.0016 212 -E

Crapple Cakes NS 0.3 0.002a NS NS _'u.u?a 12

Supfieh Cakes 0.0007 0.001T <0008 : NS NS 0.0014 273

Sunfieh Fillag MS NS =0.003 N5 NS <0.B03 on

Sunfieh Whole ] 0.002 0.004a NG NS 00028 2&

| Lake 37 Bases Fillet N5 0.001 < 0.003 =0.003 =0.02 Q.004 1/4

. Bagz Whole [ 0.0024 0.007a =0.003 NS 0.004 2/a

Catfigh Fillet NS 0.0004 NS 0.003a NG T L0062 242

Catfish Whole e NS 0.003a 0.313a NS 0.o08 212

Sunfieh Cakes NS NS 0.002a NS =021 2.004 1/2

Bunfigh Fillet . NG NS 0.0038 <0003 0.8 ‘0.003 1/a

Bunfieh Whola Q.00 Q.009a 0,003 NS 0.004 zf3

Valuss represant U-234,0-235 and U-238 oonoentrations.
a Inzlydes non-detact concentration

N5 Mo sampla
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detected) to 0.045 pCifg. The highest 5-year average uranium concentrations in Busch Lake 35
were whole catfish samples at 0.197 pCi/g and whole sunfish samples at 0.125 pCi/g, which is
-approximately five times less than the highest concentrations found in Lake 36. The maximum
5-year concentration for uranium in Lake 34 -was whole sunfish at 0.032.pCi/g... .This is.a.153-
- fold difference-in concentrations found in Lake 34 as compared to-Lake 36. -The-highest 5-year

-average background concentrations found in Lake 33 and Lake 37 were 0.076 pCi/g and.0.008.
. pCifg respectively.  These concentrations are higher than reported in:previous years and-can. be
attributad to higher detaction Limits (0.1 pCi/g) in 1992, Tranium concentrations found in fish
samples from the Femme Osage Slough ranged from 0,003 pCi/g to a high of 0.21 pCi/g in
whole carp samples.

Noan-detectable concentrations were reported for 42 of the 167 samples (25.1%) taken
from 1987 fo 1993. Of the total number of samples collected in each lake, the non-detect
samples were 42% of all samples collected from Lake 37; 26% from Femme Osage Slough;
36% from Lake 34; 19% from Lake 35; 21% from Lake 33; and 14% from Lake 36.

The most non-detect samples were reported in 1987, when detection limits ranged from

-0.01 pCi/g to 0.1 pCifg. Of all non-detect samples, half (21} were collecied in 1987, The

remaining non-detect samples were reported in the earlier sampling periods: eight in 1989/1990;

ning in 1991; four in 1992; and none in 1993. Detection limits have been drastically reduced
since 1987 and were reported at ¢.0001 pCi/g in 1993, '

Statistical significance of fish data from 1987 - 1993 was tested and a second review
using 1989 --1993 data was done using. the Kruskal-Wallis test. -Kruskal-Wallis is a.one-way,
non-parametric analysis of variance test that was selected to test data of small sample size, The
tested assumptions included uraninm concentrations in all fish, wranium concentrations in specific
species, and uranium concentrations in sample types. The assumption, or null hypothesis, is that

uranium concentrations in- fish- (by- species, by sample type) from.Lakes 34, 35, 36, Femme.

Osage Slough, and Frog Pond have the same mean concentration of uranium as the background
Lakes 33 and 37. H the resuits of the Kruskal-Wallis test show that the lakes differed, multiple
comparisons were conducted to define which lake was. signficantly different (Ref. 15). .. ...

Results of the multiple comparisons of the significant Kruskal-Wallis analyses are shown
in Appendix B. Significant differences in uranium concentrations {95% confidence interval)
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were shown for Lakes 35 and 36, as compared to background (Table B-1 and B-5). In a species
comparison, sunfish were found to have significantly higher uranium concentrations, in Lakes 35
- and 36 (Table B-2and B-6). In the comparison-of nuranium concentrations by sample type, a

- »significant difference -was found.for each of-the. sample-types;-fillet,=whaole..and -fisheake:

(Table B-3 and B-7) for Lakes 35 and-36. -This is attributableto the sunfish. species.(Table B-4
“and B-8). No other species was-found to be signficantly-different from background by-sample
type or lake. '

Statistical analysis of the fish data using only detectable cencentrations resalted in
conclusions similiar to those reported for statistical analysis using all data values. The only
major exception was statistically significani uranium concentrations in fish from the Femme
Osage Slough when compared to background levels. Statistical analysis was also conducted to
determine if species or sample types may be different in study lakes and background lakes.
These tests compared uranivm concentrations in study and background by species, sample type,
and sampling year, These tests found significantly higher uranium concentrations in crappie
from Lake 36, and the 1989/1990 vranium concentrations in the study lakes were not found to
be significantly higher when compared to background lakes. In both of these cases, some of
the background lakes datasets were small (1-4 samples), and as a result, affect the strength of
the analyses. '

Ovenall, including non-detectable concentrations in the statistical analyses and using ones.
half detection limits as representative values for non-detect concentrations. does not - radically:
affect the outcome of the analysis. In general, nen-detect concentrations will become a smaller
- percentage of the total number. of samples due to the availability of lower detection limits. It
may be appropriate to eliminate the samples taken in 1987 from future analyses of data due to
the high detection limits and high percentage of non-detects (50%) overall. As shown in
Tables B-1 through B-8, the exclusion of 1987 does not affect the tests” results.

31.1.2 Radium and Thorium. Results of Ra-226, Th-230, and Th-232 analysis
for fish samples in 1987 are shown in Table A-4 of Appendix A. . All samples analyzed were
sunfish fishcake samples, except-for Busch Lake 36 where.catfish filtet samples were analyzed
and for Femme Osage Slough samples where crappie fishcakes were used. - In all samples, no
radivm or thorium concentrations were found above the -detection limits ranging from
0.003 pCi/g to 0.7 pCi/g. No further sampling has been conducted since 1987, based on the
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lack of detectable concentrations of radivm and thorium found in off-site surface waters (Ref. 1),
the low exposure potential at off-site locations (Ref. 1), and the results of this 1987 fish
sampling.

1.1.2 Polychlorinated Biphenyls

_ Table A-5 in Appendix: A presents. the.results of PCBs analysis from the mixed.species
composites sampled in 1987. One composite sample was analyzed for each of Lakes 34, 35,
36, and 37. All samples were composite fillet samples of bass, sunfish, and crappie, when
available. No PCBs were detected in any of the four compesite sampies analyzed for these
parameters with detection limits of 0.04 to 0.06 xg/g (ppm). The detection limits were within
accepiable and standard analytical levels for PCBs. No further sampling has been conducted
gince 1987, based upon no detectable concentrations of PCBs found in off-site surface waters,
the low exposure potential at off-site locations, and the results of this 1987 fish sampling.

3.1.3 Metals

Table 3-2 presents the results of the metals analyses from 1987 for mixed species
composites from Lakes 34, 35, 36, and background Lake 37. Detection limits for each metal
are listad in Table 3-2, Metals detecied in fish samples included arsenic, calcium, chromiym,
wosdron; - lead, - mangangse. . Mercury;--potassium, - -sodinm, - thallium, .-and-. zinc......-Detectable:
concentrations of metals (calcium [Ca], potassium [K], and sodium [Na}} were expected because
these metals are essential constituents of living tissues. Variations in levels of these elements
in tissues are not considered indicative of environmental problems, .

Results of the 1987 Weldon Spring site stady were reviewed by the Agency for Toxic
Substances and Disease Registery and arsenic, lead, and mercury were determined io be a
potential human health risk for subsistence fishermen at the levels. detected from the Weldon
Spring site study (Mellard, Appendiz C). Additional review-of these levels was-conducted.by
the Missouri Department of Health (MDOH) in 1990, The MDOH stated that subsistence
fisherman would concentrate on catfish and fish at "put-and-take"-lakes managed for that purpose
(Schmidt, Appendix C). Lakes 34, 35, and 36 at the Busch Conservation Area are not managed
as "put and take" lakes. Therefore, based upon the determinations made by the ASTDR and the
MDOH, the DOE did not conduct routine sampling for metals.
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Additional fish samples were available in 1992 and 1993 -and were analyzed for the
- metals under surveillance monitoring. Table 3-3 shows the results of additional 1992 and 1093
-~ metals analysis:. ‘Fish-samples for the mercury analysis-excegded-analytical holding times, and
are therefore considered of limited quality. : o,

'The highest arsenic concentration detected:in the study lakes was in sunfish fillet.samples
- inLake 36 at 0.19 pgfg in:1992. - Detection limits ranged from (.046 ug/s t0:3.4 ug/g.doe-t¢
variations in the amount of sample for analysis. Lead was found at low Ievels overall in most
fish from both the study and background lakes ranging from <0.023 xg/g to 1.5 ppig. The
highest lead concentration was found in the Femme Osage Slough at 3.9 pgfe, although all other
samples from the Femme Osage Slough were detected below 0.35 ug/e.

Al4 Quality Assurance Samples

Approximately 32 fish samples were taken as guality assurance samples, representing
16% of all fish collected for biouptake analysis over the past several years. These field
duplicate samples are independent samples collected at the same time and point. These
duplicates are wseful in documenting the precision of the sampling process (Ref, 16). Al field
duplicate samples were collected at the same time as the routine samples and all were prepaned
and analyzed under the same methods, The field duplicates collected for the fish sampling were

* - analyzed:for radiological and metals parameters..

The relative percent difference is calculated for. field. duplicate sample set and routine
sarnple set to test the precition of data. Precision is-a measure. of the agreement ameng. a set
of replicate data and is estimated by the means of the dataset (Ref, 16). The relative percent
difference (RPD) is calculated as:
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TABLE 3-2 Metals Results for Mixed Fish Species Composite* Fillet Samples, 1987

Concantration [ugig)

Sample Lacation Al Sh As Bo Bse Cd Ca Cr Co Cu Fe Ph LI ¥a Wn Hg M K S Ag HNmo n WZn

Lakg 34 ND HND HND NO HND HND 1080 298 NDO HD 242 40 NO ND ND Q.27 NG 3120 ND ND NP HND NG 123
Laks 35 3.27 ND 126 58 ND ND 38852 WD HND 050 D7 ND ND 2348 21 0.24 NI 2686 ND HND — 94 HD 3244
Lake 36 MO NO NO ND HD ND HND ND NP HD 1.7 42 ND NO WD 06 NI 3530 ND HND G510 ND ND 8.5
Loke 37 276 NO 132 681 ND WD 887 NO ND 022 4839 NO ND 2954 D60 023 ND 3423 ND ND - 4% ND 113

Gat. Limits 20 E 1 20 0.5 06 &0 1 <] 2 10 0B 5 &S00 1.6 Q.1 4 60O 08 1 BOO © 1 L z

N Mot Dotactad
-- Analysis not perfermed

* Spacias Compaosiiad: Lake 24; 4 basw, § sunfish; Lake 35: 2 baes, 2 sunfish, 2 orappie; Lake 368: 2 bass, 4 sunfieh, & crappis; Lake 37: 1 bage, 2 sunilsh, 4 crappie.
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TABLE 3-3 Concentration of Metals (ug/g) in Fish

Avrsanlc

Lmad I Marcury |

tipn Spacias 1332
* Famimas Osags Slough Crappia Cakog

' Reas Fillt <0.49
Cam Fillat <0048
Sunfieh Whole <2.0
Catfieh Whala <0.048
Buffata Whaole «<1.3
Camp Whale <34

LAKE 24 Crappie Cakee
Sunfish Cokes <190
Baes Flilot <048
Catfiah Fillet =050
Sunftah Fillat <340
Sunfizsh Whole <048
Catflah Whols <. 4B
Bagx Whale <200

LAKE 35 Crappie Cakea = 0.48
Sunfieh Cakes <48
Catfish Fillat <0.0Z0
Crappie Fillet
Basay Flllst <3.40
Bunfleh Whala =05
Crappie YWhole < Z.00

S Bass Whale ) <0.48

LAKE 26 Cropphs Cakes -+~ -
Sunflah Cakmn <048
Catflsh Flilet
Eaer Fillet <0.048
Crappia Flllst
Carp Filiat <0046
Sunfieh Fillat 0,19
Baae Wholo <0.048
Sunfish Whols «<0.086

LAKE 338 Sunfigh Caken <0.49
Crappla Cakma «0.048
Catfish Fillat <0.5
Crappie Fillet
Carp Fillat <0.5
Bass Fllat <33
Sunfieh Whole <05
Catfigh Whole <045
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TABLE 3-3 Concentration of Metals {¢g/g) in Fish {Continued}
Argenic Load Mercury
e ocEOR mspogice | N | e | 992 Tee% | e
Laka 32 # [Consinued) Carp Whala S =048 ] 1.1 ne N ]
Boar Ywhale =0.048 ne Q.073 RE ns
Crappis Whaols <048 ) ne .21 ns 1)
LAKE 37 ' Catfieh Rillet = 0.048° ne <0048 ng e
’ Baas Flist <0.048 na <0048 ra na
Boge ¥Yvheole =0.045 ne .14 ne e
Sunflah Whala <1.90° ne 1.4 n& ng
ne Ho eample
* Analytical holding times excesdad
- Background Locations
RPD = |DU-RS | /(DU + RS)/2) * 100
where DU = field duplicate and RS = routine sample. Table A-6 in Appendix A shows the
comparison and BEPD value results.
An RPD value of less than or equal to 35 for metals and 50 for radiological (solids) is
“‘F.'l

eonsidered. an :acceptable tolerance:range; for.these: compounds: (Procedure. ES&H:4.2.1). -:As.

shown in Table A-6, approximately 40% of the sample set RPDs are within the tolerance range
for metals, and about 38% are within the tolerance range for radionuclides. This indicates a

- great deal of variability within the concentrations of contaminants in-fish samples at these low

detection limits. These RPDs are adequate to support a qualitative assessment of biouptake.

12  Waterfowl

Five individvals were collected during waterfowl sampling in October 1990, These
mcluded three wood ducks, one mallard, and one Canada goose.- Table A-7 in Appendix A lists
the results of the radionuclides analysis.

Overall, low levels of specific radionuclides were detected in all samples, akhough
radionuclides were found primarily in organ samples. Ra-226 was found ranging from
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0.006 pCi/g to 0.028 pCi/g in organ samples. Ra-226 was detected as 0.001 pCi/g in two tissue
samples. Ra-228 was detected in two samples at §0.019 pCi/g {tissue) and 0,030 pCi/g (organ),
respectively. Th-230 was found in organ samples -at concentrations of 0,087 pCi/g to

. "o oD.48%.pCilg: Tissue samples for Th-230 ranged from:not detected to 0.014.pCi/g.... Uranivim
iozoswas: found in concentrations ranging fram < 0,001-pCi g 00,005 pCi/g in tissua:samples;tp

-0.334 pCi/g in the organ samples. No significant differences were found between-radionuclide
-“concentrations and sample type, or by species.

3.3  Small Mammals

In 1987-1988, eight rabbits and three squirrels were collected from the Ash Pond area,
three rabbits from among buildings at the Weldon Spring Chemical Plant, and two rabbits from
around the Imhoff Tank drainage in the southeast portion of the chemical plant. Three squirtels
were collected from the Frog Pond area. No samples were collected from trapping conducted
at the quarry pond area. Table A-8 in Appendix A presenis the results of radiological analyses
for these samples. In all samples, no radiological contaminants were detected at the lower limits
of detection, which ranged from 0.01 pCi/g to 1.00 pCi/g. Detection Limits vaned due to the
amount of sample available for analysis.

3.4 Large Mammals

oo Ac-total- of: six- deer were ahalyzed. in -1991-and<1992, .- Thyee .of.the:dest were-from:
accidental deaths at the chemical plant area and three were from roadkills and hunter donations.
Results of the metals analysis are shown in Table 3-4-and the radiological analyses are shown
in Table 3-5.

Due to the limited availability of tissue samples, only one muscle sample was analyzed
for metals and one replicate tissue sample was taken from the same deer. Overall, most metals
were not detected in tissue samples. As shown.in Table 3-4, barium, chromium, and zinc were
detected in both the tissue and replicate tissue samples.
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RADIOLOGICAL AND CHEWICAL UPTAKE IN GAME SPECIES AT THE WELDON SPRING SITE

TABLE 3-4 Results of Meatals Analysis in Deer Tissue Samples {ug/l) from 1992

Laad

Arganic Barium  Cadmium Chromium

Highway 24
S1. Charlaz

.- Rephosts:

<247 | <0007 | 40026 | <0078 17.4
=047 «0.007 | =0.027 | <0078 17.0

MaA, MA, NA 2.3
S S ———

* - Andlytinsl laboratory blank quakity sesyrance sample-ywes contaminated and ae a-result, detactad concantrations of
chramium in ssue sample was not oonfirmed, ’
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TABLE 3-5 Radionuclide Concentrations in White-Tail Desr from the Weldon Spring Chemical Plant (pCi/g wet weight}

—— - — — —
) : Tatal
Locatlon Sarmple Type | Ra-226 Ra-2Z2 Th-228 Th-230 . Th-23Z lJraniarm
Chemical Flant Ribs 0088 0.123 <0QHEE 0.707 - <f.018 0.016
MSA baein . }
Anters 00568 0.063 O.360 0.062 <0024 = 0.008
Kldnay <0001 0.028 <0.169 <0.045 <0.025 <0.001
Heart <0001 <0.003 <0.006 0.005 <0.001 0.001
Bone 0.136 <0.104 0.801 2.48 0.374 0.118
Liver £0.001 <0002 0.007 | eoos <0.001 <0,001
Musdle <0.001 <0.002 «0.006 0.002 <0.001 <0.001 -
Chemical Plant Bone 290 . 1.28 0.51 < 0.00%2 <0011 0.026
Frog Pond Draltiage
Chemioal Plant Stormach <0.14 <035 0.019 0.007 0.008 0.043 .
Marth Durmng -,
Baone 0.78 . 0.94 0.07 < {).003 <.009 D028
Drgana <0.30 <1.04 0.012 0.014 0.013 0.023
Highway 24, 5t. Charles Bone 1.20 «1.24 a.123 0.0026 <l':fi.ﬁ"| 5 D.008
Muscls <0.10 <0.29 <0.004 <0.003 <0.004 £.003
Background: Drgans <022 <70 <0114 0.006 < 0,009 o0
Hunter Donatian . : . . )
5t. Charlea County
| Backgrourd: Bona <0.34 <1.08 0.065 <0.009 <0.024 0.005
i Hunter Donation . .
N Macon County -
_____ s ———— e - ——————————— ..

3 K
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The relative percent difference was lngh for barium at 59.8 and may be indicative of poor
laboratory precision, poor field precision, or poor sample homogeneity, The replicate tissue
sample was taken from the same deer and tissue portion, so it is more likely to be attributable

¢ .0 . :lito poor laburatory precision, - ‘The RPD for zinc was acceptable at-2:9.:..Chromium was. alse
S © - detected in the laboratory blank, and therefore, the samples were-rejected for use. - - -0 -

- ‘Concentrations of radionuclides were primarily found-in bone-and organ samples: -The
highest concentration found in all samples was in bone from the Frog Pond drainage at
2.90 pCi/g for Ra-226, and Ra-228 was 1.28 pCi/g. The highest concentrations of Th-230 were
found in bone samples from < 0.003 pCi/g to 2.48 pCi/g. Uranium concentrations ranged from
the detection limit (<0.001 pCi/g) to 0.1I8 pCi/g in bone, organ, and intestine samples,
Radionuclide concentrations ranged from not detected to 0.002 pCifg in tissue samples. Ra-226
and Ra-228 concentrations were found in bone, antler, and intestine samples ranging from not
detected at 0.001 pCifg to 0.260 pCi/g. These higher concentrations in bone samples are
expected since uranium, thorium, and radium are considered bone-seekers.
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4 DATA INTERPRETATIGN

Elevated levels of contaminants in the environment must be examined to distinguish

s . whiether these contanitimunis:are present and-accumulating in-biota, to detesmine. the significance.
" of these concentrations; -and the potential dose to humans-from . consumption- of -the-bigta. -t

7 conjunction with sampling conducted by the US:.Department of Energy (DOE) for the Weldon

- Spring site, other Federal and State agencies-have sampled-biota as part of public. health:stdies:
" This data.will be included .in the-discussion for. comparison, and to assist in making conclusions

about the safety of human consumption of biota exposed to contaminants from the Weldon
Spring site. The risks associated with consumption of biota from the surrounding area are
presented in the Baseline Assessment (BA) for The Weldon Spring Chemical Plant (Ref. 1), The
BA is the decision-making document that guides remedial action decisions for cleanup of
contaminant source areas of the Weldon Spring Site Chemical Plant area.

4,1 Significance and Comparative Review of Data

Federal and State agency imvestigations have examined the extent and level of
contamination of environmental media at the Weldon Spring site and at off-site locations, In
some cases, the data have shown slight differences in concentrations of confaminanis in biotic
tissue. In other comparisons, the resulting data has shown a significant conflict in- the
concentrations of various contaminanis, A review of these data as compared to the results of
the ‘Weldon- Spring site study is presented here. : : T I.

4,1,1 Radionuclides

In 1977, Ryckman/Edgerley/Tomlinson & Associates (RETA) conducted an extensive.
study on the presence and concentration of contaminants in a variety of flora and fauna from
ponds located at the chemical plant area (Ref. 17), In five different scenarios, RETA compared
the concentrations of radionuclides detected in various biota samples from Frog Pond, Ash Pond,
and a background location. The Category 3 comparison (Ref. 17) is the most similiar data
review to the Weldon Spring site biowptake program. - It is a comparison of contaminant levels.
in similar biota or organs from different sites to determine levels-of uptake, No assessment of
human risk was made by RETA from consumption of contaminated biota.
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RETA found low, but detectable concentrations of urardum in invertebrates, the roots of
aquatic plants, frogs, and the intestines of raccoons. No waterfow] were sampled for the RETA
study. One detectable nzaninm concentration was found in a frog skeleton at two times the

- poncentration found in‘water.” No detectable uraninm or'significant:difference.in concentrations
* was found for mammal bone samples. . . Ustniwm and thoriom- were:found 1o -be-concentrated-in
| Cbrgat-samples.- Th-232 was found. in-inveriebrate:samples-and i one muskrat-skeletonssample
-from:the Weldon Spring.site. Ra-226-was:detected: in-chernical plant samples-taken by RETA,.

but no- sighificant difference was-observed for radium in-mammal bone and organ.samples iaken
from the Weldon Spring site as compared to background samples (Ref. 17). Low levels of
uranium and Ra-226 were found in whole fish samples taken by RETA. In comparison, ne
detectable concentrations were found in the 1987 fish sampling conducted by the DOE (refer to
Tabie 3-1).

In 1984, the Missouri Department of Conservation (MDC) conducted a radiological
survey of fish from background lakes and Busch Lakes with elevated levels of radionuctides,
The MDC study found low levels of radiological contaminants in fish from the Busch lakes and
from the Femme Osage Slough (deRoos,. Appendix C). MDC detected uranium concentrations
in fish from 0.002 pCi/g to .06 pCi/g.

The variations in reported results from the three studies prompted independent review by
the DOR to address the inconmsistencies in the reported results. The findings of this review are

- sonimarized-in the-document by:Sehlenketentitled: Comparative. Review of Studies.on-thelptale

of Radioactive Contaminants by Biota ai the Weldon Spring Site, Weldon Spring, Missouri
(Ref. 18), The report indicates that disparities that seemed evident in direct comparison of the
data results reported from each study, were actually insufficient to prove-disagreement between
the studies. In some cases, once the data were "adjusted for the differences in methods, the data
between the RETA study and Weldon Spring site study were comparable” {Ref, 18),

The differences found between resulis of each. study were attributed to differences.in
sample preparation, -detection limits, and- reporting -units --(ash-+vs. -wet weight). - Some
modifications in the Weldon Spring site fish biouptake program were made since the comparative
review.  These modifications include sampling of whole.fish- as well as fillet and.analysis of
specific uranium isotopes in addition to total uranium.
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Listed in Table 4-1 is a data cmnp;arisnn between - the uranium concentration reported
from the RETA 1977 study and the stady results from the Weldon Spring site since 1987 under
| the more recent site sampling methods. Total uraninm concentrations in. fish from 1987-1993
T were ‘averaged and ‘compared-to.the RETA results.of U-235.-4be-only-Tadienuclide available:faz
sl ey Spgompdrison;, Tn-addition:: a second-camparison-for U-235-was:madewusingsthe. 1989-199data
e where specific. nranium- Sotopes -wereranalyzed, -In-both -comparisons, - the resnlts-indicater that,
" whileno:detectable concentrations were reported from RETA and detectable concentrations were
© o founid-forithe Weldon ‘Springsite-data,. the ‘Weldon:Spring: site vatues. for most: data-were-below.
the detection limits set by the RETA study. As concluded by Schlenker in the comparative study
(Ref. 18) and supported by this second review, the Weldon Spring site data as compared to the
RETA study only further indicate that the RETA data is of little use today for analysis of
presence or trends in radionuclides accumulation since detection limits are too high. Schienker
{Ref. 18) concludes that “apparent errors.in the RETA data, are serious enough to question the

accuracy of the entire study."

A review of the MDC 1984 study and Weldon Spring site results from 1987 was also
conducted by Schlenker: Previously, the 1987 Weldon Spring site results contradicted the MDC
resitlts. MDC reported detectable concentrations, and the Weldon Spring site reported no
detectable concentrations of radionuclides. Schenkler (Ref. 18) attributed the differences to
sampling methodologies and of those samples that conld be compared, (similar species and
sample type), the concentrations were found to be comparable.

The 1984 MDC data is shown in Table 4-2 compared to data collected by the Weldon
Spring site under the new sampling methods as a part-of this report. Total uranium
concentrations in fish from 1987-1993 were averaged and compared to the total nraninm. results
modified and presented by Schenkler (Ref. 18). The comparison of data indicates that both
studies find detectable concentrations of uranium in fish and the concentrations found are similar,

A biouptake stody of fish in the Femme Osage Slough was conducted in 1980 by National
Lead of Ohio, Inc. {(NL(Q) under the DOE Monitoring Program for 1979 and 1980 (Ref. 19).
This study was conducted prior to the opening of the area as the Weldon Spring Conservation
Area (WSCA) in June of 1980. MDC personnel assisted NLO with collection of fish from the
slough. - All samples were analyzed for total uraniunt.
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TABLE 4-1

1993 Weldon Spring Site Ramadizl Action Project (WSSRAF)

Location/Specios”

‘Frag Fand Sunfieh

Comparison of Uranium (pCifg) in Fish 1977 RETA Study vs, 1987 -

WISHRAFP RETA . ﬂ

<0,1

Total
Uranium

- =036 - <070

Uranium

Lake 35 Sunfish . 8.118 . | 0.00 . ol oera-x2a
Lake 36 Bass 0.002 0,02 <3.3- < 6.5
Lake 36 Bunfish 0.423 0 .022 <0.48 - <095

Leke 3E Bass

* WSESRAP and RETA data for whole fieh eamplag.

=0.980 -<0.11

#& | .235 oonosntrations may be higher dus to fewsr rurmbar of samples analyzed for sotopic uranium.

TABLE 4-2 Comparison of Total Uranivm (pCi/g) Concantration in Fish, 1984 MDC
and 1987 - 1993 WS5RAP

Location/Species

WSSRAP Study

MOC Study

Lake 35 Cathah Allat G.010 O.002
Laks 25 Bmes Fillat 0021 0.006
Lake 356 Catfish Fillat 0.010 0.007 I

Lake 36 Basw Fillat

Famme Deage Sough Carp Fillet
|| Famme Osage Slough Crappie Fishoakes

— ————————— —_ ___

Mata: For compariaon propose theae uraniurm valuaa for WSSRAP do not include isotopio uranium,

Results of the 1980 NLO study are shown in Table 4-3. The NLO study found low,
detectable concentrations of uraniom in whole body fish samples (0.057 - 8.073 pCi/g} and NLO .
found no detectable concentrations of radionuclides in fillet samples for buffalo and carp. The
current Weldon Spring site data set (samples collected from [987 to 1993) from the Femme
Osape Slough concur with the NLG results,
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TABLE 4-3 Comparison of Total Uranium Concentrations, Femme Osage Slough
pCi/g wet waight

NLO, 1932

WSSRAP 19871353
Buffalo Fillat . . <014 . . o=0.0]
Buffalo Whole . 0.087 0.002
Carp Fllet £0.0007
Cam Whola : 0.073

4.1.2 Metals

In 1987, fish were analyzed for metals by the Weldon Spring Site Remedial Action.
Project (WSSRAP) and arsenic, chromivm, lead, mercury, thallium, and zinc were detected.-
In 1989, the MDC sampled fish from Busch Lakes 33, 36, and 37 for lead, cadmium, mercury,
and arsenic in response to potential human health concerns expressed by the Agency for Toxic
Substance and Disease Registry (ATSDR) based on the DOE findings, No justification has been
provided for not including Lake 34 in the sampling program, although the levels found in
Lake 34 in the 1987 Weldon Spring site study were below the levels found in the other study
lakes. Cadminm was analyzed in fish as a result of findings presented in the Remedial
Investigation (RI) of the Weldon Spring Training Area as part of the cleanup process for the

- - 11.8. Department of the Armny (Eotz, Appendix C). Cadmivm was not-detected-in-the 193%

Weldon Spring site study,

The MDC resolts from 1989 are presented in Table A-10. Lead concentraiions in fish
from Lake 35, Lake 36, and Lake 37 were found manging from <0.01 ug/g to 0.119 ug/e.
These concentrations were significantly lower than those originally reported for the 1987 Weldon
Spring site study, The MDC also performed mercury analysis on fish in the 1989 study. The
results indicated a deteciable level of mercury in fish ranging from 0.006 pg/g to 0.07 ug/e,
which is approximately a twenty-fold reduction in the measured concentration in fish from the
1987 Weldon Spring study. Arsenic levels were also significantly less.

In 1991, sediment sampling of Lake 36 was conducied by the Department of the Army

~ a8 part of their RI-for the Weldor-Spring Ordnance Works, - Elevated-lgvels.of arsenic, barinm,
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chromium, and lead were detected in the sediments. As a result, the 1J.5. BEnvironmental
Protection Agency (EPA) sampled fish in June of 1992 for these metals (Reitinger, Appendix C).
These results are shown in Tabie A-11 of Appendix.A. When detection limits from the
- June. 1992 sampling-were not.low enough, the BPA was required to resample fish in the Busch
" Lakes . in ~October 1992, and to analyze -them- for:lead; :arsenic w-and mercury: (delland;
. Appendix C). . Analysis. was not performed for chromium and- barinm.. . Results from- the
- 'resampling. are.also shown in-Table :A-11 of Appendix A. . _ et e e

Analytical results of the studies by the EPA, the MDC and the Weldon Spring site for
metals in fish at the August A. Busch Memorial Conservation Area were tabulated and are
compared by both species and lake in Table 4-4. Mercury results are presented and compared,
although holding times were exceeded by Weldon Spring site analytical laboratories and are of
limited guality.

The results for all studies are comparable. The only significant difference in the data in
the Weldon Spring site study as compared to the MDC study is a higher lead concentration in
whole sunfish samples from Lake 37 (1.4 xg/g vs. 0,063 xg/g). In general, the MDC study had
lower detection limits than either the BPA or the Weldon Spring site study.

4.2 Bioaccumulation

A - bioaccumulation:--factar. : (BF}. is--an expression-.of. the. petential ..concentration:.of
radionuclides in hiota caused by contaminated soil, sediment, or water. BFs are the ratio of the
- concentration of uranjum in the biota to the concentration of uranium in the surface water.
Average surface water and fish -concentrations data were used to calculate BFs, which. are
presented in Table 4-5. Factors taken from the literature are typically used in human dose
caleulations {modeled) to characterize levels of radionuclides in biota, when actual concentrations
(measured) are not available, Gilbert (Ref. 20) lists the bicaccumulation factor for uranium. for
freshwater fish as 2.0, The National Council on Radiation Protection (NCRP} (Ref. 21) has
published values ranging from 0.5 to 38 for -BFs for specific-species.. No NCRP standard was
reported for catfish. The Gilbert-and NCRP values are used to calculate the internal radiation
dose to humans from consumption of fish when actual data are not available.
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TABLE 4-4 Comparison of Metals Data from Busch L.ake Fish Surveys

LakelSpacies Arsenic lwgigl LEAD {zgigi Mareury ea/n)
MOC MDC EPA MCOC EPA
1489 1989 1992 1388 1982

: Catfieh Filiat < 002

» Sunfigh Whola . = (.095"
: Catfish Fillat 3064

: Bass Whole < 040%
: Bage Filet 0.098

: Sundieh Fillet < 0.021
! Sunfish Whole = 1.90%
- Catflsh Fillet < 00482

" Whaidan Spring Site, 1982
ne no comparakle eample taken
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BFs are also a method by which to assess the validity of published bioaccummlation data
under specific  environmental conditions unigue - to each site. Variations in
bioaccumulationfactors are common since the species of fish and the chemistry of the water body
can differ widely from area to area. BFs were calculated for fish sampled by the Weldon Spring.
* site and were also compared to-the Gilbert and NCRP.standards (Table 4-5). . ...

The bicaccumulation factors calculated for the Weldon Spring site study indicate that all
- -fillet samples fall below- 2.0, the factor standard-published by Gilbert (Ref, 2().:-The fillet bass.

sample from Lake 35 was calculated to be 1,12 which was above the NCRP standard of 0.5 -
0.7. The BFs calculated for six whole body and fishcake samples from Lakes 35 and 36 were
above the Gilbert standards, These included whole sunfish and whole catfish samples from Lake
35 and whole sunfish, sunfish fishcakes, whole catfish, and whole bass samples from Lake 36.
- BFs calculated for sunfish were below the range of 0.5 to 38 set by NCRP for sunfish, The
highest BF catculated was 24.9 for whole catfish samples from Lake 36. This is likely since
catfish forage in the sediments of the lake and are more likely to ingest a greater amount of
contaminated sediment.

4.3 - Dose and Risk Assessment. .

The main objective of a biouptake program is to estimate dietary intake level or to
calculate dose to the public from consumption of biota. Concentrations from samples are taken,

. -« appripriate consumption seenarios-are developed;.and.a. dose or level is-determined. .JRegulator

agencies standardize the annual effective dose per year for radionuclides. Other nonradiological
contaminant limits are set by the FPA in the Federal Water Quality Criteria (Ref. 22) for
maximum contaminant levels for ingestion of aquatic organisms and by the U.S. Public Health
Service Food and Drug Administration (FDA) which provides typical dietary intake levels.

4.3.1 Radiological Compounds

Annual dose estimates-are calculated as part of DOE. 5400 monitoring. requirements. o
determine exposure levels to the general population from consuming fish from contaminated
lakes. The exposure scenario created to calculate dose was an individual who was maxirnally
exposed to contaminated water and fish from Lake 36 and to sediments from Lake 34. These
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TABLE 4-56 Comparison of Binaccumulation Factors for Uranium
Gilbart HCRP WESRAPF!
Araa Spacies'™ Bicaccumulation Factor Bloaccumulation Facter . - - Bicsccumulsation Factar.
Laka 24 Catfish f} 20 —ie L )
Catfish |w) 20 e 012
Crappie (f} 20 0.5-0,7 0.31
Crappia (¢} 2.0 0.6-0.7 014
LM Bass i} 2.0 0.5-0.7 0.23
LK Bace {w) a0 0.5-0.7 0.66
Sanfish (R 2.0 0,738 .18
Zunfieh {o) 2.0 0.7-38 .83
Sunfigh {wi 2.0 0.7-38 1.88
Lake 38 Sunfish (A 2.0 Q.7-38 0.64
Sunfleh [w) 2.0 0,738 6.8%
Crappia {f} 20 0.5-0.7 0.27
LM Basa {wi 2.0 0.5-0.7 075
Catfizh bw 2.0 _— 10.5
Cathah {1 2.0 —_ 0.59
LM Bage {f) 2.0 0.69.7 1.12
Surdish fob 2.0 0.7-38 1.86
Crappis [w) 2.0 0.59.7 0.80
Crappis i} 2.0 0.60.7 0.3z
Lake 36 LM Bans (f} 2.0 0,607 013
Sunfiah (f) 20 0.7-38 0.6&
Catfigh (f} 2.0 -— 0.27
Sunfish (&) 2.0 0.7-38 2.88
Sunfish {wi 2.0 0.7-38 11.6
Catfieh {wi 2.0 ———— 4.8
LM Bagw {w) 20 ¢.5-0.7 3.04
Crappie (¢} 20 ¢.5-0.7 Q.76
Crappie {f} 2.0 0.5-0.7 0,14
Crappie {wi 2.0 ¢.5-0.7 .12
Carg (f) 20 ——— 085"
Frog Pond Sunfizh (f} 20 0.7-38 .2l
Femime Ceage Slough LM Bagg [f) 2.0 0.8-0.7 0.08
Crappis (o] 2,0 0.5-0.7 016
LM Buffalo (f] 2.0 .7-28 0,13
Crappis (T} 2.0 0, 5-0.7 o1
Carp if} 20 e 4.1
LM Ease fw) 2.0 0.6.0.7 0.13
Sunfish {w} 2.0 0.7-38 o5t
Catfish {f 2.0 -—— 0,40
Catfish {wi 2.0 -— 1.85
Lk Buffala {wl 2.0 0.7-38 0,52
Sunfish {0) 2.0 0.7-38 0.1%
Carp {w} 2.0 anma 0.40
Crappia (w 2.0 G.5-0.7 Q.45

M | attar in {) indicetes fillats, whale, or fizhcaks (2] samples.
B Binacourmulation factor based on avwraga flah and surfaos water data,

Adoeptad from (Ref. 204 and (Ref. 21}
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locations were selected since the highest uranium concentration for each media was reported
- from these locations. The dose calculation assumes that the annual consumption rate of fish is
6.3 g/day and annual average catch is 12.3 fish. The calculation assumes 14,3 hours swimming

- - -in-the lakes and a .05 liter/hour. ingestion rate for a total -annual consumption of (.72 liters.

. The calculations also assumes a 200 mgiday sediment . ingestion rate- for .the. 14.3. hour.of
- swimming.for a.total of 120.mg-of sediment. .This scenario is.farther.presented. mﬂmﬁeﬁon
Spring Site Environmentql Report for-Calendar Year 1992 (Ref. 8). : :

The exposure scenario resulted in a total estimated committed effective dose of
0.07 mrem/year in 1991, 0.01 mrem/year in 1992, and (.03 mrem/vear in 1993 (Refs. 7, 8, and
23), The anmual allowable effective committed dose equivalent for a member of the general
population is 100 mrem/year. These limits are set by the National Council on Radiation
Protection. This recommendation is designed to lintit the exposure of members of the public to
reasonable levels of risk comparable with risks from other common sources (Ref. 10). The
0,01 mrem/vear and 0.07 mrem/vear exposure from consumption of fish is less than 1 % of the
allowable annual limits.

A second scenmario comsiders exposure to a smaller gmup of individuals with higher
consumption rates such as subsistence fisherman., Based upon the assumptions set in the first
scenaric and usage of the Busch arsa at once a week, the total swimming time would be
74.1 hours with a total annual ingestion rate of sediment of 618 mg/year and 3.7 liters of water
° per-year. A figsh-consumption- rate-of -39, 8-g/day -was used. . The total -estimated. committed
effective dose was calculated at 0,40 mrem/year in 1992 (Ref, 8).

The human health risk associated with ingesting fish from Lakes 34, 35, and 36 with
elevated levels of uranium was calculated under scenarios similar- to the previous dose
calculation. The risk was calculated to be 4 x 107 and is below the EPAs tarpet range for
unacceptable human risk levels (Ref, 1}, As a result of this assessment, no limits were placed
ot human consumption of fish from the Angust A. Busch Memorial Conservation Area.

As part of the Baseline Assessment for the Weldon Spring Chemical Plant, an estimated
dose was calculated (Ref. 1) for consumption of waterfowl from the Weldon Spring Chemical
Plant. One method used was defined as measured dose and used the concentrations . of
radionuclides found in the waterfowl flesh samples. The second method was a modeled tissue
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concentration in which components of dose ealculations included concentrations of contaminants
in plant tissues, soil, and surface water, which were expressed as bioaccumulation factors. . The
period of exposure for waterfowl was assumed to be 365 days. This is the maximum period for
use and is based on survey data that indicates that waterfow] do vse the pits on a year-round
basis (Ref. 1).

. The committed effective dose equivalent calculated for waterfow] tissue under the
" measured method was 0.19 mrem/year for'mallards and wood ducks and (.(49- mmmfyear for
Canada geese. The modeled tissue concentrations were 0.69 mrem/year for mallards and wood
ducks and 0.47 mrem/year for Canada geese (Ref. 1).

The estimated human health risk for consumption of waterfowl from the chemical plant
area of the Weldon Spring site was calculated as 5 x 10°° for U-238 in ducks. This value is only
one portion of the total risk calculated for human ingestion of game animals. In the Baseline
Assessment for the Weldon Spring Chemical Plant Area, game ingestion exposures were
calculated for a sportsman obtaining the maximum take for deer, turkey, duck, and geese in the
area (Ref. 1). The game ingestion radiological and chemical risk is calculated as 8 x 1077 and
4 x 108, respectively, which is below the EPA’s target risk range. Deer and tarkey ingestion
account for about 70% of this risk reflected by the higher ingestion rates assumed for these
animals {Ref. 1). No limits were placed on lmman consumption of waterfowl] from the Weldon
Spring site area as a tesult of this assessment.

Tn order to assess the dose to humans from consumption of deer tissug, a dose estimate
was calculated (Ref. 1). The main exposure poimts for deer on-site are ingestion of surface
water and soils, bat there is also potential for radionuclide accumulation in vegetation which is
consumed by the deer. Dermal absorption of surface scil from bedding in contaminated areas
is a low exposure potential, but inhalation of soils may be a larger exposure pathway due to
foraging behavior (Ref, 1). The modeled estimate again used soil and surface water
concentrations to establish a bivaccumulation factor for deer. The ingestion rate used was
1.5 kg/day of plant material, and vsage of area was estimated at 33% (Ref. 1). The measnred
dose was calculated using the concentrations of radionuclides- detected in.the deer sample. from
the material storage area basin as noted in Table 3-4.
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- . - The committed effective dose - equivalﬂnt. for the measured deer tissue was
(.57 mrem/year. The modeled estimate was 1.4 mrem/year (Ref. 1). Both values are
significantly low as compared to the annual altowable dose of 100 mrem/year,

. Human health risk calculations for radionuclides are presented in-Seotion 5. as a combined

=5 total health risk estimate - #Risk-estimatesdrom deer concentrations-foom the:Weldon. Spring, site.

result in a3 x 1077 risk (Ref. 1); which:ig-below the EPA target range: -As a.result, .no Limits
are placed on human consumption of <eer-in the Weldon Spring site area. - AU

4.3.2 Chemical Compounds

The FDA has developed daily intake limits and the EPA has developed the Reference
Dose (RfD) values io set guidelines for the protection of human health from contaminants in the
environment. In 1992, the baséline risk assessment for the chemical plant area determined that
concentrations of metals in surface waters and sediments at the Busch Lakes were not
attributable to chemical plant operation activities, based on the fact that similar concentrations
were also found at background lakes (Ref. 1). Prior to the baseline risk assessment, the Agency
for Toxic Substances and Disease Registry concluded from 1987 DOE sampling that arsenic,
mercury, and lead were metals of concern at the Busch Lakes. The following review is a
summary of human health intake reviews and activities conducted by the ATSDR, the EPA, the
MDC, and the DOE since the 1987 sampling,

4.3.2.1 Daily Intake Levels. As a result of the 1987 Weldon Spring site fish
sampling of the August A. Busch Memorial Conservation Area Lakes 34, 35, 36, and 37, the
EPA, as Superfund regulators, requesied that the ATSDR evaluate the fish-data for human health
concemns (Mellard, Appendix C). Using data results from the 1987 Weldon Spring site
sampling, the ATSDR calculated daily intake levels for mercury, lead, and arsenic. These levels
were compared to the FDA estimated typical daily intake levels, which were based on an
“average consumption rate of commercial fish for the typical.American-of 19 g/day (Mellard,
Appendix C). The FDA caleunlated the dietary- intake-of mereury-in the typical American.diet
to be 3.2 ugfday, of arsenic to be 46 ug/day and of lead-to be 57 ug/day (Mellard,
Appendix ). Sposts fishermen and subsistence fishermen are two subpopulations that may be
at increased risk since they are more likely to consume greater quantities of fish. The EPA 50th
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percentile rate for fish consumption is 39.8 g/day (Mellard, Appendix C). The ATSDR used
sports fishermen consumption rates to calculate weckly intake rates.

The ATSDR calculated the intake rate from Lakes 34, 35, 36, and 37, and found that the
- concentrations of mercory-would be 6 pg/day to 11. pg/day. - This intake was :determined toche

- = greater-than-the EPA’s maximum:contamEnant limit: (MCL.).of 2ugflbut iz simitar to the EPAls
- Rfd-for mercary is:0.158 ugikp/day, which-is equivalent-to an intake -of -1 ug/day (Mellard,
- Appendix C).  The ATSDR concluded:that for-sperts-fishermen (individuals consuming one-fish

meal per week), intake levels are below the EPA’s RFD for mercury gnd would appear to be
below levels that cause heglth effects (Mellard, Appendix C).

The intake rate of lead from consumption of fish from Lakes 34 and 36 (the only lakes
with detected lead levels in fish) was calculated by the ATSDR at 160 ug/day for - sports
fishermen. The ATSDR stated that this intake exceeded the EPA’s MCL of 50 ug/l for lead at
an intake of 100 pg/day using a 2 to I water consumption rate (Mellard, Appendix C).

The intake rate of arsenic from consumption of fish from Lakes 35 and 37 was calculated
at 550 pg/day, The ATSDR stated that this intake exceeded the EPA’s MCL of 50 ugfl, which
is equivalent to 100 pg/day (Mellard, Appendix C).

The ATSDR concluded from the review of the 1987 data, that there was no public health

e i eilireita o the ‘general pepulation thatcccassionally-consumed - fish from-Busch- Lakes:+=The

ATSDR did recommend that additional sampling be conducted to confirm the findings of the
1987 Weldon Spring site study and to protect sports fishermen and subsistence fishermen who
may be at increased risk (Mellard, Appendix C).

In 1989, the MDC resampled the Busch Conservation Lakes to obtain additional data and
requested that ATSDR review the 1989 data results for human health concerns (Dickneite
Appendix ), The MDC provided area use data which were used to calenlate daily take limits -
for the Busch Area. From-the use data, the ATSDR assumed that a subsistence fishermen woukd
fish 7 days per year, would specifically select catfish, and would consume 14 Ibfyear
(6,356 g/year) which equals a consumption rate of 17.4 g/day (Schmidt, Appendix C). This
value is less than half of the consumption rate (39.8 gm/day) previously used by ATSDR in
reviewing the 1987 Weldon Spring site data for determining intake rates,
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The ATSDR calculated the intake rate for subsistence fishermen-as 1.0 pg/day for lead,
0.5 pg/day forarsenic and 1,2 pg/day for mercury from fish taken at the Busch Lakes (Schaidt,
Appendix C). These levels, combined with the FDA’s daily intake limits (57 ug/day,
46 pglday, 3.2 pg/day), were below the EPA’s MCL of 100 gg/day for lead and arsenic and
the EPA’s Rfd of 11 ug/day for mercury.

The ATSDR concluded from this additional review, that there was not a significantly

\ i increased risk of adverse-health-effectsto.subsistence fishermen due to consumpéion of fish from

Busch Lakes 35, 36, and 37. The ATSDR did recommend that the MDC continus to conduct

routine sampling of fish for analysis and further characterization of subsistence fishing
populations (Schmidt, Appendix C).

Data results from the EPA sampling of Busch Lake 36 in 1992 (Section 4.1.2) found few
detectable concentrations of lead and mercury in fish samples. The EPA reported that these
samples were below harmful levels and subsistence fisherman are not expected to be affected
(Morby, Appendix C). ATSDR is reported to have concurred with the EPAs position on the
sample resulis (Reitinger, Appendix C).
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5 CONCLUSIONS

Potential risks for chemical and radiological exposures are assessed in terms of the

* increased probability that -an -individual will develop -cancer..over -the-course of a lifetime.

¢ - {Ref, 1). The U-S. Envimnmanta.l'Pmtection"Agency'-s(m'&}ahas‘idenﬁf'wd-a:.raﬂgc.ﬂf-_l.aulﬂ?ﬁ
L 1 % 107 for thie incremental-canicer 1isk:to. individuals-from exposuresatNational Prioritics
f o List (NPL) sites,  This range-is referred o as:the. target visk range (Ref: 1). -~ The curment
- - puidelinestunder  CompretensivesEnvironmental: Response; -Compensation-and Iiabifity.Act -
(CERCLA) for assessment of potential carcinogenic risk to humans by consumption of biota is
typically calculated using models. Risk calculations are prepared using measured soils, surface
waters, and sediment concentrations; estimated use of habitat and foraging behavior are
determined; and bicacoumulation factors are wsed to approximate risk to humans from
consumption of biota, If the modeled risk is above established target rates, sampling of biota

should then be conducted to measure actnal risk.

The availability of biotic data with which to prepare measured estimates of dose is not
typically available in the CERCLA process. In response to public concern about the surrounding
wildlife areas, sarmples were collected to determine concentrations of radionuclides in selected
game species. The modeled dose estimates were found to be greater by factors from 3 to 10 as

-compared to measured dose estimates. An explanation for this difference may be the highly
conservative assumptions made in the modeled dose calculations as compared to the unknowns

record of the duration of use of the habitats at Weldon Spring sit¢ by other game species. The
modeled data assumes year-round use, and the dose to humans is based upon this assumption.
Results show levels that are below those that would canse an unacceptable rigk to humans.

A total carcinogenic risk was calcolated from the modeled dose estimates. The risk
calculated for an avid sporisman assumed to hunt on site and fish in the August A: Busch
Memorial Conservation Area at Lakes 34, 35, and 3645 § x-107:(Ref, 1), The total radiclagical
~and chemical risks estimated for off-site-locations for & recreational visitor such as 4-spertsmen -
at Bosch Conservation Areas are within or below the. EPA target range. In the Remedial
Investigation jor the Chemical Plant Aren of the Weldon Spring Site (Ref. 5), no evidence was
found to attribute elevated metal concentrations found in Busch -Lake surface waters at the

- ‘Weldon Spring:site to previons uranium processing activities, and therefore,.risk calenlation for
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metals was not performed for ingestion of f‘ish in the Baseline Assessment for the Chemical Plant
Area of the Weldon Spring Site (Ref.1).

vt o - No additional monitoring. of biota will-be conducted at the-Weldon: Spring site-as.past:of

the routine environmental monitoring program, -except for.surveillance monitoring of fish at

. Busch'Lakes 34; 35, :and-36-and at the Fetnmes Osage:Slonghrinithe Weldom-Spring Coagervation
" Area. - Monitoring ‘of fish- for radiologicalzcompounds: will-continue- on-a surveillance-basis-to

© - gnsure-that fish ! from: thése+public- recreational-areas - will: continue te- be. safe. for. human
consumption. At 2 minimum, sarapling of fish will occur once every other year,

In addition to routine surveillance sampling, the annual surface water monitoring program
will be used to determine supplemental fish monitoring activities. The nature and extent of the
supplemental fish monitoring activities: will be based on radiological results from the surface
water monitoring conducted on a quarterly basis as part of the envirommental monitoring
program at the Weldon Spring site. Annual average concentrations of total uranium in surface
waters will be calculated and compared to the previous year’s averape. If statistically higher
concentrations of uranium are found in surface waters in-a year, biological monitoring of fish
at the respective lake will be conducted during the same fishing season. Fish sampling will
consist of specific game species, and only fishcake and fillet samples will be prepared. Results
of all future biological surveillance activities will be presented in site environmental reports.

g I sumimary, the-conclusions: and. anonitoring ‘recommendations.£rom:; the..biouptake:
program are:

* No significant biological uptake of radiological confaminants have been detected in
small mammals collected from the Weldon Spring site.

¢ No PCBs have been detected in off-site fish samples collected.

*  Biocaccumulation factors calculated using data from this study are within. published
ranges by Gilbert and the National Conncil on Radiation Protection (NCRP) except
for whole bass samples (10,5} from Lake 35 and whole. catfish {24.9) and whole bass
(3.04) from Lake 36. Since uranium tends to acenmulate in bones and organs these
‘bicaccumulation factors are expected. Only the bass fillet: samples from Lake 35
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were above the NCRP puhhslmd ranges of (0.5, 'Ir'] All other fillet szmples were
below pubiished values.

» Significant differences have been found in concentrations of uranium in sunfish from.
. Lake 35 and 36 samples, and-therefore, surveillance monitoring: will. continue. -
.« =" :Cugrently -no ‘significant radiological dose ‘has-been received -from- C-UIEUII—IP{IGME
*" . these fish. Surveillance monitoring will be conducted every other year or additionally-
*in .years ‘when' the -average radiological concentrations are statistically -higher -in-
surface waters of the lake.

e No significant radiological dose to humans is received from consumption of
waterfowl, deer, rabbit, and squirrel. Doses calculated from measured and modeled
estimates range from 0.049 mrem/year to 0.47 mrem/year, far below the DOE
guidelines of 100 mrem/year.

e Historically, mercury, arsenic, and lead levels detected in DOE fish samples from the
Busch Lakes were at levels considered to be of potential risk to subsistence
fishermen. Additional sampling of fish from the Busch Lakes was conducted in
1089, 1992, and 1993 by the Missouri Department of Conservation (MDC), the EPA
and the U.S. Department of Energy (DOE). Site specific daily consumption rates for
subsistence fishermen were recalculated based on new lake-use data provided by the

“MDC. The Agency for Toxic-Substance and Disease Registry-(ATSDR) and FPA- .
have determined that consumption of fish by substance fishermen from the Busch area
does not significantly increase the daily intake of contaminants (Appendix C,
Schmidt).

» Annual radiological doses for subsistence fishermen should be calculated as part of
the site environmental report and should use area-use data provided by MDC;
specifically, the annual consumption rate of 17.5 g/day (Schmidt, Appendix C})
instead of the 39.8 g/day used in the site environmental reports (Ref. 7, 8).

* It has been determined that elevated levels of arsenic, mercury, and lead in the Busch
Area Lakes are not attributable to former Weldon Spring Chemical Plant operations.
No further sampling of metals concentrations in fish or surface waters from the
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Angust A, Busch Conservation Area will be. condncied for biouptake studies by the
site, '

- "= - Cartinogenic risk levels calculated for fish, waterfowl;-deer; aabbit,. or-squirrel .ag
+ - part of the Baseline Assessment-for the Weldon Spring -Chemical Plart (Ref: Drwere
¢+ founid to. e within the EPA-target.risk mnge of 104 t6.10°%.. ‘Therefare, .o, remedial

1 action (such:as.game Hmits; :ete.) is-specifically required as a result.of biooptake. ;-
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APPENDIX A
Data Results
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TABLE A-1 Fish Species Found in'EIaectmfishing Surveys for the Weldon Spring site,

1987-1993

Busch Lake 34

Location

Largemouth Bass
Channel Catfieh
Hybrid Sunfish
Wamouth
Black Creppia
Graan Sunfiah
Graes Camnp
Bluagill

German Camp
White Crappie
Brook Silversida
Redsar Sunfigh
Gizzand Shed
Muwkallunge

Species

Buach Lake 35

Largemouth Base
Eluwgill

Black Crappie
Channal Catfieh
Black Bullhead
Redaar Sunfich
Gizzard Shad
Yallow Bullhaad
Goldern Shinar
Grean Sunfleh
Brook Silvarside
Hybrld Sunflsk
Whita Crappie

Bueah Laka 25

Largemouth Bass
Black Crappie
Rodear Sunfieh
Gizzard Shad
Grean Sunfigh
Qraes Carp
Channef Catfieh
Bluogilt

i
i
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TABLE A-1 Fish Species Found in Electrofishing Survays for the Waldon Spring site,
1987-1993 (Continued) '

Famme Oeage Saugh Largamouth Bagg
Bluegill

Gizzard Shad
Wamnouth

Black Crapple
Garmean Carp
Roak Bace

White Crappla
Yollow Bullhead
Grasn Sunfieh
Plaine Top Minnow
Redtail Shinar
Gaklen Shinar
Shontnoas Gar
Spoited Bauw
Bligmouth Buffalo
Erpallmouth Buffalo
Charnel Cetflah
Longear Sunfish
Brook Silvarside
Black Bullhaad
Sauger

Larygnaae Qar
Hykrid Sunfish

Bueah Lake 33 Aadaar Sunfish
Yallow Bulthaad
Glzzard Shad
@reen Sunfich
Bluagill

Black Crappie
Whita Crappic
Largemouth Base
Carp

Black Bullhead
Brook SHvarslide
Chanret Catfizh

Busch Laka 37 Largamauth Basse
Brook Silverzide
Graan Sunfieh
Redear Sunfieh
Bluapgill

Channel Catfieh
Hybrid Sunfigh
Grase Camp
Gizzard Shad
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TABLE A-1 Fish Species Found in Electrofishing Surveys for the Weldon Spring site,
18987-1993 (Continued)

Busch Lekea 26

Location

Largernouth Saas
Bluegill

Graan Sunfieh
Black Crappie
Redmar Scnfish
Golden Shiner
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TABLE A-2 Analytical Results for Catfish Fillets from Gill Nat Sampling, 1992.

Uraniurn,
Total - | Arsenic

_pcitg | uwis

Location

Lake 25 0.00a7 «=0.020

o flake-37°810,0009 | <0018

bkg = background looation
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TABLE A-3 Summary Statistics'® for Total Uranium Concentration in Fish, 1987-

1993
T T e N T —
E . Total - Range of Yalues .-Average Standard .
Locadich Sampla Samples ' Yalue Ciensdaticn
Laka 33 - Sunfish Filiet 1 00016 -D.0018 ~0.0015. . | - 0.00000 .
Sunfieh Fishoake 2 Q0007 - 00028 0.0014 0.00079
Bage Fillst a 0.0001 - 0.15 0.0610 0.08872
Catfish Fillat 2 0.0001 - 0.0014 0.0008 £.00085
Crappis Fillet 2 0.0001 - 0.0025 0.0016 0.00120
Carp Fllat 2 0.0004 - 0.0020 0.0012 0.00080 |
Crappia Fishcake 2 £.0020 - 0.150 0.076 0.00000
Carp Whals 2 0.0015 - 0.0047 £.00%31 0.00160
Sunfish Whols 2 0.0017 - 0.0085 £.0026 0.00080
Bass Whole 2 0.0020 - 0.0024 0.0022 0.00020
Catfigh VWhole 1 0.0150 - 0,0150 0.0160 0.00000
Crappie Whole 2 0.0022 - 0.0070 0.0046 0.00240
Laks 54 Sunfish Fillet 4 0.0016 - 0.0080 0.04 0.07328
Sunfish Fishcake E 0.0012 - 0.0406 0.014% 0.01402
Rasa Fillst 5 0.0005 - 0.0100 0.0087 0.00352
Catfish Fillet 3 0.0007 - 0.0174 0.0065 g.00768.
Crappis Fillet 1 0.00E0 - 0.0080 0.00BD 0.00000
Crappie Fishcake 1 0.0023 - 0.0023 £.0023 0.00000
Sunfish Whole 3 0.0032 - 0.0585 0.0817 0.02182
Sass Whala 3 0.0010 - 0.0236 0.0090 0.01027
Catfiah Whols 3 0.0015 - 0.0018 0.0018 0.00014
Lake 35 Sunfieh Fillat 2 0.0076 - 0.0160 0.0118 0.00425
Sunfish Fishoake B 0.0100 - 0.0485 0.0362 0.01404
Bass Fillat 4 £.0003 - 0.0720 0.0206 0.02962
Catfish Filet 5 0.0015 - 0.0295 0.0088 0.01185
Crappls Fillat 14 0.0007 - 0.0100 £.0054 £0.00829
Crappie Fishcake 4 0.0026 - 0.0115 00062 0.00364
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TABLE A-3 Summary Statistics®® for Total Uranium Cancentration in Fish, 1987-

1993 {Continued)

Total HRange of Values Avaragse Starwdard
Lacatian Sampla Samplag arlum Daviatan
Lake 35 (cont) Sunflel Whole 3 TO0086 -0.2820 | T01Z48 . 011584
Eass Whola 3 G.0018 - 0.0266 00138 0.01017F
Catfish Whole 2 0.0085 - 0.3850 Q1868 C1E3I8
Crappie Yhole 4 0.0015 - 40346 0.0147 001267
Catfish {fvare 1 0.0536 - 0.0536 Q.0896 0.00000
Lake 26 Sunfieh Flet g 00050 - 0.0410 o.0213 Q.0M316
Sunfigh Fiehcake 4 0.0060 - ¢ 2040 0.122 0.48800
Baes Fillat 5 00004 - 00076 D.00Q&7 C.O00228
Catfieh Fillst 4 0.0014 - 0.01786 D022 0.0068 1
Crappia Fllet 3 00018 - 00138 Q.00EE 0.00811
Carp Fillat 1 00315 - 00216 0.0215 0.00000
Crappie Fishn.:ake 3 0.0193 - 00438 0.0a2758 001132
Sunfizgh Whaole 3 0.3510 - 05220 0.4343 007311
Baes Whola 3 0.0025 - 0.3030 Q1136 0134687
Catfigh Whale 2 00,0035 - 11,8630 J.9333 CBZBVE
Crappie WWhola 2 000485 - 0,0745 0418 Q.03300
Lake 37 Sunfigh Allst 3 Q0016 - G.O0E0 .0330 000147
Sunfish Fishcake 2 D.DE.IZO - G.00B0 00036 GO0160
EBaea Fllist 4 000 . 0.0100 00036 000376
Catfieh Filiat 2 .0001 - 0.0030 00016 0.00140
Sunflah Whola 3 0.0510 - 0.0086 00037 0.00342
Eass Whola 3 0.0015 - 008G 0.0035 "O.00218
Catflab Whola 2 G.002% - 00126 o.0076 D.DGEDI.J
Fraog Pond Synfigh Fiahcaka 1 0.0E00 - O 0500 0.0800 0,00000
Fammea Osage Steugh Bunfieh Fiehoaka 1 0.0045 - 5.0045 00045 £.00000
Bass Fillet 3 0.0002 - 0.0051 0.0034 0,00229
Catfiah Fiflat 1 0.0015 - Q.0016 0016 0.00000
Crappla Fhilet 2 0.0035 - 0.0050 20043 000 B
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TABLE A-3 Summary Statistics® for Total Uranium Concentration in Fish, 1987-
1993 (Continued)

» o " o
_ Tatal - Range of Valuse Average Stancdard
Loeatlon Sarnpia Samplas Valua Daviation .
7w Famme.Osage Slough (oont) |Carp Fillet ] 0.0017 - 00060 00037 . -R.0A14E- -
Buffale Fillat 1 00080 - 4.0060 U.GOEC.J GO'DU'DD .
Crappls Flahoaka a 0.0046 - 0.0095 0.0084 .0.00222
Buffalo Whola 1 Q.0021 - 0.0021 Q.00 CLO0000
Carp Whols 2 G003 - 0.2100 01082 0.01463
Sunfish Whole 2 R00E7 - 00320 .38 oM E
Bess Whola 1 00045 - 0.0045 0.004E 000000
Catfieh Whole 2z 0.0046 - 01200 0.0522 006776
Crappis Whols 1 0.0020 - 0.00Z0 OLOG20 Q.00000

in] All surmatias include ues of half of the dataction limit for coneantrations [[5)
detecia).

ortad as [aay than tha dataction limit inon-
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TABLE A-4 Concentrations of Tharium and Radium in Fish (pCi/g), Weldon Spring
Site Study Araa, 1987

Buech Lake 34 <001 =0.20 =0.05
Buech Lake 36 <030 = .30 <014
Busch Laka 35 0,003 <008 <0.02

Busoh Lake 37

Freg Pond

Feirime Qzage Slough

|

Bl samples are cunfich fishcake esmples axcept Buach | aka 36, whichis a catfish fillet eample and Famme Oeage Slough which
ig a crappie fizhcaks sampts,
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TABLE A-5 PCB Concentrations ipph! in Mixed Fish Composites Samples, 1987

Lacation Composited Aroclor Aroclor Araclor Aroalor Arccior
Spacias 1018 1221 1232 1242 1248
EBuech Laka 34 1-Bage, 2 Sanfigh, < .04 w008 | o] <006 -
4 Crappia i
Busah Loke 3% 2 Base, 4 Surfish, <004 | <0.08 =004 =008
& Crappie '
Busch Laka 38 Z Baaw, 2 Sunfish, =004 <0.08 < 0.04 < 006
2 Crappie
|| Busach Laka 37 4 Base, B Sunfish <0.04 =008 <0.04 <0.0k
DORORILS45 426, Rev., 1 A9
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TABLE A-6 Field Duplicate Results and Calculation of Relative Percent Differences
{RPD} for Fish Biouptake Samples, 1989-1993, for Metals (ug/g) and
Total Uranium (pCi/g)

-

—
Field
Specing Crats Sample Duptinats
I Locatlon - Sampled |- . Samplad Parameter Cene. .Qone. - | -RPD. -
Lake_ aa _Sunﬂsh Cakes 1_99_3 N Argenic 316 0.1 a7
Lead 0.041 0041 ¢
Mmreunt™ <0018 <0018 na
!I Total Uranlum 0.0007 0.0006 16
Giarp Fillet 1592 Areanic <048 <0.45 na
Laad 1.1 - c.é8 a7
Total Lranium 00004 0.0107 186
Crappla Cakes 15562 Total Uranium 0.1 000121 19
Carp YWhola 1981 Total Uranium <0003 <0008 na
Sunfiah Whaolwe 1292 Arsonic <0.45 <0.45 na
Laad 1.5 1.1 37
Tota Liraniurn 0.002 0.0006 108
“ 1992 Total Uranium 0002 Q0008 88,
rep 2
Catfish Whala 139_2 Arsenic <0.46 <0048 na
Load 1.3 1.5 i4
Tetal Uranium 0018 <0008 na
1892 Arsanic =045 <0, 50 ha
rep 2
Lead 1.3 1.2 8
Crappie Whale 1931 Tatal Uranium 0.007 | <0.007 na
Lake 34 Sunfish Cakas 1592 Argenic = 1.80 2 na
Levaid 1.5 0345 128
Total Uranium Q.0012 C.0008 a7
Catfiah Fillst 1282 Arvenic < 0.5 < 3.4 nA
L Lead 0.4 < 2.8 na

DOEAOR 21 548-426, Rev. |
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TABLE A-6 Fiald Duplicate Results and Calculation of Relative Percent Differences
' {RPD) for-Fish Biouptake Samplas, 1989-1993, for Metals {(#g/g) and
Total Urnaium {pCi/g) (Continuad)

" Field
Spoacies Buplicats
Location Samptad Cone.
Lake 34 {zont) "| Sunfish Whalé - | 1982 - Areeniv ‘o 0L48 : < 200 - ne-

. Lead 0.63 0.81 2B

Total Urandutm 0.0032 CG.O02TE 16
Basa Whole 1282 Arzenic < 2.0 <0456 na

Lead .57 043 28

Total Uranium 0.001 0.000456 e

| Lake 35 Sunfish Fillat 1990 Total Uranium 0.008 0,002 a1
Sunfish Cakes 1992 Lead 0.38 0.46 19

Totad Uranium 0,021 0.0837 6o

Bass Flllat 1890 Total Uranium 0.00E 0004 22

Crappts Fillat 1980 Total Uranium 0006 0.005 18

Crappie Cakos 1832 Areshic < 0,044 <0045 na

Lend 0.088 G074 15

Total Wranium 0.0032 0.0088 a1
Sunfish Whode 1882 Arganio <0k <08 na

Laasd 0.93 1.3 27

Total Uranlurm .086 2.138 42

1882 Argenic . <C.B <0 44 ha

tep 2

Lead 0.29 0.2 10

Total Uraniuirm 0.08% 0134 7B

Bass Wholse 1880 Total Uranium Q.0zF 0.028 L]

Catfizh Whule 19940 Taotal Uranium 0386 0.703 -1

GOE/OR21548-426, Rev, 1 A-11
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TABLE A-6 Field Duplicate Results and Calculation of Relative Percent Differences

(RPD) for Fish Biouptake Samples, 1989-1993, for Metals {ug/g} and
Total Urnaium (pCifg} {Continued)

Fiald
SpaTies Dete Sample Duplicata
_Locatian Samplad Sarnpted Faramaiar Cono. Cong. RPD
Laka 25 RBaes Fillat 18493 Arawnic 0.038 .08 20
Laasd 0.08 0.021 1
Mareun® 018 0.21 16
Total Uranium 0.0004 0000692 B3
Baee Fillat 1889 Total Uraniurn 0.003 0,004 &7
Surfieh Whole 1881 Total Liranium 0,361 0.207 13
1882 Arsenio <0088 = 0.047 na
Laad 0.156 0.26 48
Total Uranium . 0,423 0.306 © a2
1992 Areanio =006 <0.060 na
rep 2
Lasd [+ §:] 2.1 172 )|
Total Uranium 0423 0.473 1t
1992 Argenio <0086 <0.046 na
rap 3
Lead g8 0.14 13
Total Urandurm 0.423 0.394 7
Laka 27 Eass Yhole 992 Amenic <0048 <0048 na
Lead 0.084 0.42 133
Total Ursnlum G.0024 0.0029 15 H
Fernme Casge Carp Fillet 1233 Araanic 0.048 0.085 an
Slough ’
Lead .14 0.14 0
Marcu rtel o.0a o004 4
Tatal Uranium 0,007 0.00197 16
Carp VWhole 1981 Total Uranium < 003 0.001 na
=
{a} Samples anelyzad for marcury exceadsd analytical hodding tmse and. ars conaldered of limitsd uzs; both the routine

eample and rapliceta sample sxgesdad holding times,

na not applicabiafzalculable fot noh-detect results.

DOE/ORS21548-426, Rov, 1
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TABLE A-7 Radionuclide Concentrations in Waterfow! from Raffinate Pit 4, 1920

Re-226 | Ra-228 | T™h-z27 | Th228 | Th-z30 | Th-zaz Lf:f' U-Z35
bod Dunk - tesus (31| 0.001  |0.018 | 0.426 <0.045 |0.014 «0.008 | 0.004 «0.001
G acee »tinalie | <0001 | <0.004|0.014  |<oo02 0010 teowoor [ooo2 - | <000
Mallard - tisaus .00 <0002 | 0087 <0011 | =00 <000t |o0os <0001
ﬂchd Duck - organe 10028 | <0.007 ] 0088 AL 038, | D170 <002 |O31E D020 |, [0.a34 4
llaacse - argans 0008 |<0.003|0.087 |0.008 - |0.483 0.008  |0.054 <0001 |0.086
Mallard - organs p.026 |0.000 .|0.081 0022 |0.040 <0.001 |0.053 0.005 |0.057

=pClig wet waight

DOEORM1S48-426, Rav.

1
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TABLE A-8 Radionuclide Concentrations in Small Mammals, on the Waldon Spring

Site
CONCENTRATIONS ipCi/g)
Totsl Thariura Thorum Redium

Sample Mo, Matrix Uranium 230 232 226
ASH POND ARER
BE-AP20-1287 Rabbit Tiesue <0.02 <0.03 <001 ={.01

Rabbit Bone =003 =01 <04 <0.1
WSCP AREA
BG-IT20-0211838 Rabblt Tizsus <G 04 <1 <1 na

Rabblt Bona <008 <1 <1 ng
BG-GP20-021188  Rabbit Tigsue <0.04 =1 =1 ne

Rabhbit Bone = {05 <1 = i3
FR{E PO B
BG-FP21-1287 Squirred Tigeua <009 <005 <. <L

Squirrsl Bone <003 = 0.07 =008 £0.07
ne not sarmpled

DOBORS 1 545-426, Rev. 1 A-14
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TABLE A-9 Qccurrence of Common Species of Waterfowl, Weldon Spring Site

11 13 By 4% X =

Nl el Th 10 L 11 12

Woed Dok . o T 40 o o 0 2 Y = 0 I o o m 0 2 a
Cwnadn Gooa 4 13 41 12 137 2 2 20 13 mh 18 B0 o i (1] ] 17 =] q
Touu Stit a1 - = hLix 4 1ma E ) E 1) 2 25 ] B1 11 [1] 1] a a -] 1]
Yotal sureay deys 5 3 ¥ E 5 1 3 2 a 7 2 % a | & 1 3 ) 2
Troll whthil iy 4.2 B2 13.2 17.2 20X BB 11.7 19.0 B4 144 203 2.2 [1] 1] 170 1.0 o [+

DOE/OR/21548-426, Rev. 1 A-15
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TABLE A-10 Metals Concentrations in Fish (ug/g} MDC Survey, 1989

¥

| vowy | A |
ey . —|

Catfigh Fillat

Sunfish Whole

Catfigh Fillst

Sunfish Whole

Catfish Fillet

{Ref. 19}

DOE/ORS 1548426, Rev., | A-16




RADIOLOGHCAL AND CHEMICAL UPTAKE IN GAME SPECIES AT THE WELDON SFRING SITE 080295

TABLE A-11 Metals Concentrations in Fish-Busch Lake 36 EPA Survey, 1992 {pg/g)

e =
tLeaad Chromium Arcamc Barium Marzury
Speciaw June Ot Jure
argemouth Bese Whole <0.B <01 0,238 NS Q.5 <0.1 1.91 N5 NS o010
ynfish Whole <06 <01 0.427 NS <05 <0.1 4.31 H5 NS G027
rappie Whole <0.5 <01 0398 NS <08 <01 4.34 NS NS G.a81
atfigh Vhale <0.5 109 0258 NS <05 <01 2.19 NS NS 0.08
rgainicuth Bags Fllet <05 <01 0.102 NS =0.5 =01 QOTE NE NS 0,212
nfigh Filiet <0.5 =0.1 2131 NS =0.B <01 0.284 NS M5 0028
0.5 NS .1 NS =0.5 NE €.383 NE NS NS
<05 <0.1 C.201 NG =0.5 =1 0088 NS NS 0.031
{Raf. 21}
NS Mot Sampled
DOE/OR/21548.426, Rev. 1 A-17
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APPENDIX B
Kruskal-Wallis Statistical Results

DOEMRT ] 548426, Rav_ 1




RADIOLOGICAL AND CHEMICAL LUPTAKE IN GAME SPECIES AT THE WELDON SPRING SITE 080295

The Kruskal-Wallis statistical test is a one-way, non-parametric analysis of variance tests
used to assess significant relationships in fish data. collected from 1987 to 1993, Statistical
results from the 1987 - 1993 tests are presented in Tables B-1 through B-4, Results from tests

- ¢onducted - with data from 1939 - 1993 are presented in Tables -B-3 through B-8, .- The

et s gesudtptions tested included uranivm coneentration in-abl fish, urniom concentrations-in spocifie.

- spetcies, and uranium concentrations in sample types, The assumpéion or null hypothesis is that
+ .- = uraninm- concentrations -in fish {by species;-by-sample type} from Lakes 34,.35, 36, -Femme
Osage Slough, and Frog Pornd have the same mean concentration of uraninm as. the background
lakes, Lakes 33 and 37. If the results of the Kruskal-Wallis test show that the lakes differ,
multiple comparisons are condicted to define which lake is signficantly different (Ref. 14).

For each assummption, the calculated value H was compared to a tabulated chi-square
value with (k-1) depress of freedom, where k was the number of groups (lakes). If the
calculated H value exceeded the chi-square table value, the hypothesis of eqoal means was
rejected.  If the H value was not exceeded, results indicated no significant difference between
the concentrations at the lakes (i.e., no significant biouptake), If the H was found to be
significant, the moltiple comparisons test was conductsd by comparing the concentration
differences between background and stody lakes (Ref. 14). If the critical value calculated from
the multiple comparisons test was higher than the difference in numeric rank between the swdy
lake and background lakes, then the difference was considered signficant.

DOE/OR/21548-426, Rev. | B-1
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TABLE B-1- - Results of Kruskal-Wallis {One-Way, Non-parametric) Test on Uranium
Concentrations (pCi/g} in Fish, 1987-1993

m‘
Backarourd Study L akas
Lakes :
33 & 37 Famms
Loke 34 Laka 36 Lake 38  |Ceage Slough| Frog Pond.

umber of aamplss X aq 27 35 T 22 1

verage rank: _ _ 483 664 101.5 EEE 76.6- | 1460 |

= 4557 df =5 y° = 11.07 - ;

|ffarance from background (D [1] 18.1 Ed.2 &61.8 7.3 877
{Critioat valus {CF: 237 26.6 24.7 74.3 28.4 108.9
E‘uniﬁcam NG NO YES YES NG [+

¢ <=0

# pmalt sarmpls gize (1 sample)

DOEORSZ] F48-426, Rev, |
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RADIOLOGICAL AND CHEMICAL UPTAKE IN GAME SPECIES AT THE WELDON SPRING SITE 080295

‘TABLE B-2 Results of Kruskal-Walhs {Cne- Wa'-;, Non-parametric) Test on Uranium
Concentrations {pCi/g) in Sunfish, 1987-1993

Bavkground Study Lakes ] l|
Lakes - -
33 & 87 Fernma
Lake 34 Lake 35 Lake 358 |Oaags Slough

urnber of eamplga tnj-. . 14 | 11 10 ] 11 ] s
warags rark: - 11.4 21.7 6.1 7.2 RN

= 266 di=b Yo =1107 . .
Hierenoe from backgrownd (D} ’ 10.2 ~ 23.7 76,5 N

[Critical value {C): 127 12.5 4.0 13.6 Z1.5

igniicant ND ND YES YES NG NO
& == DM

% grmall sampls size {1 sample]

DOB/ORK1548-426, Rev. 1 B-3
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TABLE B-3 Results of Krugkal-Wallis {One-Way, Non-parametric} Test on Uranium
Concentrations {pCi/g) in All Fish by Sample Type, 1987-1993

Sample Type _ Study Lakes ﬁ
Backgroumnd
Lakes 33 & 37 Fernma Dsegali
_ . . _ . Lake 34 Leks 35 Lake 36 Slough
| Tist ST of samplos 18 12 14 e 10
(i
[Arvarage ramk: 21.7 0.0 46.0 38,7 35.8
H= 19.12 df = 4 y* = 9.488
Diftarsnce from a i3 4.2 “I70 .1
Lackgrnunﬂ [D):
5.5 7.4 T8.7 16.8 T84
MO RO YEE YES NG

17 a 12
lmmm Tank: 19.3 218 35.0 43,8 27
= 1743 df m 4 = = 8,488

Diiffarance fram [i] Z.5 16.7 24.53 F3
background (D)

Ciitical valus 1C1: 125 iB0 1.7 45 16.6
Significant 7 NG NO ¥ES YES NG
(G =D}

THumber of sampleg T R 5 _Q?_ 4
{nl:

varage 1Ank: TE &6 5.7 24.7 13

H ~ 16.86 of = & [ = t1.07 .

Diffarenca from Q 9.0 oo 1a.2 8.2 7.5
backgraund (O

Briticel vais (DF iF 12.5 1.4 2.6 14.0
SigrATcant NO TES YES ND

Frog Pond fisheoke samplea: sampios-1, rank-30, diffsrefes-24.5, crtical value:23.5, signfiaant-vES temall eampla
gizel,

DOE/GR/21543-426, Rev. 1 B4
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TABLE B-4 Results of Kruskal-Wallis {One-Way Neonparametric) Test on Uranium
Concantrations {pCi/g) in Sunfish by Sample Type, 1987-1933

Sty Lokea
Sample Type
Background Lakes Farmme Ceage
A3 & 37 Lake 34 Lake 35 Laks 38 Slough
Humbar of samplee (n): &4 ] 2 B ne
werage rank: _ 4.8 3.3 100 11,8
= 371 A= = 7816 '
Diffaranca froem [+] -1.3 .4 E.7
aokground [D4:
Chtica valde 10 6.3 5.8 7.7 )
Significant? ) NG N YES
(C <D
ola Humker of aﬁum 3 3 a
verage rank: 5.8 E.2 0.7 15.0
H= 11.18 df = &4 ¢ = 3488
Ciffarence from [ 1.5 6.8 11.2
background (D).
" [ TTicel valus ICI: Wy s 7.78 7.75 773
Sgniticant ¢ NO NG NG YES
{c=01
mﬂamlﬂ ‘“‘h E 5 E#
Avarags rank: 4.0 2.6 14.2 15.7 [
=12, =5 2 m 11.07
Diffsrence from [4] 5.6 0.2 11.7 20
background (D]:
ICritical valus (D1 LT 8.65 5.58 T0.0 15.0
Significant NOD N YES YES )
Y e == D% _

Frog Pend fiahcake sarmplea: samplae-1, rank-18, diffarence- 14, critical valus-15.0, signficant-NC {small sample size].

DOE/ORZ1548-426, Rev, 1
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TABLE B-5 Results of Kruskal-Wallis {Dn&W_ay, Mon-parametric) Test on Uranium
Concentrations (pCi/g} in Fish, 1989-1983

Backaround Study Lekee
{akaw
L1 Y Fanime
Lake 324 Lake 25 Lake 25 Ceage
. Slaugh
umhbar of gamplas in): is 23 31 28 17
varage rerk: 41.5 68,7 86.5 B6.6 66.3
= 41.2 df = 4 ° = 9488
iffursnce from background ol 0 17.2 45 57 24.8
ritical vaiue {C: Z0.5 73.6 FIN 220 76.1
igriticant ND T4 T vES YES HO
C <= D"

* small sampte eize {1 sampls)

DORAORLIF4E-415, Rev, |
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TABLE B-6 Results of Kruskal-Wallis tha-Wav'. Non-parametric} Test on Uranium
Concentrations {pCi/g) in Sunfish, 1989-1993

Eaokground Study Lekes E
. 3;“;3;7' Fermma
Lake 34 Leke 36 Lake 38 Qraga
= Slough
NUmber of samples (T — 12 ] ] 3 3 i
wvarage rank: 8.5 19.8 N 33.8 203
He 2606 df=4d4 ¥ = 8.488
ratice from background o [i} 11.4 20.3 281 1.8
Critical walus [C): 11.2 12.1 12.1 124 7.7
Significant NG 14 YES YES NG
—

B arrall aarnpla slze (1 sample)

DOEORZ1548-426, Rev. | B-7
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-TABLE B-7 Rasults of KruskabWaIliéane—Way, Non-parametric] Test on Uranium
Concentrations {pCi/g) in All Fish by Sample Type, 1989-1993

Sample Type
Background
Lakee 33 & 27 Fanmme Eggga
B T I Pl L il

inj:

warage rank: 17.2 4.7 5.2 ET-N S 2B.4
H= 166 df = 4 y = 9.48E8
Diffarancs fram [+] El] 18 223 9.2
background (D):

mtical valua (CI: 12.5 5.2 14.3 13.3 17.4
Sigmiticant] NG N YES YE= NC
| T < D}

[ hola Humber of samples 'ﬁ’ 9 12 ?:
(H]:
tAvarage rank: 193 21.8 350 43.6 27
H » 17.25 of = 4 y° = 3.388
[Giffarance from 0 Z.6 6.7 24.5 e
backgrayrd (D)
Critical vaie (01 12.6 16.0 13.7 145 15.6
Significant 7 N NG YES YES MO
{C=D]
ﬁ Tiamber of Eairplas E [ [ 2
(b
LAvarage rank: 3] 11.8 168.2 2.6 1.6
H=14.9 df = 3 y* = 5.400
ifarence tram 3] 6.0 12.3 T7.7 - 7.6
background {D):
" [Gritical valus (D} -~ | ' - 10.8 T0.B 9.76 TH.E T 2B

Significant MO NG YES YES ()

Ic <=0l

a Frog Pond fishceke samples: samples-1, rank-30, diffarence-24.5, ontical umu&23.ﬁ,= eignficant-YES (emall -sample

aizal.

DOFFORSZ 1545426, Rev. 1 B-8
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TABLE B-8 Ftesults of Kruskal-Wallié {One-Way Nonparametric) Test on Uranium
Concentrations (pCi/g) in-Sunfish by Sample type, 19892 - 1993

Study Lakes
Sample Type )
Backgrourd Lakes Femme Deage
33 & 37 Laks 34 Lakr 35 Lake 26 Slough.
ilat Murrbar of samp!gf nk Z 2 i "4 ne
varage rank: 2.7 36 .0 92 i
H= B.18 df =3 y = 7.316
Diffarancs from 1] 0.8 4.3 8.5
background (D):
Critical valus [C): B.7 .44 E.44 528
Eignificants NO NG “No YES
=)
[ hole umber of gemplas (n): 5 2 3 3 2
Avarage rank: 3.8 A.3 'I_'D.f 16.0 ¥E
=11.18 df = 4 y* = 3,488
Difference from o 1.5 ) 11.2 3.7
background (Bi:
Critical valua (Ci: 575 7.98 728 7.78 B2
r‘.’ﬁ?‘l.’nam 7 [T NG 0[] YES NO
{C <D}
1gheaks MNumbar of samplae (nl: L) 4 2 1
[Avverage rank: 3.0 7.2 11.0 14.8 [
H= 1134 of = & x° = 9.488
|E|ﬁaranca from [+] &2 8.0 TR 3.0
ackground 0):
ICritical valus (01 708 708 7.08 R.67 T1.2
Signincant [a] NG Y& YES []a)
e S IC < = D2}

a Frog Pond fisheska samples: samplas-1, rank-T8, diffarance-14, oritical valus-18.0, signficant-NO {small saimpls szs).

DOB/CR/Z1348-416, Rev. 1
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APPENDIX C
Unpublished Documents
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DATE:

FRCK:

SUBECT

@monmsou KNUDSEN CORPORATION
MK-FERGUSOMN GROUFP

INTER-OFFICE CORRESPONDENCE

April 8, 1983

File

Melissa Lutz JE

TELEGOHE EFPA’S SAMPLING RﬁTIONlLﬁ FOR FiSH AT LAKE éﬁ
Date of Ccall: April &, 1893

Call to: Cecilia Tapia, EPA-KC
'Callar: Heliss; Lutz
SUBJECT: EPA’S SAMPLING RATIONALE FOR FISH AT LAKE 36

. During 1%%1, the Department of Defense sanpled sediments from

‘Busch lakes.in-order to support the RI for the WSOW. The

rasults showed Lake 36 with some of the highest metal
concentrations {Ar, Ba, Cr, Hg, and Pb) in the sediments. 1In
order to address these high sediment concentraticns, and the
biouptake cof these metals in fish in a timely manner, the EPA
tock lead responsibllity for Lake 3é6. The Department of
Caefense is responsible for sampling other Busch lakes if
determined t¢ be necesszary.

The WSS also wanted to clarify the sampling ratiocnale behind
the resampling effort of Lake 36 (Octcber, 19%2). <Cecilila
explained that the rasampling was deone to obtain lower

‘detection linits necessary to determine if any harmful

effects were expacted to substanance'fishermen.--Hercury”was"'
also added based upon the 1987 PMC sampling results.

ML/jn

e Ken Meyer
Jim Meier
Julie Reitinger
Loy Gonzales

t:huserainylinidocunentitalalis. Ml
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3 e . .
7 ; £ 3 UNITED STATES ENVIRGNMENTAL PROTECTION AGENCY
S "‘amf ' REGION VII '
e 726 MINNESOTA AVENUE
KANSAS CITY, KANSAS 66101

FEB 2 4 1095

Mr. Bill bieffenbach _ . @ .
2esistant Environmental Administrator

Migsouri Department of Conservation

P.C. Box 1RO

Teafferscn City, Missouri 65102

Dgayr ¥r. Digffenkach:

_ Enciesed sre copies of the analytical dgata, Data
nualification. Codes sheet, and field shaets for the fish and
sediment samples collected from Lake 36 at the August A. Busch
Wildlife Rre=z, The samples were collected on Octeber 21, 1992 by

Ecolegy and Environment, a ctontractecr for the U.S5. Environnental
Frotaction Agancy (EPA).

The whola fish and fish fillet {edible portion) samples were
amalyzed for lead, arsenic, and mercury at a detection limit of

0.100 milligrams per kilourams (mg/kg). Sample anpalysis results
ara sumnarized below. '

All whole fish and fish fillet samples were below the ..
. quantitative detection limit of 0.100-mg/ky for lead except for
the sampies listed in the table below. At the levels detected,

harmful effects from subsistence fishing and consumption .are not
expected.

1 cxEmicaL | SAMPLE NUMB

| Lead 1 019 : whole fish CSSBCO09

CS6BCO10

All whole fish and fish fillet samples were below the
quantitative detection limit eof 0.100 mg/kg for arsanic., A value
_ of .0.28 hg/kg .was calculetad as & level which is not gxpected to
cause harmful -effects for subsistence fishing.- .o '

M %04
33

RECYCLEZS

T Y L T L L




)

Mercury was detected. in samples jisted in the table below:

| SAMPLE NUMBER é
edible portion CS6BCI0L ﬂ
sdible pordlon - | cssmome Lo A _j
edible portiom . CSEBCHOS - h

CSSBCOOSD. (duplicate) © .

whole fish CSSBCN06 Sk
whois fish CSEBO00T |
whole fish CSBON08 ﬂ
whols [5h CS5BCUCY H
whole fish i

A value of 0.25 mg/kg was calculated as a lesvel which is not
expacted to cause harmful effects for subsistence fishing. All
of the concentrations detected were beloVw this level.

Ten sediment samples and one duplicate were taken along the
seutheastern end of Lake 36 and analyzed fOT total metals.
Listed below is a summary of the samples with concgntrations
above maximum background. The anclosed table sontalns the
packground ceoncentraticns. Sae Figura 1 for sample locations.

Aluminum was detected above the maxinum background
_eoncentration of 4570 mg/kg in sample ¥ CSERCLOLI-108,  and |
CS6BC110~112. The highest concentraticn was detected in sample ¥
CSEBCLLL (duplicate of CS6BCLO2} at 11,200 ng/kg.

Barium was detected above tha maximun background '
concentration of 50 mg/kg in sample % CS6BC101-103, CS&BC105~106

and CS6BC110-111. The highest concentration was detected in
sample # CS6BCLO5 at 137 myg/Kg.

Beryllium was datected above tha maximum background
concentration of 0.6 mg/kg in sample § CS6BC105 and CSEBCiii. The
highest concentration was detected in sample # CS6BC105 at 0.832
ng/kg. :

cadmium was datscted above the maximum background
concentration of 0.181 mg/Kg in sample § CSEBC101-111. The
- highest concentration was detacted in sample 7 CS6BCL0S at 1.66
me/ K. : :
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Ccbalt was detectad above the maximum background

. concentratien of 7 mgfkg in sanple £ cs&acinz,-cssac1u5, and

. pesEBOLLC-111. The Lighest csncantration was detected in sampla #
CSHEECLOS 2t 2.4 MYSRY- s ' _

chromium was detected asbove the pawimum background o
soncentration of 10.7 my/kg in sample 4 CSEBELDE,'t56551n5-1OE,f
‘and CsgRciio-11l. The highest concentration wag detected in-

- sampple & ~SEBCL0S at 26.3 ng/ kg, -

Copper was satected above the maximum-backgrcund
cancantration of 6.95 mg/Xg in sawpla # CSﬁBClﬂl—lDZ,'CSﬁEClGA— _
108, and CSERC1A0~121, The highaest cencentraticn was detected in
sample # cseBC102 at 13 wag/Kg . : '

Iron WAS detactad above the maximum background concentration
of 16,200 mg/RKg in sample = CEEBCLOS &t 24,300 mg/ kg -

Manganese Was detected above the maximum background

- moncenzration of 2318 mg/kg in gampple ¥ caspCc1tl and CE6BC10S.

The highest concentration was detected in sanple % C56BC105 at
1150 mg/Kd.

. Hickel was detacted above the paximum background
_ concentration of 7.25 mg/kg in sample # CS6BC102Z, c5eBClos and

CSERCL10-111. The highest cencentration was aetected in sample #
reEBC111 at 10.3 m3/RG-

tesd was detectad above the maximam background cencentration
of 20 mg/kg in sample £ CBEBCLOS at 25.3 ng/ kg .

yanadium wase @etected above tne maximum- background '
- eepeentration of 27.5 mg/kg in sanple # csaac1ﬂ2,"cssﬁc1nssand-

 e858BCL10-111. ‘The highest cencantration was  detected in :sample ¥
ceeBO1D5 at S5Z.1 mg/Kg. : _ .

Magnesium Was Jetacted above the maximum packground :
concentration of 498 wg/kg in sample # cséBC1OI-111. The highest
concentratlon Was detected in sample 4 CSERCle2 at 1260 mg/kd.

Sodium was Jetected above the paximum: background -
concentration ©f 29.3 mg/kg in sample =7 Cc56RC101-111, The N
" highest concentration was detected in sample § CS6BC11l at 248
mg/ kg .

Totassium was datactad above the-maxiﬁum.bacquaund

concentration of 257 mg/kg in gample ¥ CS6BCLO1-1ll. the highest
concentration was datected in sample @ CcSEBC111 at 849 wg/KI-

This infermation is forwarded teo you in accordance with the
provisions of Section 3007 (a} of tha Resource conservation and
Recovery Act of 1976 (RCRA), and Section 104 (e} (4) (B) of the
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E . . ' - . .
i ynvirunmﬂntal Response Cempensation, and
§§§§§§2§§5§;:'¢, 1550 (CERCIA) as smended by The Suparfund
thorization Act of 108§. If you have any

Amendments and BvAY : ; .
' quggtlgﬂs rggi;ding +his analytical data, praasa'cnntact.cﬂcilla

 Tapia of my swatl @ _
' ginceraly yours,

‘Robert L. Morby
Chief, Superiund-Eranch
Waste Management pivision

- Epelosure

MDNR {W/ ancl.)

cc: Ray StrepivF:
Y USACE (w/ encl.)

Stave Ivel+Onr
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Dan F. Dicknels . _ (Rely. 36, 1990

Enviranmeamial Aominlsitor

Misxourd Cepartment of Cansmﬁm
E.O. Box 160

Jatfarson CHy, Mo €3102-0180
Deas Mr. Dickngfla:

.V am wiiling In response to your Apr 9, 1930 letter, and wouk! lke o
apclogize for the delay. Par yoor request, Stephan Meek, Taxicologlst for the Bureas of -
Environmental Epldemiclogy, reviswad tha svaliable data on consumpiion of

eontaminated fish taken fom Lakes 35, 36, and 37 of 1he August A. Busch Wiillls Area
nd offers the Ioflowing atsess=nent - : )

- Bechground

.+ -»Tha Messouti Dapariment of Censervation (DOC) sampled Bsh taken from lakes
i tha Augrest A, Buseh Wildlife Arsq o datermine curnent contarninatian levels,

Previous sralysss and reviews Indiciad a potanilal health problism might exist from
consumption of the fish.

The wikikls ez Is adjacen! ta the Weldon Spring Site {(WSS) and suriace waler
rursoff from the WSS has spparently resullad in the esntamination of the lakes with
heavy metals and other pollutants. Tha lzkes are used for recragtional end somae
subsistence fishing.

Decumsnia Reviawed

DOC leflar dated Apri 9, 1980. {eopy altechec) . ' .
Lngublished dala from DOC on fishing practices and Tkely consumption assecialed -
with the wildlife area lakes.

Tindcologieal profiss pubiished by Agency Jor Toxic Substances and Diseass
Registry. U.8. Public Health Service, '

Discussion
The average U.3. consumplion rle of eommerciel fish has baen estimated at 16
grams per cay and ihe 25ih percantile rxts at 27 gramy per day, Subsisianca wnd sport
isharpersons may exceed these rales and, thareiors, may have increesad expagyrs o
contaminants. The DOC hes caicuipted from ares uae data that the sverage Tsherpesssn .
{ epends 3.5 days anoually fishing ot wiid2ln area lakas and that he/she fzhes for bess 40
- per ceml of ha fime, calfizh 35 per cant of the Sime, and whatever hesshe can calch 11
| per cenf of the me. Subsistency Mshergersons concenirale on caffieh and tend to fish in
he "pul and take’ izkes managed for that purpose. Thass lskes aze not knowa o be
conteminated. The weel bmit is 4 channal catfish per day; the zversge Tve weight is ona
pound. Assumalng 3 subsisienca fisherperson fishes Lake 36", which has the highast
conigminglon levels ir catfish, at teice the aversgs rais (in adedition to more fequant

fishing a1 the put ared take takes), catches and conmurnes histhar kmit dafly, the annust
ard dafly ingestion of contaminanis can be caiculaied.

AT RSN, S ST T ARV ACSTECHE TR ALY o S Ghimties] S e Rerird oy sl
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LAKE 26 MEAN CATASH FILLET CONTAMINATION {ug/g)
Chiordane land - fadmiug Merouty Arsenis
D02 0.08 0.01 0.07 0.05

L ANNUAL CONTAMINANT INGESTION (Ug){Subsisienca Eshepersan)
Chiordane lgad Cadmim Marcucy Arsapic
Unk 381 &4 445 151

DALY CONTAMINANT INGESTION {ug){Subsisipncs Fisherperson}

rkD ’ 1.0 2 : 1.2 0.5
TYPIGAL 1.5, DAILY INTAKE {vg){Al Sourcas) |
0.28 57 . =0 az 45

-

TOTAL DAILY INTAKE {ugiSubsisiznes Fishemperson)

Cibordane Lo Sadmium Maroory ArsEgic
Unk 8.0 26.2 4.2 485
' . DAILY INTAKE GLIDELINES {ug)
Chicrdanps 1=z Cadmiurn . Marcury Atssnic
4 100 20 4 100

: The subsistenca fisherperson's total dilly intake sbove is calculated from annual - -
fish cotsumpiion whh the indicated conmminant levels. The duily contaminant ingestion
© - from. the fish s addad 10 dypical U.5. dady intake values © znive ol tolal dally inlake.
. Thess \oials can then be compared to published guidsfines for dally Ingeston.: Frem this
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L ﬁlm_.llalini il is apparan thal the fsh from the wilditle araa du'm:d significanily
increase the dafly inteke of the contaminants, . .

T A more kaly' axposure SCanario is the sport Saherperson spending 5.5 days | . ..
srrwally fishing ot one or more of the lakes snd cakhing and consuming & relalvely .~
.. . ama% mixed catch of bass, ceifish, and punfich. Whie predator species are Bl o - o TE
- . hgva higher levels of cortarminants bn fiesh than catfish, this seanaric woukl resull .~ = -
in probabie ingeslion lsvels:significantly lowar than fie subsisience Ssherperson. T

CONCLLISION

Using the subsistence Bsherperson end essociated assumptions for worst-caas
analysia, it is evident thal contumpZon of fsh from Lakes 35, 35, and 37 gt he Avgust

kﬁm&?ﬁdﬁeﬂrﬂadﬂﬁmmnuwmdﬁﬂdmehmm :
gffects from the contaminanis in quesilon. .

{. Confinue rouline samping of fish jor analysis. Provide sepsrals anaiyses for
catiish. bass, and pantish.

2 Funther characierdze subsisisnce fishing pepulation, L& nuimnber, daity caich,
lakas used, el ¥ _

Sinzarsly,

Wihtiam R. Schmicy, MPH_, FA-C
Dirsclor
Dhvision of Environmental Health
and Epriemiclegy
WASSUMpw '
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- . ] - Pubilie Mmsith Servics
fé EPARTMENT OF HEALTH & HUMANSERVKES.  RECEIVED < - Agrerior Tok Subsinces
- . 36 DRa R ARR™
. [] . . N T —
RPH 27 189 Memorandum
ome - - Apzil 24, 1989 _ . PREF SECTION :
Frem . Toxicolaugist . _
Emsrganey Berponae Branch, 0ffles of Bualth Assessment, ATSDR.
m Health Comsultarien: ¥Fizh Data, Feldon Spring Sitm, 5o, Chaslaa Cowmnuy, _ ' l
b1 T Y
To ¥, David Pazkexr
- Pgblic Beclth Adwlrer _
EFi Region ViX .
Famsss Ciry. Kissourd : L
Thewugh: Chief, Isesgeozy Razpanis dranch, OHL, AISOR .
The Dmited States Department of Energy (DOE) tax coapleted a flakh sucvey . 3

of lakes and ponds =t the yrldon Spring Size (¥s5) Ia Sr. Chazles Countgy,
Mizgpuri. The WSS is & DOE surplus faeility vhich vas pravicusly opsrated
as a1 ordinzoce facility By the Department cf the A=y und a3 & nrunics
procssaing facility by the itomic Eme=zy Covssizzion. Saveral ponds ace
suspacted of having slevaced hexvy aetal coneamingtien rasclting fresx

suzface wAey sen-off from previouy site asmlvity. The EnvizotsscTil . i
Protection Agency (EPA) has Tequesfed the Agency for Texle Substantes «ad =
Distase Ragiszzy (ATSIA) te evaluare Ehe £1zh datd Zor Tnioan haalch i
COTEEERE, ) o

DOCTEENTS BEVIREED

Tadiclogical sand Chezmical Uptxks by Salxcrad Bicte at the Veldon Spring
Sire, Draft, Hoveober 1734, Daparsmsne-of Ensrgy, DOEJOR/2LI43-D44,

RISCUESION

The Food snd Drug Adaintstraticn has estimated tha svezege consuuprion

rats of comzereiel Fish for the typiral Azarican iz azsund X7 giezy pex

day. The consusprien Fate foT The wppet §5¢h pecventile 5= eatizaced to be

27 grans of fish pex day. While the typical Apesfsan will conzune :
cormereial Fish from & Tariety of smwees, rparts fishemnen and

subsierencs Fizhermen axe mers Likely ts conan=e grexiag quantities of

£igh rhan the average Aomrican and 2 consztos #izh from o restricted }
geopzaphic sTas. Tharafore, thaze tvo subpopulazions may be at Lncrprsed 2
Tisk when consuming contzalnstwd £ixh froa a pareliral ky sres, Stndiez on

sporzy firhermen in the Great lakes aea have shown that, ou sverage, 32 °

1bs. of sport caughe fizh kre conmmaad each yesr with certain fndividmals

conzoping at zach ag ) to 5 tlues this average spoust. This sveraga Eizh
contmgption Tate iz equivalsnt to 1 £ith weal per veek vhich spproxizaizs

280 grazs of fizh per vesk or 39.8 grams per day.




.. Zage 2 - ¥x. Tavid Fazkar

‘Propartionize, sempesite, filier seaples off sunfish, bass, and coapple
« ppre collscmed Lrom WSS Jades. Catfish wers ust included in compasica
" .gamples. - Tsing 37.3 grens Fizh per day to spyrexisats mha Fizh Intake Lor: -
" gport fixharmen, ons ran. exiculats duily and waekly Isnteke.fox nazouy Rty
¢Isbla 13, 1sad CLable 2) xal amssale (Iabis 3}. '

: -amd sabsistancs Fisheroan may havs o Savarice Loke o Fishing spot .. . .
fFrom vhich they ebtain the majocliey af thair fIshi thecefors, e 265T L 1T
conszxvative approash in thiz-cise iz to asaume chat the Fish consmmed axe- - -
oo the Lekes wirh detectadle 1eveis of Thw metal of conceim. A REEst
desl pf vaziztion sin exist in ealeulsted intekes Jevels. Becnasc thase
aTe avarags valuss from cozposits sezplaa, lowels zre highaz In half tha
£ish sampled. Xifae, wuriacion In hesvy wstal content ja fizh fillecs
cerzafnly exfists borh within specisx (depending upen age) acé betveen
spesier (dapending upon £eading hadizs and phersacokiastics). The REMED
{5 which the £L{1lex iz prepsiad fox aralysis alse affeccs the quantitazive '

mezults. FTherafoms; it weuld be poudant nos B2 raly eeplctly uwpon e
quansitative zesulox. :

_The FOA hxs calculzced the diecazy inzake of merzury In the typlcsl
Acestezn 45at =o be 3.2 ugsdsy. Foxr chs adule vhe consunel CnE :
esntazinared Fish mesl per veek, the wazkly intake for merouly frem lalas
34, 3%, 26, snd 37 would reage fTom &4 - T5 ugfveek or § = 11 ugfdzy {zax

“ fable 1). Thic intakas is greazsx than che acseprahls intoke fIom WRTRZ

- baged upon IFA"E Haxizua Coptaainane Level L) of 2. ug/i and 1z slnilar

en EZA's X5 for mezeury of $.152 ug kg day which iy ‘egeivalshe to £0

Iintaks of 1L ug/dsy for a 70 kg adult male. The World Eeslth Crgealzaniss -

has astablished n mamizua tolerable intaka of 0.3 ng ocganic

porsery/Rgldsy o adules. This cogTasponds ta 13 to 21 ug uf grgzanic

mapeasy pex day For adule fennles and melex. The WHO maxitoo talezabla

level vas hased upon the obzervazion that the lopg-temm daily togestion of -

 approxizately 130 -ugp per day of maztury as osthyl meztury bas heen :

. phsazved to cadse the onser of peurolepizal Lmpafrmenmc. Fou ndividaals
genrming 1 f4isk awal pex vesk froa #fsh cacght wt the ¥55, Iatake levils
appsas to be balew levaly that may causs sdverse heelth affaces. This
eonclealon may BT be valid for individeals wio axe ernsusing L£ish from
7SS on & mere STequent basiz.
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Eage 3 =~ ¥z, David Yazker

- Table 1. Daily snd *nﬂ:.'l.r Intaks wrlnes for mercury are dapicted Zow £1zh . .
. congucption whsrs 7.1 y/dsy of contandparsd #ixh xzc orasumad. This - o "
Incaks level spproximztes 1 £isk mexl per wask - for spory snd-swbeiszapee-

Eishernan.

: - composita iu."_i wackly

Llake cencencraticn  intake  dnrake
(ug/g) - (egfday) (ug/wesk)

34 0.27 - 10.7 75.2

as 0.24 9.5 $6.9

1 .16 . §.4 4,8

ar 9,23 7.2 4,1

" Thes FDA has cxtimsred an inteks of 57 wp/dxy of lead for the typical

Agarican &ist. Frzom lead dn fish from lakes 34 apd 36, the eceimared
Invaks from I coptaminaced firh weal Per wesk Is approximataly 1100
ug/veek or 160 ug/day. This iptaks axseeds the intaks of 100 ug/day weing
ERA’2 XCL for laad of 50 ug/l and 1asuming & 2 1/dsy vater consumpticn
rata for the cverzge adult. Fepulstieons at Increxzsed risk to laad
exposers inclede children and praghant women, sinces lemd iz capable of
croszing rhe placencal barrier. For each 100 ug pex litar of oral lead .
Jntake, an inczease of 4.3 ug of Laad pex 100 nl of dload iz a=pszted.
THD hxa escipated TRat thisx intaks level Dar cause & ¥ighificans number of
childran to, exreed the reconmended blood lead Yavel of 25 ug per 100 xi
Elood. Zead fxem fizh taken £rom lakas 34 wnd 35 has the posentisl For
Increasing lead ciporurt to chlldoes md FTtinint vomen vho copzume the
conrazinated E£izh.

Teble 2. Dully and wveekly Intske valucs for Lead axe Jupleeed Zor £1ish

-comsumprien viere 3%.38 g/day of conmxminaced F4sh ave comtumed, This
~Ineake Jevel approxinmates 1 £ixh meal pur yeck for Ipoxt smd subzisfence

Lixherzen.
ecmpesite duily wvaskly
Ixkn szneentzacion Ineake inraka
(up/8) {ng/dayld {ug/vaakd
96 5.0 159 1,114
as 4.2 167 1.170

‘The FBA hax emlculzted that the avarage Anerican dieczry intake for

-agsenie (Ax) Iix &5 —wplday. Ths pradominant food xourece Iz sweafood whigh -

Trnuger from Z o 10 ug As/g. It i3 very wmiosual fer ﬁ-shn:ar £iak o
have ‘h.'.;hu‘ levels thin thoxe found in geaford. -
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Yor the adult vhe consmees L cunmh:l:ﬂ #4sh mesl per week Ezom fish
taken from lakes 35 and 37, she veekly tneaks of arvenlc 1s abetc 3,090 .
ug/vesk ox 350 ug/day. whis fagake i3 much grestor than the intake

astsbllshed by EPA’s drinking watsr CL of 30 ng/1, which iz -wgulvslent wo LuE

15
i

100 ug/dey based mpon 3 1 1/day vates conseoption zate, Ax incake of 350 .7

wg/day would be quite wigceepeakle wire The wxpesurs servrring thrsugh

"

drinving vates. Tor svhalstamcs fizhermen zzud Fport f£icheruan vho Levs | L

moce than 1 £ish mesl pur week frem fish taken fzom lakes 33 and 37, the .5

. inzake of arseals obwiemsly vorld bs groatar. .

fable 3. Daily and weekly iaceke walues for mzsenic wre depleked for ﬂ..sh-'

conse=ptien vhere 39.8 g/day of eoncapingtad Fishk are cooyuped. This
fnrake level approxizacex 1 £izh masl par wuak for spexc and subsistence
Zizheiman. . .

conpasita - daily ?Hkl}':

. . fake- . - -cenczacration Antake Inrake
- {agfR) (ug/day) (urp/ieek) -
a3 13.9 ' 133 3,272 .
a7 - 13.8 LY} R 3,738

* ¥

tatly iazaks from eontiminaced £ish at she WES zite Has baen calouiated

" frcm The mean ith coniumption rate for spott fizlermen. Soms EpOST
#ismeznen will have highsr intake then those az=d in. these calenlations.
Alzo, it L wery likely rhac subgiatence #izhermen in the szew will
constae more Jocally caughe fish vhea ecppazed ne spoxt Ilshermen.
Tharzfore, thelr intake of thaie serals vill be increassd thus Incyressing
rheiz risk to adverse heslith cultecse. .

A& problem does exist in the mammaz In wiich the 2izh were uu'f_.‘l.:r:.n';i‘ - The ..

1mgle was psad That £1sk are saten accotding thelr proporticnal populxticn

withip each iake. TThis logic does TOE SEML wsxsonxble to me Lor
astizacing £izh consusptlon pattacmt sines sope residents may havs =
preferace for cerzzin species fn theld digr. Ix adqizien, catfish were
nor szaplad in che suzrey for hasry matal consEIt. Ix 42 very likalr that
cacFizk comprise a majer pormimm of £izh Is The dist of subalztence
Fizhprmen, Catcfish are alse Likely To have {ncyessad lLyvals of heavy
matzl bacause of Their cloze eigoclarion wirh gedimenc fesding, which 52
bhe xink for heavy metais in ponds and Iakes,

SORCLYSION

A1l Sndfvidrals wecslws some quentivy of meazcosy, azsamis, and lead from
both dietary and sdvirawpental 4xposure FOutes- Grantizatien of the
amvirommental sxposurs roace (L.e., air snd zeil Ingestien) iz mot precise
and depends largely upos lozal condicions,
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C ¥age 5 - Mr. Pavid Tazkar

' Qtnnziistlm of distszy fnkxke ey besn made By TRi fzon Toed -boskeTs
. surveys. The Iztaks of hasvy parals found iIn #1+h wt Tha WEE 43 In

‘adaition to this background srporuTe.
The cecurrence of heavy metals in coapesite #ish suzples frow the ¥I5 doas

o131y

" met poesent 4 peblic healrh Thrust $o mrad zazidenias vho hxve octasiomal. .

£igh mmals From locally eauphs Fish. HRowuswnx, zport. flsherzen and .
subsirstance fishermen may ba it fmcrspred Tiek To sdvezze bhatlth sffectz
1F a major poruion of the £ich In chefp diat comes Erem Tthe lakez with
heavy metal contaminated #igh, A grest deal of warizcion exists in che
£5shing xnd sating habizz of these tws populavdony: therafpze, iz Ia
difffeule to guanzitats thalr astal intxke with eszrainty. ¥y uaing the
svazage consumptlon rate for sport flgherman Lroa rhy Czrasc Iakes oiwx,
" epe cam -Gbrain seme ¢uantizetive 1ldes of rhe poteatial intake levzls.
Eovever, because of mmcarizinty {n srtinsting dietary Iish dneake, one
should mer =aly strictly wpod tha grantirztiva resulres which tsads e
inAtcpzn z potentizl probisk, Tha majaz codters imvolvaz thosa '
indfvriduxle and theix families vhu rely heavily on £ish Zzem thae W53. _
7pis populatien has the pacentiy) for axcesding =he rafety £serer mzed Im -
sscabiishing scceptabls heavwy metal Inmaker. o

RECOIMENDATIONS

1. tollect composite zamples of species specilic fizh frem lakes in
the WSS. -Include saziish 25 3 separite. spesies To be eviloazed.

- Ii:’r;'l:i.-"]f swbpopulationz, 1ike spoTt. Eizhernen and subsistenca
 Fiahermen whe BIpht uss the lakes a% The W5S and edugate them B¢

ths potwntial hazazd.

1, Firh Erom the WES aboild met be conzuied mors than cnse PET ‘sonth.

Ressid Nt llosudy
David ®. ¥ellsxd, Ph.D.




MISSOURI DEPARTMENT OF CONSERVATION

MAILING ADDRESS: STREET LOCATION:
PO, Box 150 - 2901 Korth Ten Mile Drive
Jeilterson d&?, Missouri 65108:01%54 " Jefferson City, Missour]

' Telephare 11417514115

LARRY B. GALE, Direcior

April 20, 1984

- Ms, Gale P, Turi
- FUSRAP/Surplus Facilities Gruup :
Division ¢f Remedial Action Projects
Department of Energy
Washington, D.C, 20543

Dear Ms, Turi:

_ En¢losed you will find two sets of data that we received mncerning

.- water samples and fish samples tsken from our Weldon Spring and Busch

Wiidlife Areas, I was not sure where you wanted this infermation sent 50 1
have mailed it directly to you for distribution.

Based on the results of these studies we have opened our ereas to

fishing in the usual menner, Bowever, we have taken the precaution of

~ posting signs which indicate that the public should drink only from approved

- sources since both Burgermeister Spring end Lake 36. had elevated concentra—
tions of redicnuclectides, es indicated by the results of ocur sampling analysis,
In eddition, we have not opened the wildiife trail that runs south from the)
Army property along the former drainage easement, We understand that there/
may be spots of radiogetivity in that area so we have delayed a formal
opening of this treil. Your comments and edvice regarding any potentlal
hazard to the public along this ares would be apprecisted.

A5 .you -are. aware, our primary concern is for the safety of. the
pecple visiting our wildlife arees, We sincerely hope that your agency will
find & method to contain the radioactive materials on your property in

addition to removing any dangercus levels which are discovered on either
the Busch or the Welden Spring Ares.

Thank you very much for the preporis of the aeriel rndmhpcal
su.rveys of the Weldon Spring Chemical Plant. 1 have sent them to our Fish-
eries Division so if you want these returned, please let me know, OQur Fish-
erfez Division is also jnterested in eny additional information that you might
have cutside of that shawn on your maps, regarding properties now belonging

to the Depertment of Conservation (formerly proparty of the Univemty of
Missouri). :

COMMISSION

| JEFF CHURAN . CARL DISALVO JOILX B. MAHAFFEY . RICHARD T. RE
Chilicothe $t. Louds _  Springlield East Praitie




' Ms. Gale P, Turi ' . ' -\“Uﬁ"l
Page 2 . . : :
April 20, 1984 - G . R

I have one final request concerning the Weldon Spring-ares, When - -
* we mequired this property from the University of Missouri there were several -
easements attached to the deed., Some of these essements dated back more. -

" than ‘twenty years. and should have terminated mmtomatically, -In addition, s
there . ware other areas that wers to-be marked, or were to be kept from -
public use., We &are somewhat . confused - as to the current statns of these - .. -
easements under current federsl guidelines. Would you have your real eslate
division update us on what they conclude are the viable easements that

remain atiached to this property now known es the Weldon Spring Wildlife
Area? :

Thenk you very much for your cooperation, I do hope that the
" seoping -plen will be worked out so-that you will be able fo eontein and to
‘find & scolution to this problem In the nesr future,

Sincersly,

CAROLYN deROOS
ASSISTANT GENERAL COUNSEL

OdeRiea
Enclosures
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