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1.0 ° INTRODUCTION

The Weldon Spring Site (WSS) is a U.S. Department of Energy
(DOE) surplus facility located in St. Charles County,
Missouri. This document presents a description of the study

plan and scope of work to determine and characterize the

level of potential human exposure to radionuclides,

polychlorinated biphenyls (PCB’s), and EPA-CLP Metals from

. the food pathways at the WSS. This will be accomplished by

a statistically representative sampling effort of biota
available for human consumption from various locations
around and within the WSS. The finél report will describe
the methods used in performing the survey, summarize the
results, and discuss their significénce. This effort is
fundamental in providing data used in an Endangerment .
Assessment aé part of an RI/FS procéss under the |
Comprehensive Environmental Response, Compensation ahd

Liability Act (CERCLA).

The analysis of the food ppthways for the surrounding
population is necessary in.assessing the risks to human
health from pathway ingestion of biota living in or near
contaminated sediments and water. Chemical and radiological
exposure in humans and the relevance of data in establishing

design and action limits will be reviewed.
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The study will combine estimates of avefage consumption. by
humans with measured contamination levels in edible tissues

for input into a metabolic model. The approach taken will

'measure the actual uptake by edible aquatic and terrestrial

biota and then éaicglate the human uptake from consumption

‘of contaminated tissue based on assumed ingestion rates.

The goal of the sampling is to collect approximately
thirty-nine (39) kilograms of sunfish, twenty-eight (28)
kilograms of catfish, two (2)Akilograms of minnows, sixteen
(16) kilograms of largeﬁouth bass, five (5) kilograms 6f
crappies, thirty-two (32) kilograms of frogs, and a minimum

of seven (7) kilograms of both rabbits and squirrels.

Electrofishing methods will ‘be utilized for the collection.;

‘of aquatic samples. This method will provide randomness in

fish samples. Individual.sampies weighing approximately
less than 50-75 grams will not be kept, assuming these
samples would not be kept for consumption b& typical members
of the public and uptake would be minimal compared to more
adult samples. ° Frogs will‘be collecte@ using hand-held

nets.

Terrestrial biota samples will consist of small mammals such
as rabbits and squirrels. Live traps will be used for the

capture of these mammals. Since the population of these
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mammals is iimited, the traps will be set adjacent or above
the areas of contamination. The samples collected will be
assumed to live and intake representative amounts of

contaminants for populations living near the site(s).

Deer, turkey, geese, and ducks will not be sampled at this

time. These animals are very mobile, readily moving on and

.off the Weldon Spring Site. For this reason, it would be

extremely difficult to interﬁret'both positive and negative
results since no estimate of the percentage of their time

spent -on site can be substantiated.

Investigations of offsite radiological migration in soil and
water have'focused on uranium, dueiin part to its higher.
solubility and quantity compared_to.the other radionuclides
present at the WSS. These uranium compounds are also
soluble in the body and will incorporate into the soft
tissues and bone. Thus, all onsite and offsite samples will

be analyzed for uranium.

Surface water outfall sample results from the WSS have

- background concentrations of radium and thorium. Radium and

thorium compounds are insoluble and incorporate primarily in
the bone. Therefore, samples from the offsite waterbodies

will not be analyzed for radium and thorium because their



b !!-N"F-l’ —

l\ . !

d

> 3

"uptake in tissue samples are expected to be below detectable

levels.

Composite samples col;ected from the Raffinate Pits, Frog
Pond, Quarry Sump, Lake 37, and from small mammals will be
analyzed for radium and thorium. Detectable quantities of
radium and thorium may exist in the onsite samples due to
the higher concentrations of the radionuclides in the

waterbodies.

-

One composite fish sample from each off-site water body will

also be analyzed for PCB’s and CLP metals. Since the WSCP:

was operational at a time when PCB’s were routinely used,

the potential exists for the presence of the contaminants.
Many of the 61d électrical tranéformers contain PCB’s in
varying concentrations. In addition, ongoing investigations
have indicated PCB’s to be present in low concentrations on
floors, equipment, and in hydraulic lines at the WSCP.

These releases were a result of accidental spills and
careless use, not routine.releéses due to operational

procedures.

Draft versions of the Biological>Uptake Plan included the
analysis of biota samples for nitroaromatics. This was.

based on the potential for the laboratory to perform-such



analyses. Subsequent research indicates the general lack of
knowledge about the uptake and bio-degradation and
metabolism of nit:oaromatic compounds by animals.and,humans.
It would, therefore, be very difficult to interpret
analytical results. Second, there is no accepted
methodology for analysis of nitroaromatic compounds in
tissue. Recovery of target compounds following accepted
extraction procedures-is e#pected to be ektremély low. 1In
addition, bio-degradation products may not be detected and
the lower limits of detection will not be low enough to

consistently detect the concentrations anticipated.

Therefore, nitroaromatic analyses have been deleted from

this plan.

The additional analyses of semi-volatiles were considered,
but were discounted for the same factors as discussed for
nitroaromatics. Sufficient information éoncerning uptake,
biodegradation and metaboles is inadequate and an acceptable

methodology has not been developed.
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2.0 -  SITE HISTORY AND ENVIRONMENTAL SETTING

From 1941 to 1944, the U.S. Department of the Army (DA)

~6perated the Weldon Spring Ordnance Works for production of

trinitrotoluene (TNT) and dinitrotoluene (DNT). During this
operation, sﬁaller areas of the 17,000-acre site were.
contaminated by TNT process materials. 1In the'mid-1950's
220-acres of the Ordnance WOrks.property were transferred to
the U.S. Atomic Energy cOmmissidn (AEC). From 1957 to 1966,
the AEC operated a uranium procegsing facility (Mallinckrodt
Chemical Works) at the site. Dufing the operaiion of this
Feed Materials Plant, the buildings, equipment, and.
immediate terrain of the plant (220-acres) became
contaminated with radionuclides in the Uranium

transformation series.

After closure by the AEC, the Féed Materials flant‘was
reacquired by the Army in 1967. The'Army partially
decontaminated the buildings, dismantled some of the
equipment, and began converting the facilities to produce
herbicides. In 1969,.priérlto the Chemical Plant (WSCP)
becoming operational, the herbicide project was canceled.

In 1985, the custody of the WSCP was transferred from the DA
to the Department of Energy (DOE). 1In conjunction with this
transfer, the Weldon Spring Site Remedial Action Project

(WSSRAP) was created as DOE Major Project Number 182.



surface water runoff from the north and west sides of the

220-acre WSCP, .as well as potential overflow from an onsite

‘water tower, flow to Ash Pond (Figure 1). Water from Ash

Pond travels through an overflow conduit for approximately
100 m, surfaces, and then flows to Lake 35 on the August
Busch Wildlife Area, to Schote Creek, Dardehne Creek, and
eventually the Missiésippi River (Figure 2). Lake 35 is the
closest lake receiving effluent from Ash Pond in an
unrestricted area. Lake 35 is used for recreational

activities such as fishing and boating.

Water from Ash Pond also discharges via undergroﬁnd'
connections to Burgermeister Spring, Lake 34, Dardenne
Creek, and eventually thé Mississippi River. At present,
there is no recreational use of Bﬁrgermeister Spring, but
Lake 34 is used for recreational purposes similar to Lake
35. Lakes 34 and 35 are ﬁot used as drinking water or
irrigation sources. Since operations in 1967 ceased; the

discharge from Ash Pond has become an intermittent stream.

Surface water runoff from £he northeast portion of the WSCP
drains into Frog Pond. An intermittent streém out of Frog
PondAflows‘north to Lake 36. The outfall of Lake 36
discharges into Lake 35, Schote Creek, Dardenne Creek, and
eventually the Mississippi RiQer. Lake 36, located in the
Busch Wildlife Area is the closest lake receiving effluent

from Frog Pond in an unrestricted area. Lake 36 is also
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used for recreational activities such as fishing and boating

but not as drinking water or irrigation sources.

On the southeast corner of the WSCP, the outfall of the Imhoff
Tank, the forﬁer WSCP sanitary sewage system, flows down a
drainagé ditch to the Missouri River. This drainage contains
numerous areas of ‘elevated radionuclide concentrations.
Currently, flow through the Imhoff Tank results from the
infiltration of storm water inflow to the sewer system.
Sanitary wastes no longer enter the sewer syétem.

The Weldon Spring Quarry (WSQ) is approximately 4 miles to the.
south-southwest of the WSCP. Radioactive wastes were disposedl
of in the WSQ by the AEC from 1957 to 1966 (Figure 3). The DA
also disposed of TNT process wastes into the WSQ A larée- |
portion of the AEC radloactlve wastes were from Malllnckrodt
Chemical Works’ Destrehan Street Feed Plant in St. Louis.

Materials from this plant were contaminated with radionuclides

in the uranium transformation series.

The Femme Osage'Slough is locéted in the Weldon Spring Wildlife
Area, appro#imatélylsoo-feet SSE of the WSQ sump in an’
unrestricted area (Figure 3). Thé'sump is believed to be
hydraulically connected to the slough. The slodgh is not used
as a source for drinking water or irrigation, but is fréﬁuently

used for fishing (Figure 4).

- 10 -
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Lake 37, located at the western end of the Busch Wildlife Area,
will be used as a background location for fish and frog
samples. This lake does not receive runoff from either the
Army Ordnance Works or the Weldon Spring site and should
therefore be free of contaminants. In addition, Lake 37 is
generally upwind of the Weldon Spring site and over three miles

away.

Average radioactivity levels in surface and runoff water
samples taken from in and around the WSS in 1986 are presented

in Table 1. These average values are presented in the WSS 1986

Environmental Monitoring Report. The data represents samples

taken at quarterly intervals which are then averaged. over the

entire year. The activity levels in waters will decrease with
the increase of distance~from site mainly due to dilution by

lake waters and/or other water. sources.
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TABLE 1

.RADIONUCLIDE CONCENTRATIONS FROM 1986 ENVIRONMENTAL MONITORING
DATA.

RADIONUCLIDE CONCENTRATIONS (pCi/l)

- 14 -

LOCATION
‘ TOTAL U Ra-226 Th=230

Lake 34 17 0.28 1 0.20
' Lake 35 11 0.18 0.25
Lake 36 36 0.13 0.18
Frog Pond Outfall 29 . 0.20 1.37
Ash Pond Outfall 2700 0.10 0.0
'Raffinate Pit #3 110 160 3.0
Raffinate Pit #4 1900 77 160
Femlﬁe Osage Slough 54 0.31 0.28
Quarry Sump 1240 1.0 1.5
Ash Pond 3000 <1.0 <2.0
Frog Pond 30 0.33 1.37
SOURCE: EMR, 1986; 1987
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3.0 SAMPLE COLLECTION

.Biofa samples will be collected from locations both on and off

the WSS. Locations of fish, frog, and small mammal collection
areas are shown in Figures 5, 6, 7, andls. Fish will be
collected using electrofishing methods and minnow traps, while

small mammals will be collected using live traps..

Electrofishing involves the use of a gas powered electric .

generator to introduce an electric current into the water near

the boat. This temporarily stuns fish long enough to be netted

and placed in a container in the boat. Electrofishing will be .

"

conducted by Missouri Department of Conservation (MDOC) personnel
for all sites located on the Busch and Weldon Spring Wildlife
Areas. Electrofishing will continue at each site:until a
sufficieﬁt qgantity of fish is collected to fulfill the sample

requirements. (Table 2)

Five composite samples will be collected, if poésible, at each of
the offsite locations. Three of the five composites will be |
composed of filleted speéimens representing the foliowing fish}'
largemouth ﬁass, sunfish, and catfish. These three composites
will represent only edible portions of fish tissue. In Lake 35,
the largemouth bass composite will be replaced by crappie since
this lake has an overabundance of crappie and few bass. It is
curreptly being managed with special regulations to reverse this

trend. The fourth composite will consist of sunfish that have

- 15 -
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AREA

Iake 34

I.ake_35 ,

Lake 36

Frog Pond

Raffinate
Pit #3

Raffinate
Pit #4

Femme
Osage -
Slough -

TABLE 2

' DESCRIPTION OF SAMPLES COLLECTED

SPECIES

largemouth bass, fillets
Sunfish, fillets
Catfish, fillets
Sunfish, cleaned -

Frogs (legs)

Fish Composite, fillets

Crappie, fillets
Sunfish, fillets
Catfish, fillets
Sunfish, cleaned
Frogs (legs)
Fish Composite, fillets

‘Largemouth bass, fillets
Sunfish, fillets '
‘Catfish, fillets
Sunfish, cleaned

Frogs (legs)

Fish Composite, fillets

Sunfish, fillets
Catfish, fillets
Frogs (legs)

Minnows, whole

Sunfish, fillets
Catfish, fillets
Sunfish, cleaned
Frogs (legs)

largemouth bass, fillets
Sunfish, fillets
Catfish, fillets
Sunfish, cleaned

Frogs (legs)

Fish Composite, fillets

Catfish, fillets
Sunfish, fillets
Frogs (legs)

Fish Camposite, fillets

MINTMUM MINIMUM
AMOUNT OF AMOUNT OF
SAMPLE COLLECTED SAMPLE SUBMITTED
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 1200 g (2) 800 g
3000 g 300 g
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 1200 g (2) 800 g
3000 g 300 g
(2) 2000 g (2) 800 g
2000 g 800 g
.2000 g 800 g
2000 g 800 g
1200 g 800 g
3000 g 300 g
2000 g 800 g
2000 g ;: 800 g
2000 g 800 g
5000 g 500 g
2000 g 800 g
2000 g 800 g
2000 g 800 g
1200 g 800 g
5000 g 500 g
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 2000 g (2) 800 g
(2) 1200 g (2) 800 g
3000 g 300 g
(2) 2000 g (2) 800 g
2000 g 800.g
2000 g 800 g
5000 g 500 g
2000 g 800 g
- 20 -




TABLE 2 (Continued)

MINIMUM MINTMUM
AMOUNT OF AMOUNT OF .
AREA SPECIES - . SAMPLE QOLLECTED SAMPLE SUBMITTED
lake 37 Sunfish, fillets 2000 g 800 g
(Back- Catfish, fillets ' 2000 g 800 g
ground lLargemouth bass, fillets 2000 g 800 g
location) Sunfish, cleaned 1200 g 800 g
Frogs (legs) 5000 g 500 g
Fish Composite, fillets 2000 g 800 g
Ash Pond Rabbit 71600 g 800 g
Area Squirrel - 1600 g 800 g
Quarry  Rabbit S 1600 g . 800 g
Area Squirrel ' 1600 g 800 g
Frog Pond Rakbit 1600 g : 800 g
Area Squirrel 1600 g .. 800 g
Inhoff SE Rabbit _ 1600 g . 800 g

Drainage Squirrel 1600 g 800 g
Easement ‘ : :

‘A total of 65 samples will be submitted.

- 21 -




been c1eaned.and scaled but not filleted. This composite will
represent fish used t§ make fishcakes, é common method of
preparation for small edible fish. The fifth composite sample will
be made up of repreéentatiVes of all species collected, equally |
represented by weight. These samples will be filleted and analyzed

for PCB’s and CLP metals.

Locations that will be sampled on-site include Frog Pond, the
quarry sump, and Raffinate Pits 3 and 4. While fish have been
sited at some onsite surface bodie§, it is uncertain that
sufficient samples can be collécted positi?ely known to occur in.
these on-site waterbodies. Electrofishing will therefore be:
utilized in an attempt to obtain saﬁples from these 1ocations.-vIn.
addition, minnowltraps will be set so that a composite sample of-
whole minhows can be colleéted if 1arger_fish:are,unavailable.
Some type of fish sample from on-site locations is importént since
this represents'a "worst case" situation of a high radionuclide

uptaké.

Two separate fish sampling locations have been selected.ét Lakes 34
and 35 on the Busch Wildlifé Area due to the large size of these
lakes. The locations are at the inlet and outlet ends of these th
lakes. This is being done to see if there is any dilution factor

or difference in fish uptake. Higher concentrations might be

~expected at or near the inlets. Lakes 36 and 37 will be sampled

only at the inlet ends. Lake 37 has been chosen for use as a

background location. This lake does not receive runoff from either

_22-
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the WSCP or the DA Ordnance Works abandoned'facility.

Two 1ocation$ will also be sampled in the Femme Osage Slough.

" The first location is just below the WSQ near the confluence of

the Little Femme Osage Slough. The second location is in the

eastern end of the Femme Osage Slough on the other side of the

. access road crossing the Slough (see Figure 8).

- 23 -



4.0 METHODS OF ANALYSIS

Approximately 100 grams of fish ﬁissue per sampie wiil.be:;equired
for the laboratory analyses éer radiﬁnuclide. Fish‘willvbé cleaned
or filleted, depending on the sample, at the end of each day. Fish
samples will be_stored in labeled plastic bags and frozen prior to
shipment to the lab for rad;onuclide analysis. The composite
samples that will be analyzed for fCB’s and CLP Metals will bé
stored in aluminum foil instead of plastic bags. At the o
laboratory, each composite wiil be homogenized and extracted as
required for the specific analyseé to be performed. A summary*of '

the appropriate analysis to be performed on samples are presented

in Table 3.

Samples of frogs will be collected from each of the water-body

locations. Frogs will be collected using hand-held nets. If thi:

sampling cannot. be accomplished in daylight, it will be attempted
at night with lights. This method is often used by sportsmen to
qig ffogs. Frog specimens will be prepared by-remo;ing~the legs,
skinning them, and cutting the meat from the‘bones. These sample

will represent the edible poftion of frog tissue. Samples will }

bagged, labeled and fressu Prior to shipment to the laboratory.

Small game mammals, such as squirrels and rabbits, will be

collected by live traps set at various locations around the

- 24 -
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AREA.

Lake 34

Lake 35

Lake 36

Frog Pond

Raffinate
Pit #3

" Raffinate

Pit #4

Femme
Osage

- Slough

Quarry
Sump

Table

3

DESCRIPTION OF SAMPLES COLLECTED AND

THE APPROPRIATE ANALYSIS

SPECIES

Largemouth béss,'fillets

Sunfish, fillets
Catfish, fillets
sunfish, cleaned
Frogs (legs)

Fish Composite, fillets

Crappie, fillets

Sunfish, fillets

Catfish, fillets

Sunfish, cleaned

Frogs (legs)

Fish Composite, £

Largemouth bass,
Sunfish, fillets
Catfish, fillets
Sunfish, cleaned
Frogs (legs) _
Fish Composite, £

Sunfish, fillets

Catfish, fillets
Frogs (legs)

Minnows, whole

illets

fillets

illets

sunfish, fillets

Catfish, fillets

Sunfish, cleaned '

Frogs (legs)

Largemouth bass,
Sunfish, fillets
Catfish, fillets
Sunfish, cleaned
Frogs (legs)
Fish Composite,

Catfish, fillets
Sunfish, fillets
Frogs (legs)

fillets

fillets

Fish Composite, fillets

TOTAL
URANIUM

E HKH XX T e ]

]

MMM MMM N b

Bl ke

- 25 -

Ra-226 & PCB’s &
Th-230 METALS
X
X
X
X
X
P
X
X
X
X
(
X
X
X
X .
X
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Table 3 (COntiﬁued)

DESCRIPTION OF SAMPLES COLLECTED AND
THE APPROPRIATE ANALYSIS

: -TOTAL . Ra=-226 & PCB’s &
AREA - SPECIES URANIUM . Th-230 METALS
. Lake 37 Sunfish, fillets X X
(Back- Catfish, fillets X X
ground Largemouth bass, fillets X X
location) Sunfish, cleaned X X
Frogs (legs) X X _
Fish Composite, fillets ' < X
Ash Pond Rabbit X X
Area Squirrel X X
Quarry Rabbit - X X
Area Squirrel X X
Frog Pond Rabbit X X
Area Squirrel - X X
Imhoff SE  Rabbit r X X
Drainage Squirrel . X X
Easement

- 26 -
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Weldon Sprihg Site. Traps located on the WSCP and WSQ will be
focused at boundary areas where animals can migrate on and off
site being accessible to hunters. Figure 5 shows the proposed
locations where traps will be set in the WSCP area (Frog and
Ash Pond). Figure 6 illustrates the locations for the WSQ

area.

Live traps will be set in fhe'approximate locations shown on
the figuresvwhere suitable habitat exists. Traps/will be
baited and checked daily until theisamp}ing effoft has been
completed.. Only small mammals commonly eaten by hunters will .
be kept. Others, such as opossums and raccoons, will be
released unharmed. Animals kept for analysis will be killed
using a pellet gun at clbse range, skinned, and cleaned, so

that tissue samples represent only edible portions.

<

' Each small mammal composite sample will consist of a minimum

of 3 individuals. At the WSQ and southeast drainage easement
locations, rabbits will probably be difficult to obtain since
these locatiéns are densely wooded with little open or brushy
habitat éuitable for rabbitg. Shbuld thié be the case, the

rabbit composites from these two locations will be deleted.
Small mammal composite samples will be handled in a similar

manner as the fish. Composites will be made after skihning

and cleaning the animals. The animals will then be stored'in

...27_



labeled plastic bags and frozen prior to shipment to the lab.

Chain of Custody records will be utilized for a written record

of the sampling effort. These records will verify fhét the

‘'samples were not tampered with or altered prior to laboratory

analysis.

The analysis for uranihm, radium, and thorium should have a
lower limit of detectability of o.oi pCi/g.  The level of
uranium activity in soft tissues is expected to be slightly
above this range froﬁ the offsite waterbodies.
Polychlorinated biphenyls (PCB’s) and metals analyses only
require 25 and 5 grams for analysis respectively and have a

lower limit of detectability in water as listed below:

- 28 -



METALS - DETECTION LEVEL
o (ug/L or ppb)

Aluminum . . 200
Antimony " 60
Arsenic 10
Barium 200
Beryllium 5
Cadmium S
Calcium : 5000
Chromium 10
Cobalt " 50
Copper * 25
Iron : _ 100
Lead - ' S |
. Magnesium . 5000
-Manganese ' 15
Mercury 0.2
Nickel - 40
Potassium 5000
Selenium 5
Silver 10
Sodium . 5000
Thallium 10
Vanadium 50
Zinc © 20
PCB’S DETECTION LEVEL

~(ug/L or ppb)

PCB-1016 : 0.5
PCB-1221 . 0.5
PCB-1232 0.5
PCB-1242 0.5
PCB-1248 0.5
PCB-1254 1.0
PCB-1260 1.0

Environmental Protection Agency (EPA) Contréct Laboratory
Program (CLP) Test Method 608 will be used to analyze sémples
for PCB’s. This is a gas chromatographic (GC) method

applicable to the determination of the compounds listed above.

v T
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EPA-CLP method. for inorganic analysis based on Caucus

Inorganics Protocol will be used to analyze samples for Metals.

These metals are determined by inductively coupied plasma

emission or Atomic Absorption Speétroscopy.

Uranium will be analyzed per EPA Method 908-ASTN. Radium-226
will be analyzed per EPA Methods 903.0 and 903.1. Thorium-230
will be analyzed per the procedure developed by the EPA Eastern.

Environmental Radiation Facility (EERF 00/07).
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5.0 DATA ANALYSES

The set of data along with assumptions made on dietary intake

~will be used to calculate the radiation dose from internally

deposited radionuclides. Cumulative risk estimates from
lifelong intakes will assume a linear dose-response , !

relationship for cancer induction at environmental 1levels.

‘Important considerations for determining body content of a

radionuclide after it is ingested are time and'age dependence
of the intake. For purposes of the present analysis, it may be -
assumed that animal and fish tissue concentrations remain

constant at an equilibrium value with a fixed daily intake. of

‘contaminant. The consumption of these biota by humans will

have the same assumptions appiied.' Since dietary composition
and its source can change, this may lead to a conservative
ovérSimplification. Also, some of the ﬁetabolic parameters may
change due to age dependenc; over the course of intake. The

present analysis will assume metabolic parameters of reference

map (ICRP No. 23).

The International Commission on Radiological Proteétion hasA
developed mathematical models which determine body content of a
rédionuclide after it is ingested. The bone is the major site
for uranium, radiﬁm) and thorium accumulation. The bioiogical
turnover or half life of a fraction of these is slow,

therefore, skeletal cancer will be regardéd as the major
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potential . radiobiological effect of ingestion by humans. The
metabolism of the biota and the concentrationbof the
contaminant in their tissue has the primary effect in these

calculations. The primary focus will be given to the careful

dissection and sample analysis of only food parts from the

biota to determine the biota uptake. There is a wealth of data

.for the assumptions made on uptake and the metabolism in human

beings. From this study, the action levels édopted to control

radiological risk are to limit the likelihood of bone cancer
induction for the nearby population, though calculations will.

be based on a hypothetically maximum exposed individual.

The quantitative relationship between uranium intake and kidney
damage have been measured in several species of animals.
Proximal renal tubule cells are killed by high acute or lower
chronic d§sages of soluble uranium compounds. The limiting
concentration for chronic intake is 110 ug per day (Wrenn,
1985). From this level of intﬁke, the toxic effects should be
sufficiently low to nonexistent in the kidney. Kidney damage
may be expected to occur gfadually above this uranium

concentration.

Radiobiological Effects of Uranium

The concentration determined in the fish tissue will be
multiplied by 4086 grams per year (USDA, 1986) to give the

total activity ingested by a hypothetical individual in a one
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year time interval. Using the methodology described in ICRP’s
26 and 30, the 50-year committed dose equivalent and effective

dose equivalent will be calculated.

'Example{ The Effective Dose Equivalent for a hypothetically

exposed individual who consumes fish tissue
contaminated with uranium. Assume 1.0 pCi/g total
Uranium in fish tissue is found by laboratory

analysis :

Radiobiological Dose (mrem) = (1.0 pCi/g) X (4086 g)
X (1.0E-06 uCi/pCi)
X (0.25 rem/uCi) X (1.0E+03 mrem/rem)

= 1.0 mrem (whole body') or 1.0 E-05 Sv.

Example: The 50~yeaer6mmitted Dose Equivalent to the bone for
a hypothetically exposed individual. Assume 1.0
pCi/g total uranium in fish tissue is found by

laboratory analysis:

Radiobiological Dose to Bone (mrem) = (1.0 pCi/g) X (4086 g)
X (1.0 E-06 uCi/pCi) X (4.2 rem/uCi)

X (1.0 E+03 mrem/rem) = 17 mrem (bone) or 1.7E-04 Sv.
The radiosensitive cells in bone have been identified as the

endosteal cells and epithelial cells on bone surfaces. For

purposes of radiation protection, the number of excess cancer
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fatalities for bone cancer is 5 per 10000 individuals per

' Sievert (Sv) (ICRP No. 26).

Example: Bone cancer risk

Bone cancer fatalities per 10000 exposed individuals =

(1.7 E-04 Sv) X (5 fatalities/sv)

=‘9.Q E-04 fatalities/10000 individuals exposed to this
‘level. o :

The number of excess cancer fatalities is dependent upon the-
C
number of individuals consuming 4086 grams of fish from a

contaminated lake. If 100 million” individuals caught fish

from a lake with this émount of éontaminant in the fish

tissue, then 9 of these individuals would die of bone cancer.

Chemical Toxicity Effects of Uranium

The concentration determined in the fish tissue will be
multiplied by 11.2 grams per day (USDA, 1986)* to give the
average‘intake. Gastrointestinal absorption of uranium as a
function of intake will decrease with increases in intake.
Therefore, a daily average or chronic intake is used for

conservatism in these calculations.

According to recent studies, the fractional gastrointestinal

(GI) absorption from the GI tract to the blood is 1.4 percent.
* Rabbit, squirrel and frog - assume 2000 grams per Yyear.
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A blood-to-kidney transfer factor of 11 percent (Wrenn, 1985)
is assumed, with a 15-day half-time in the kidney. The amount

of uranium in the kidney at equilibrium would then be as

follows:
A, = (£,/1n 2) X (f21) (T,) = (0.014/1n 2) X (0.11)(15)
= 0.033 or 3.3 percent
where: A, = amount of uranium in the kidney .at
) equilibrium .
f = fractional GI absorption from GI tract to
& blood _
f,, = fractional transfer from blood to kidney
T half-time in-kidnej compartment

Using 0.6 ug/g as the limiting concentration (CL) in- the kidney
(below the injury threshold, Wrenn, 1985), a safety factor(S)
of 50(NAS-77) and kidney mass (m= 310 g), the limiting daily

intake (IL) would be derived as:

1.

(C;/S) (Ay/m) ="(0.6/50)/(0.033/310)

= 110 ug per day

If the measured concentration in the fish tissue is 1.0 pCi/g
then the percent of the limiting daily intake would be

calculated as:

(C) X (CF) X (A) X 100%
I
(1.0 pCi/qg) (0.677 ug/pCi) (11.2 g) X 100%
. : 110 ug

I.%

7%

- 35 =



|
|

Assumed concentration in fish tissue

—

where: C
CF = Conversion Factor for a mass of natural.
uranium toiits.activity.
A = Amount of fish ﬁissue ingested daily

I. = Limiting Daily intake

Nitroaromatic Toxicity Effects

Available data pertaining to bNT and TNT exposure is limited at
this time. Animal studies indicate‘significant species and |
strain differences in the excretion of DNT isomers. There is.
growing evi&ence from research that DNT’s are carcinogenic,
although the potency of the different isomers in cancer
induction is not well characterized. The primary site for TNT
toxicity is the blood system'ana liver. The,mosﬁ serious-‘
systemic effeéts of acute TNT poisoning in humans are toxic

jaundice and toxic hepatitis.

The potency of DNT varies in studies, so to assure the
protection of public health from carcinogenic effects, a 10-6.
cancer risk level has been assumed by the EPA at the dosage of

2

6.4 X 10 ‘' mg/kg/day. Since studies have provided no evidence

of TNT carcinogenicity, an Allowable Daily Intake (ADI) has

been used for a no-observed-adverse-effect level at 1.4 X 10>

mg/kg/day.
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By comparing actual contaminant levels with these criteria, the
actual risks incurred from ingesfion of biota tissue containing
these nitréaromatics could be estimated. The development of
criteria is stiil based on a variety of conservative
assumptions and safety factors so that ﬁo adverse health

effects would be expected.

At the WSS, determinations regarding thetlevels of
contamination in water are being reviewed and studied,‘ Again,
untii the different TNT and DNT isomers are better |
characterized and the breakdown producté in tissues reviewed
for carcinogenic effects, céntaminant levels in tissues along
with the §ariety of assumptions and safety factors will make.
the criteria and an acceptable risk far lower than the present

day detection limits for these nitroaromatics in tissues.

Discussion

If the biota sampling results in significant findings, routine
collection and analysis may pe added to the Environmental
Monitoring Plan. The radiationldose calculated from edible
parts of biota samples and measured data for water
concentrations will be compafed. The chemical toxicify and
percent of Limiting Daily Intake from edible parts will be
reviewed. The findings from this program will be summarized and
interpreted in the Endangerment Assessment section of the

RI/FS.
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If measured offsite concentrations increase and conditions .
change significantly in future opérations/ the need may arise
for additional studies. Sampling effofts at onsite locations
with higher radionuclide concentrations may provide better

estimates and determinations for outcomes of such releases.

The DOE radiation dose limit for an unrestricted area is 100
mrem/yr above background for whole body exposﬁre. The DOE
Administrafive action level is 25 mrem/yr above background. A.
hypothetidal individual consuming such biota from the vicinity
of WSS would receive internal exposure via the food pathway and
by ingestion of contaminated water. If calculations suggest
the radiation dose to an individual is greater than 50 percent
of the administrative action level, then biological sampling
will be included in the Environmental Monitoring Plan based on

radiological concerns.

An administratiye action.limit for chemical toxicity to uranium
has not been developed. If calculations suggest the chemical
toxicity to an individual is'significant, then biological
sampling will be included inlthe Environmental Monitoring Plan

based on chemical toxicity concerns.

In the Appendix, Table A-1 lists the estimated costs for
laboratory analysis of the samples. An increase in cost is due
to a much lbwer limit of detection required in the analyses of

radionuclides. The total number of man-hours required to
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complete the sampling, mobilization of equipment, and sample
preparation are estimated in Table A-2 in the Appendix. MDOC
will be supplying equipment and-personnel for the sampling on
the Busch Wildlife Area, however, sampling on the WSS will
require the use of Project equipment and materials. A list of
the necessary eqﬁipment and materials needed for the entire

sampling operation are listed in Table A-3 in the Appendix.
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APPENDIX

Table_afi

The Laboratory Analyses With

Unit Costs

TYPE OF ANALYSIS UNIT COST ESTIMATED NUMBER
Total Natural Uranium 120.00 59
Radium=-226 200.00 24
Thorium=-230 200.00 24
CLP-Metals 300.00 9
PCB’s 150.00 9
Table A-2
Estimated Amount Of Time Required
To Complete The Sampling Operation
AREA MAN-HOURS

Lake 34 * 24
Lake 35 * 24
Lake 36 * 24
Lake 37 * 24
Frog Pond : . 24
Raffinate Pit #3 24
Raffinate Pit #4 24
Femme Osage Slough #* 36.
Quarry Sump 36
Total Man-Hours 240

* Locations will be assisted b& MDOC personnel.

Ssampling efforts will begin after September 28, 1987. MDOC

personnel will be notified well in advance of operation.

mammal traps will be set after September 28, 1987.

be checked on a daily basis until minimum sample numbers

obtained.

small

Traps will




Table A-3
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- Equipment And Materials Needed For The Sampling Operation

1. Small mammal traps (18)

2. Boat or raft for onsite

3. Electroshock apparatﬁs for onsite

4. Small mammal dissection kits
5. Fish filet equipment
6. Sample collection bags

7. Radiation monitoring equipment

8. Life preserveré_

9. Rubber boots & gléves

10. Rain suits

11. Transport for boat or raft
12. Sample prep table

13. Waste containers

14. Permits
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