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NOTATION

The following is a list of the acronyms, initialisms, and abbreviations (including units of
measure) used in this document. Some acronyms used in tables or equations only are defined in the
respective tables or equations. '

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

General

ADD
AWQC-
BRA
CERCLA

COEC
COPC
DCF
DOE
EEQ
EPA
FS
IAEA
ICRP

- LGy,

LOAEL
NOAEL
NCRP
NPL
QROU

‘RfC

RfD
RI
ROD
UCL
VP9

Compounds

CaCO,
DNT
2,4-DNT
2,6-DNT

applied daily dose

ambient water quality criteria

Baseline Risk Assessment

Comprehensive Environmental Response, Compensation, and Liability
Act of 1980, as amended

contaminant of ecological concern

contaminant of potential concern (for human health)

dose conversion factor

U.S. Department of Energy

ecological effects quotient

U.S. Environmental Protection Agency

- feasibility study

International Atomic Energy Agency’

International Commission on Radiological Protection
median concentration lethal to 50% of the population
lowest-observed-adverse-effect level
no-observed-adverse-effect level _ »
National Council on Radiation Protection and Measurements

"National Priorities List

quarry residuals operable unit

reference concentration

reference dose

remedial investigation

Record of Decision

95% upper confidence limit of the arithmetic average
Vicinity Property 9

calcium carbonate
dinitrotoluene

2 4-dinitrotoluene
2,6-dinitrotoluene

ix
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1 INTRODUCTION

The U.S. Department of Energy (DOE) is conducting cleanup activities at the Weldon
Spring site, located in S:. Charles County, MiSsouri. about 48 km (30 mi) west of St. Louis. Cleanup
of the site consists of several integrated components. The quarry residuals operable unit (QROU)
consists of the Weldon Spring quarry and its surrounding area (Figure 1.1) and is one of four
operable units being evaluated. In accordance with requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), as amended, DOE is
conducting a remedial investigation/feasibility study (RI/FS) to determine the proper response to
address various contaminated media that constitute the QROU. Specifically, the operable unit
consists of the following areas and media: the residual material remaining at the Weldon Spring
quarry after removal of the pond water and the bulk waste; groundwater underlying the quarry and
surrounding area; and other media located in the surrounding vicinity of the quarry, including surface
water and sediment at Femme Osage Slough, Little Femme Osage Creek, and Femme Osage Creek.

An initial evaluation of conditions at the quarry area identified remaining data requirements

needed to support the conceptual site exposure and hydrogeological models. These data requirements
are discussed in the RIFS work plan issued in January 1994 (DOE 1994a). Soil contamination
located at a property adjacent to the quarry, referred to as Vicinity Property 9 (VP9), was originally
part of the scope of the QROU, as discussed in the work plan. However, a decision was subsequently
made to remediate this vicinity property as part of cleanup activities for the chemical plant operable
unit, as provided for in the Record of Decision (ROD). Remediation of VP9 was completed in early
1996 (Valett 199‘7). Hepce, this baseline risk assessment (BRA) does not address VP9.

1.1 SCOPE OF THE BASELINE RISK ASSESSMENT

This BRA documents the calculations performed to determine if potentially unacceptable
risks to human health or the environment exist from exposure to contamination present at the quarry
area. Risk scenarios for each area of concern or exposure unit at the quarry area were established in
the work plan, and a recreational scenario was identified for the entire operable unit. The potential

for exposure or contact with groundwater at the quarry area is unlikely given current and expected

future land use. For ecological resources, the principal exposure scenarios are associated with the
aquatic habitats at Femme Osage Slough and the lowermost reach of Little Femme Osage Creek.

1.2 OBJECTIVES OF THE BASELINE RISK ASSESSMENT

This BRA pfovides a combined baseline assessment of potential human health and
ecological impacts for the QROU. The evaluation serves as an estimate of the magnitude of potential

_health risks and environmental impacts that would be associated with QROU contaminants if no

remedial action were taken. In addition, the risk estimate presented in this BRA would also serve as
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a baseline against which protectiveness of cleanup altemnatives discussed in upcoming RI/FS reports
could be compared.
1.3 ORGANIZATION OF THE REPORT

- Data utilized in this report have been presented in either the work plan (DOE 1994a) or the
RI report (MK-Ferguson Company and Jacobs Engineering Group 1997). The remainder of this

report is organized as follows:.

 Chapter 2 — Identification of contaminants of potential concern and a brief
discussion of the associated data; - S

e Chapter 3 — Presentation of the exposure assessment, including calculations
of exposure point concentrations, intakes, and doses;

» Chapter 4 — Brief discussion of the toxicity of the contaminants of concern
and associated toxicity values;

* Chapter 5 — Human health risk characterization;
~» Chapter 6 — Ecological risk assessrﬁent;
» Chapter 7 — Summary and conclusions; and -

* Chapter 8 — List of references cited.




2 IDENTIFICATION OF COr\TA\IINAVTS OF COVCERN‘
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General background information on the QROU, including origin of COHI:L—L,UH 5gtion, is
dxscussed in the work plan (DOE 1994a); detailed descriptions of data collectronlcﬁe‘fforts!:jalrld data

ol

summaries are presented in the RI report (MK-Ferguson Company and Jacobs En° neering Group
1997_). A _ I

2
\ !
1 I

3
In accordance wrth the results of evaluauons to date, the areas and media th at are the focus

of this risk assessment are (1) residual soil contamination at the quarry proper; (2) su rfac:e water and

sediment contamination at Femme Osage Slough, Little Femme Osage Creek, and Fernme Osage

Creek; and (3) groundwater contamination beneath the quarry and surrounding area. ] he dxscussrons
in Section 2.1 are presented according to the specific areas of exposure and the media ofcconcem for

these areas. The data evaluation procedure used in this BRA is discussed in SCCthIl 2. Q

2.1 DATA CONSIDERATIONS

Monitoring and characterization samples collected from the various media present at the
quarry area were analyzed for radiological and chemical parameters. These data were obtamed from
November 1987 through August 1996. Samples were also collected from what were. consrdered to
be background areas in order to delineate naturally occurring levels of metals. A companson of
naturally occurring constituents with background levels is prov1ded in the RI. A bnef summary of
characterization results for each medium is provided in Sections 2.1.1 through 2.1. 4

2.1.1 Quarry Proper

Soil samples were collected in seven areas of the quarry proper. Sampl:es_'wer{e also
collected from fractures in the quarry walls and floors. The primary contaminants in the, quarry are
radionuclides, with higher levels of contamination in fractures and depressions 1n the, quarryI floor.
Radionuclides that were detected at concentrations above background include isotopes of radium,
thorium, and uranium. A few metals were also detected at concentrations above, backoround
including aluminum, calcium, magnesium, selenium, silver, and zinc. Nitroaromatic compounds and
polychlorinated biphenyls .(PCBs) were detected in isolated areas of the quarry proper but
concentrations were low (e.g., less than 10 ppm). Polycyclic aromatic hydrocarbons (PAHs) were
also detected in some samples at a maximum concentration of 0.43 ppm; the source of this

~Contamnination is considered to be surface water runoff from nearby asphalt areas used for equrpment
access and lubricants from equrpment operating in the quarry. 2 i

ok
PR

In addition to analysis of discrete soil samples, exposure-rate measurements were taken at
I m (3 ft) above the ground surface with a pressurized ion chamber. Readings were reported from
eight locations in the quarry proper; measurements ranged from 8.5 to 34 uR/h, wnth an average
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exposure level of 17 uR/h. Monitoring data for radioactive air particulates and radon at the quarry
area have been at background levels.

Surface water quality in the quarry pond has been evaluated to determine residual contami-
nant levels. Three samples were collected and analyzed after September 1996; uranium was the only
contaminant measured in the quarry pond. Other constituents were not detected or were detected at
trace levels. Total uranium concentrations ranged from 490 to 540 pCi/L.

2:1.2 Femme Osage Slough

2.1.2.1 Sediment

Analysis of radiological parameters in sediment samples from Femme Osage Slough

included concentrations of isotopic radium, thorium, and uranium. Chemical parameters included -

concentrations of metals, inorganic anions, volatile organic compounds (VOCs), semivolatile
organic compounds (SVOCs), PCBs, pesticides, and nitroaromatic compounds.

Of the radionuclides, only radium-228 and uranium-238 were detected at concentrations
slightly elevated above backoround levels. Concentrations of several metals and inorganic anions
exceeded background concentrations — mcludmg chloride, fluoride, sulfate, aluminum, berylhum,
cadmium, calcium, chromium, copper, iron, lithium, magnesium, manganese, mercury,

molybdenum, nickel, potassium, selenium, sodium, strontium, and vanadium. Chemical analyses

also indicated low levels of nitroaromatic compounds, ranging from 0.007 to 0.14 ppm. VOCs and
SVOCs were generally below method detection limits for all sediment samples. A few common
laboratory contaminants were detected at levels below 1 ppm; the concentrations were within the
range allowed for laboratory contamination (U.S. Environmental Protection Agency [EPA] 1989a).

~No pesncxdes or PCBs were detected in any of the samples.

2.1.2.2 Surface Water -

Surface water in Femme Osage Slough has been sampled and analyzed for radium and
thorium i'sbtopes, total uranium, metals, inorganic anions, VOCs, SVOCs, PCBs, pesticides, and
nitroaromatic compounds. Levels of uranium were significantly elevated over background
concentrations: the average concentration detected in the slough was 64 pCi/L. Several metals were

~ detected above background concentrations — including aluminum, arsenic, chromium, lead, iron, -

manganese, nickel, strontium, sodium, and zinc. Sulfate and nitrate were also elevated over back-
ground concentrations. Nitroaromatic compounds and organics were not detected.
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2.1.2.3 Fish | | |
il |

_ Fish sampling at Femme Osage Slough was conducted from 1987 to 199%‘ ﬁrshlwﬂere also
sampled from two lakes in the Busch Conservation Area (Lakes 33 and 37) that are not 1nt}uenced
by site contaminants. The concentrations detected in these lake samples were usec as backaround
levels. Fish were collected annually, depending on the species, size, and number c?f ﬁsh a'lvaxlable
The fish community in Femme Osage Slough is different from that in the Busch; %1kes brelcause of

the influence of the Missouri River on the slough. The water level in the slough i 1sl, c?ntrolled by a

pipe w ith a valve that normally is left open, allowing fish to move between the rwer' and the!sloucvh

‘As a result, fish species routinely found in big river habitats, such as the Missouri Iuver are found

in the slough. Species sampled from the slough included white and black crappie; larvemodth bass;

sunfish; and bottom feeders, including bigmouth buffalo, yellow bullhead, and common carp

Ik
Fillet, fish-scale, and whole -body samples of fish were analyzed for radroactrve and

chemical constituents —mcludmo uranium, radium, thorium, arsenic, lead, and mercury N9 radium
or thorium was measured at a level above the respective detection limit in any of the samples Low
concentrations of uranium and metals were detected.

~ 2.1.3 Femme Osage Creek and Little Femme Osage Creek

2.1.3.1 Sediment ' d

Sediment samples collected from five locations along Little Femme Osaoe,Creek were
analyzed for isotopic radium, thorium, uranium, other metals, inorganic anions, and’ mtroaromatrc
compounds In general, contaminant concentrations were lower in Little Femme, Osave Creek

“sediments than in the sediments of Femme Osage Slough. The only exception was antlmony“ ‘which
was detected in creek sediments at an -average concentration of 17 mg/kg. Antrmony was not
detected in slough sediments. The only nitroaromatic compound in the creek sediment: was a one-
time detection of 2,4-dinitrotoluene upgradient of the quarry at a concentration of 0.0024 mg/kg.

; ; o :

2.1.3.2 Surface Water

: . . S I '?

Surface water samples were collected from six locations in Little Femme OSaOé Creek and
one location in Femme Osage Creek. Radiological and chemical parameters that were analyzed
included concentrations of isotopic radium and thorium, uranium, metals, inorganic amons and
nitroaromatic compounds. Contaminant concentrations in creek water were generally lower than the
concentrations in the surface water of Femme Osage Slough, except for nitroaromatic compounds

Low levels of several nitroaromatic compounds were detected upgradient of the quarry

concentrations ranged between 0.011 and 0.067 pg/L. _ : i
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Because levels of radiological and chemical con'stituents in Little Femme Osage sediments
and surface water are generally lower than those in slough sediments, the creek was not evaluated
further in this BRA. Risk results for the slough bound the risks for Little Femme Osage Creek.
Nitroaromatic compounds detected in creek surface water were mcluded in the analysis of the

slough.

.2.1.4 Groundwater

Groundwater samples have been collected and routinely analyzed from 36 DOE monitoring

wells, four St. Charles County monitoring wells,-and eight St. Charles County production wells.
Radioactive and chemical constituent analyses included isotopic radium, thorium, and uranium;
metals; inorganic anions; nitroaromatic compounds; VOCs; SVOCs; PCBs; and pesticides.

The primary contaminants in groundwater are uranium and nitroaromatic compounds. The
highest uranium concentrations were measured in a well along the southern rim of the quarry
(MW-1004) and in a well in the alluvium north of Femme Osage Slough near VP9 (MW-1008).
Nitroaromatic compounds have been detected at concentrations higher than 1 ppb in six groundwater
wells. The highest concentrations of nitroaromatic compounds — primarily 1,3,5-trinitrobenzene
(1,3,5-TNB), 2,4,6-trinitrotoluene (2,4,6-TNT), 2,4-dinitrotoluene (2,4-DNT), and 2,6-dinitrotoluene
(2,6-DNT) — were along the eastern rim of the quarry (MW-1002) and in the alluvium east-

southeast of the quarry (MW-1006). Contamination has been detected primarily north of Femme

Osage Slough. Uranium concentrations measured within the bedrock north of the quarry and in the
alluvium south of the slough are at or slightly above naturally occurring levels. Slightly elevated
levels of uranium have been detected in one well located south of the slough (RMW-2); the
maximum concentration detected was 10 pCi/L. Data collected since removal of the bulk waste from
the quarry are similar to the historic data. A sharp increase in concentrations of nitroaromatic
compounds was observed in some of the quarry rim wells at the beginning of bulk waste removal,
but levels decreased as remediation progressed. The same trend was not observed for uranium.

Measured concentrations of radium and thorium isotopes have generally been at or slightly
above naturally occurring concentrations. Concentrations of several metals and inorganic anions
were above background concentrations — including sulfate, chloride, aluminum, barium, cadmium,

calcium, chromium, cobalt, copper, manganese, mercury, nickel, potassium, sodium, thallium,

vanadium, and zinc. A few VOCs that are common laboratory contaminants were detected, but the
concentrations were within the range allowed for laboratory contamination. Several organic
compounds were detected in a number of wells in the September 1987 sampling round but were
never detected again in subsequent sampling rounds. These data are suspected to be a result of
laboratory contamination, but it is not possible to verify or validate data collected in 1987 because
of the lack of documentation regarding quality assurance/quality control.

Measured concentratxons of radioactive and chemical contarmnants in wells at the
St. Charles County well field are at background levels.
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2.2 DATA EVALUATION - S Y nj;,
I

‘Site characterization data collected to date were evaluated for appropriate‘m,ss of 1 use in the
risk assessment. The EPA guidelines for data evaluation (EPA 1989a) were followed in’ detelmunmg
the contaminants of potential concern for the following media and areas: soil from the quan'y proper;
sediment, surface water, and ﬁsh tissue from Femme Osage Slough; and groundwater from site
monitoring wells.

il o
i li

In accordance with EPA (1989a) guidance, the following data evaluation steps werelapphed

to identify the contaminants of potential concern for each medium (e.g., soil or cyroundwater) and
to gather the subset of data for exposure quantification: ¢ "‘

1. Evaluation of analytical methods used and consideration of data qualifiers, )"

results of control blank samples sarnple quantitation limits, and detectron‘ :
frequency; ’

2. Evaluation of the significance of all detected compounds;
3. Comparison of potential site-related contamination with background levels;

4. Screening of certain chemicals classified as essential nutrients on the basisof : -
their concentration and potential toxicity; and E

5. Performance of a concentration/toxicity screen to limit the number of con-
~taminants carried through the risk assessment to those with the most pot‘erltiial
for causing human health risks and/or adverse ecological effects. s
The first three steps of the data evaluation process apply to both radionuclides and. chermcaﬂs and
were also performed in the RI as part of the evaluation to determine the nature and extent of
contamination. The final two steps apply to chemical contaminants. A concentratxon/toxrcrty screen
was not performed for the human health assessment, so the number of contarmnants camed throuvh
the risk assessment was not limited. ,
- N
Samples from all media were analyzed according to EPA methods consrdered to yleld
qualitative and quantitative results suitable for risk assessment purposes. Data qualifiers were used
by the analytical laboratory in reporting the results in order to provide an interpretation gf the’_data
from an analytical standpoint. EPA guidance recommends that a chemical be eliminated from
consideration as a potential site contaminant if that chemical is present at a concentratiofi no more
than 10 times the level of a common laboratory contaminant in the associated contro] blank
sample(s). Several organic constituents were eliminated from further evaluation because (l)athey
were present in laboratory blanks or (2) they were common laboratory contaminants present at low
levels. However, chemical concentrations reported as “estimated” due to detection at le_v,pls lower
than the contract-required detection limit were included in data analyses. L T
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For each area and medium evaluated, parameters with a detection frequency of zero were
eliminated from further consideration as potential site contaminants. Then, concentrations of
remaining parameters were compared with media-specific background levels of naturally occurring
constituents.

Statistical comparisons were performed to identify naturally occurring constituents present
at the QROU at concentrations greater than background. A more detailed discussion on background
comparisons is provided in the RI (MK-Ferguson Company and Jacobs Engineering Group 1997).
The constituents that were determined to be present at levels greater than background were then
subjected to the remaining steps of the screening process to identify contaminants of potential
concern (COPCs) for human health or contaminants of ecological concern (COECsS), as discussed
below. :

221 Human Health Contaminants of Potential Concern

The next step in the screening was to identify the human health COPCs. The following
substances were eliminated from consideration because they are essential human nutrients or

constituents of low toxicity: calcium, chloride, fluoride, iron, magnesium, potassium, and sodium.

Lithium, sulfate, and bromide were screened from consideration as COPCs on the basis of
their low toxicity, widespread presence in the natural environment, and low to moderate site
concentrations. Lithium is present in the daily human diet at a level of about 2 mg (Venugopal and
Luckey 1978) and is safely used as a psychiatric drug at concentrations of approximately 1 g/d.
Sulfate exhibits low toxicity in humans but has been shown to have laxative effects at water concen-
trations of 630 mg/L or greater (Chien et al. 1968). On the basis of this information, it was concluded
that levels of these substances in site media are considerably lower than those that would lead to
adverse health effects in humans. '

The EPA has not yet issued quantitative toxicity values for aluminum, cobalt, or lead. These
substances were retained as COPCs so their potential toxic effects could be considered further. -

The data evaluation process for radionuclides resulted in the identification of radium-226,

radium-228, thorium-228, thorium-230, thorium-232, and uranium-238 as COPCs:for soils from the
quarry proper. For the other media (i.e., Femme Osage Slough surface water and sediment, and

groundwater), only uranium was identified as a COPC. Other radionuclides were screened from
consideration because they are present at near-background concentrations. Table 2.1 provides a final
list of human health COPCs for the QROU.

e
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TABLE 2.1 Final List of Human Health Contaminants of Potential |
‘Concern for the QROU? » .

, : ; v

Quarry Proper Femme Osage Slough _ l :

. Soil and . Quarry
Contaminant Fractures Surface Water  Sediment  Groundwater

* Radionuclides
Radium-226

- Radium-228
Thorium-228

- Thorium-230
Thorium-232
‘Uranium

+ 4+ + + + +
|
1
i

Metals

* Aluminum .t + T+ T
Antimony ~ - +
Arsenic . o= + . - -
Barium - . -
Beryllium - ' =

" Cadmium = ’ =
Chromium - +
Cobalt = . =
Copper - -
Lead -
Manganese , -
Mercury - -
Molybdenum -
Nickel -
Selenium + =
Silver +
Strontium -
Thallium - -
Uranium +
Vanadium = =
Zinc + +

o+ o+ 4
+ 4+ 4+ + 1+

+

T+ o+

+

+ i
+ o+ o+ o+ 4+
!

£ 1+ +
+ 4+ 1+
+ 4+ o+ 4

Organic compounds
1,3,5-TNB
1,3-DNB
2,4,6-TNT
2,4 DNT .
2,6-DNT

x Nitrobenzene
PCBs -
PAHs

I I+
+ o+ + o+ o+ +
C o+ + + + +

+ + + 4+ + 4+ + o+
+ + +
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2.2.2 Contaminahts of Ecological Concern

The screening process for COECs involved comparing measured media concentrations to
background concentrations and ecological regulatory standards or screening values. Background
values used in this screening process were the surface water and sediment concentrations reported
for Femme Osage Creek above its confluence with Little Femme Osage Creek. Regulatory and
screening values used in the process included the EPA (1986) ambient water quality criteria .
(AWQC), EPA (1996) ecotox threshold values, state of Missouri water quality standards (Missouri
Department of Natural Resources 1992), and data from the scientific literature, including U.S. Fish
and Wildlife Service toxicity profiles (e.g., Eisler 1988). Tables 2.2 and 2.3 present the screening
results for surface water and sediments, respectively. The final list of contaminants of ecological
concern is presented in Table 2.4.

Potential surface water contaminants eliminated from inclusion as COECs included copper,
nickel, and selenium (maximum reported concentrations were less than the screening and
background levels); fluoride, nitrate, arsenic, mercury, zinc, and several nitroaromatic compounds
(maximum reported concentrations were less than the screening levels); and antimony, magnesium,
and thallium (maximum concentrations were below background levels).

Sediment-related contaminants eliminated as COECs included chromium and copper
(maximum concentrations were less than the screening levels) and thallium (maximum concentration
was less than the background level). No screening values were available for three nitroaromatic
compounds (2,4-DNT, 2,6-DNT, and nitrobenzene), and, thus, these compounds were retained as
sediment COECs (Table 2.4).
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TABLE 2.2 Screening Evaluation of Surface Water for the Identification ' ‘ il
of Contaminants of Ecological Concern® . 2
¢ |

ol o
i

' Retain! | |
Maximum Background Screening | :ells al ‘i ‘
Contaminant Concentration® Concentration® Concentration® COEC ‘ i
Metals (ug/L) ' ‘ ST
Aluminum 7,000 200 87 Yes !
Antimony ' 33 33 NA ~ No
Arsenic 8.7 <50 190 - No M
Barium 340 97 4.0 Yés o
Calcium 180,000 72,000 120,000 - Yes 4
Cadmium 1.5 <3.0 24 . - Ni? |
Chromium 57 <4.0 11 Yes. e
Copper 16 17 S N6 B

*. Iron " 7.810 1,100 1,000 . Yes

. Lead 12 : <2.0 11 . Yes
- Magnesium 18,000 16,000 82,000 No
Manganese 1,300 370 1200 Yes
Mercury 0.10 <0.10 1.3 . No 4,

Nickel 16 <16 350 Ngi |

' Potassium 6,100 3,100 53,000 No, .
Selenium 55 <50 5.0 No £
Silver 13 ND 21 No
Sodium 17,000 6,600 680,000 No;; ;

* Thallium 6.4 <50 12 No,
Uranium, total 6,000 4.3 2.6 Yes ‘
Vanadium 23 14 20 Yes'
Zinc ' 85 ) 13 230 No:

Inorganic anions (mg/L) . ; !

. Chloride 223 95 NA Yest
Fluoride 0.60 0.20 15 No, v
Nitrate 9.9 0.70 90 No
Sulfate 290 21 NA Yes'

Nitroaromatic compounds (ug/L) ‘ :
1,3,5-TNB 0.04 NA ' 1,000° No n
2,4,6-TNT . 0.067 NA 2,800° No '
2,4-DNT 0.037 NA - 230° No' |
2,6-DNT 0.026 NA 230° No

NA = not available; ND = not detected.
Maximum concentration of site-related contaminants from data collected since 1987.

Background concentrations are those reported for Femme Osage Creek (MK-Ferguson |
Company and Jacobs Engineering Group 1997). -

See Table 6.2 for source of screening values.

From Talmadge and Opresko (1996). - Doy
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TABLE 2.3 Screening Evaluation of Sediment for the Identification

s: - , of Contaminants of Ecological Concern® ' '
Maximum Background Screening Retain
Concentration® Concentration® Concentration? as
O Contaminant - (mg/kg) (mg/kg) (mg/kg) COEC
Metals. ‘ ,
‘% ' Aluminum ] 20,000 V 13,000 NA | Yes
S Antimony - 36 " ND : 2.0 : Yes
Arsenic 20 6.8 8.2 " Yes
: Barium 350 150 NA - Yes .
Cadmium 42 ND ‘ 1.2 Yes -
- Calcium 69,000 - 5200 L NA Yes
e Chromium ' .50 C 16 81 No
ffg Copper 30 14 34 No |
e Iron 28,000 17,000 : NA Yes :
Lead 48 , 15 47 Yes
g Magnesium 5,400 . 2,700 NA Yes
# Manganese 1,100 . 810 460 Yes
Mercury 0.99 0.10 0.15 Yes
B Molybdenum _ 3.9 ND- NA Yes
5 Nickel 28 21 21 Yes
Potassium 3,400 - - 1,400 NA Yes
o Selenium 2 0.99 ' NA Yes )
g . Sodium 250 130 NA Yes !
Thallium 22 32 NA No : ;
' Uranium, total 14 5.5 NA Yes
t Vanadium 44 . 31 . NA Yes
, i Zinc- 180 69 150 Yes

- Inorganic anions

Chloride 0 24  NA Yes
Fluoride 6.7 : ‘ 4.6 NA | ' Yes i
. Nitrate 0.55 0.66 : - NA No :
Sulfate 640 ,. 0.29 NA Yes
Nitroaromatic compounds -
7 1,3,5-TNB : 0.14 0° 0.30 . No
b 1,3-DNB ‘ 0.01 o0 120 No
2,4,6-TNT ’ 0.01 .0° 13.0 - No
5 2,4-DNT 0.01 - 0f NA - - Yes
’ .2,6-DNT 0.02 ¢ NA Yes
. Nitrobenzene 0.01 0® - NA Yes
: 2 NA = not available; ND = not detected.
® Maximum concentration of site-related contaminants from data collected since 1987.
¢ Background concentrations are those reported for Femme Osage Creek (MK-Ferguson Company
. and Jacobs Engineering Group 1997).
%:_, : 4 See Table 6.2 for source of screening values.

Background concentrations of anthropogenic nitroaromatic compounds considered to be zero.

-

&
R
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TABLE 2.4 Final List of Contaminants
of Ecological Concern for the QROU?

Contaminant - Surface Water Sediment ! -t

Metals ' : , { ‘
Aluminum e )
Antimony -
Arsenic ) -
Barium +
Cadmium
Calcium
Chromium
Iron
Lead . ‘
Magnesium
Manganese
Mercury ' -
Molybdenum =
Nickel ' -
Potassium -
Selenium -
Sodium -
Uranium, total +
Vanadium +
Zinc _ C -

+ 4+ + + +

EeE
g

g 7

R

I+ + + +

+

B EE EE R s

Inorganic anions *

Chloride - + + .
Fluoride = o ' f
Nitrate ’ - -
Sulfate ] + +

Nitroaromatic compounds W

2,4DNT = = +/— '
2,6'DNT . = +/.._ ] | ‘
Nitrobenzene — el b A s

The designation +/~ indicates that the contaminant .
has been retained as a COEC because no background
or screening values are available; a minus (=) sign
indicates that the contaminant is not a COEC; and a
plus (+) sign indicates that the contaminant is a
COEC, ‘
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3 EXPOSURE ASSESSMENT

The Weldon Spring quarry is within the Weldon Spring Conservation Area — which, along
with the August A. Busch Memorial Conservation Area to the north and the Howell Island
Conservation Area to the east — is managed by the Missouri Department of Conservation for
recreational use. Bulk waste disposed of at the quarry was removed during cleanup activities
conducted under remediation of the Weldon Spring site quarry bulk waste operable unit. The quarry
is fenced, and access by the general public is restricted. These controls will be kept in place by DOE
until remedial activities have been completed and final quarry restoration and ownership have been
determined. ‘ ;

Currently, Femme Osage Slough is accessible to the general public for fishing and other
recreational activities. Future plans for this area include more intensive recreational use, with the
possible development of wetlands. Contamination has been indicated in the alluvial groundwater of
the quarry area north of Femme Osage Slough. Groundwater in the immediate area of the quarry
north of the slough is not currently used for residential, agricultural, or other purposes.
Contamination from the QROU has not affected the St. Charles County well field south of the
slough.

3.1 IDENTIFICATION OF EXPOSURE PATHWAYS

Potential human and biotic exposure pathways were identified on the basis of the following
factors: ‘ '

* Locations of contaminated source areas, types of contaminants found at those
areas, and potential mechanisms of contaminant release from those areas;

* Likely fate and transport of the contaminants within or between environmental -
media;

* Estimated concentrations of contaminants at points of potential human contact
(i.e., exposure points) and the associated probable routes of human exposure;

» Completeness of each exposure pathway — that is, the presence of a

' contamh;ant source, a mechanism of contaminant release, and environmental
transport medium; a point of human contact with the contaminated source or
medium; and a route of human and/or biota exposure at that point.

All of the above factors were considered in developing the conceptual site exposure model presented
in Figure 3.1. Potential human receptors were identified for each area (i.e., quarry proper and Femme
Osage Slough) under current and future land use. The human receptors and exposure
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Environmental Potential Receptors
Historical Current Release Transport Potential | Current
Source Source: Mechanism Medium Exposure Future
. Rout Recreationalf Terrestrial |  Aqualic
outes Visitor2 Biota Biota
Ingestion ® o
- - . Quarry .
’ Residual Material® : —P» Dermal Contact () ]
i External Garmina © -
1
1
1 | Particulate or Gaseous ; ;
i i Emissions o Inhatalion ‘ e l ° | J
t
’ ’ . )
1 ] ;
Pond Surface Ingestion (] o ]
! ——b’ Surface Runoft }-—b Water/Sediment >
: Dermal Contact o () )
ro------ : ' J
 Quarry Pond !
y andBuk ! :
y  Wastes : Ingestion
R o -——-»l Infiltration/Percolation Groundwater l——» Inhalation
1
1 Dermal Contact
]
1
I .
| ingestion
: ——;»‘ Inmtration/Percolaw Groundwater—]———v Inhalation
! Dermal Contact
1
|
:' Femme Osage Slough Ingestion ® e e
— == (surface water >
and sediment) Dermal Contact ] (] o
Inhalation )
@Current recreational visitor includes exposuras to Femme Osage Slough surface water and sediment; future visitor includes exposures to quarry residual material and slough surface water and ’
sediment. On the basis of current and projected future recreational land use, there would be no access or use of the contaminated groundwater located primarily in the immediate vicinity of the
_quarry area north.of Femme Osage. Slough. However, to provide information on risk from exposure'té contaminated: groundwater, calculations were performed for a hypothetical residential scenario,
““which is considered to be the upper-bound case. Caiculations were performed for ingestion ot and dermal contact with groundwater.
blncludes contaminated.-soil, sediment, and sorbed contaminants on the quarry surface. ' —
NOTE: Quarry residuals operable unit includes contaminated malerial located at the quarry proper, Femme Osage Slough, and other nearby areas. —_

FIGURE 3.1 Conceptual Site Exposure Model

9I



bt

H

%&m@f e >

t.

s

5
el
I

¥
A

wmmw-a

17

pathways evaluated for each area are summarized in Table 3.1 .! The contaminant intake parameters
and exposure factors used to calculate intakes are listed in Table 3.2.

3.1.1 Quarry Proper

Potentjal exposure of a member of the general public to current conditions at the quarry
proper is unlikely because DOE actively monitors the quarry to restrict unauthorized access. Under
future conditions, it is expected that land use in the area outside of the quarry proper would remain
recreational, in which case the most likely future quarry receptor would be a recreational visitor. The
most likely exposure routes for the recreational visitor would be external irradiation, incidental

.ingestion of and dermal contact with soil, and ingestion of surface water from the quarry pond.

Although exposure to sd}'face water is identified as a potential pathway, it is likely not a concern
because restoration is expected to include engineering to prevent refilling of the quarry pond with
water. Ingestion of surface water was retained as an exposure pathway because plans for restoration
have not been finalized. The potential for inhalation of contaminated airborne particulates is
expected to be very low because soil areas would be vegetated, and any remaining loose material
would be in cracks and crevices on the quarry walls and floors. However inhalation of air
pamculdtes was retained as a pathway for assessment.

In the unlikely event that a person would wander into the qﬁarry under current conditions,
the potential exposure routes would be similar to those for the future recreational visitor, but the
overall risk would be much less because exposure frequency and duration would likely be less.

3.1.2 Femme Osage Slough

The most likely receptor at the Ferme Osage Slough area under both current and future

- conditions is a recreational visitor. Potential risk under current and future land use would be similar
because risk projections would be based on similar pathways of exposure and contaminant concen-

trations. The routes of exposure by which a recreational visitor at the slough could be exposed
include ingestion of surface water and sediment and ingestion of fish. Dermal contact with surface
water and sediment was also evaluated but is considered to be very unlikely because of the physical
features of the slough. Similarly, inhalation of air particulates is considered to be unlikely because
of the presence of surface water in the slough; however, this pathway was evaluated in this analysis.
External gamma irradiation is not a pathway of concern because concentrations of uranium are low,
and the surface water attenuates any gamma radiation from the sediment.

I All tables in this chapter have been p]acedva[ the of the text (Section 3.4.3).



18

3.1.3 Groundwater at the Quarry ; : - f
) . l;

Groundwater contamination occurs primarily in the immediate vicinity of the quarry area

‘north of Femme Osage Slough. Because future land use is projected to be the same as current land
use, i.e., recreational, no access or use of the contaminated groundwater would be expected 'Even
if land use were to change in the area, groundwater would be difficult to obtain from the shallow

aquifer because of the aquifer’s hydrogeologic properties (e.g., low transmissivities and low | }’ICldS) ,

(see Chapter 7 of the RI [MK-Ferguson Company and Jacobs Engineering Group 1997]).In addmon

evaluation of fate and transport indicates that contamination in groundwater will not affect the St.

Charles County well field (i.e., current constituent concentranons at the well field wﬂl not 1ncrease)

The reasons for this conclusion include high sorption of uranium on the fine- gramed alluvium north
of the slough and high dilution in the thick layer of coarse-grained alluvium south of the slough. The
data also indicate potential for the existence of a natural redox front that causes~pre01p1tat10n of
uranium-compounds. X < -

Although contact with groundwater by a current or future receptor is an incomplete
pathway, risk calculations were performed for a hypothetical residential scenario for informational
purposes. For this scenario, the pathways evaluated included ingestion of groundwater and dermal
contact while showering. Inhalation via release of contaminants to indoor air was not included
because contaminants present in groundwater (primarily uranium and nitroaromatic compounds) do
not appreciably volatilize from groundwater. Similar calculations for recreational use of the ground-
water would result in hazard indices or risks of approximately one- hundredth of those estimated for
the hypothetical future resident. .

3.2 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

A medium-specific concentration of a contaminant at the locat_ion‘: of expesure
(i.e, exposure point concentration [EPC]) must be estimated to calculate the potential‘risk that ‘might
be associated with a contaminated source or medium. For these risk assessment calculations,
contaminant-specific EPCs were developed for each contaminated medium associated with the
quarry area. These media include soil in the quarry proper; sediment, surface water, and fish in
Femme Osage Slough; surface water in the quarry pond; and groundwater. ‘ ‘

The EPCs for soil in the quany proper were determined for each COPC on the basis ofidata |

collected during the RI. The quarry proper was evaluated as two separate exposure units — soil areas
and fractures. Data from soil areas were aggregated as one exposure unit to represent the llkehhood

that a visitor would not preferentially visit one area over another. Data from fractures were combined

as a separate exposure unit because the probability of human coritact is much less for soil in fractures
than for soil areas. Exposures from ingestion, inhalation, and external gamma radiation were
evaluated for both soil areas and fractures. Exposures from dermal contact were evaluated only for
the soil areas because it is unlikely that a recreational visitor would be in direct contact with the soil
in fractures. The EPCs used to calculate intakes for the quarry proper are shown in Tables 3.3 and

Veveziom
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3.4. These concentrations were calculated by using the one-tailed 95% upper confidence limit of the
arithmetic average (UCL) or the maximum concentration, whichever was lower (per EPA guidance;
see EPA 1989a). ‘

Femme Osage Slough was evaluated as one exposure unit to represent results for an

individual who did not selectively visit one particular location at the slough. The EPCs for surface

water and sediment, determined for each COPC on the basis of data presented in the RI
(MK-Ferguson Company and Jacobs Engineering Group 1997), are presented in Table 3.5. For
sediment, UCL concentrations were calculated for each COPC by using data presented in the RI. For

- surface water, bounding calculations were performed by using the maximum concentration detected

for each contaminant. Determination of these maximum concentrations from more recent data was
preferable because these data are considered to be more representative of current conditions in the
area, reflecting bulk waste removal from the quarry. However, because of consistently low
concentrations of chemicals in the slough, sampling for chemicals was discontinued after 1994.

- Therefore, the maximum concentration for each chemical contaminant was determined from

available data through 1994. The maximum concentration of uranium was determined from data
collected since 1995. For ingestion of fish caught from the slough; bounding calculations were
performed by using the maximum concentration detected in the edible portion of fish for each
contaminant; these EPCs used to calculate intakes from ingestion of fish are shown in Table 3.6. A
separate evaluation for the Little Femme Osage Creek and Femme Osage Creek is not presented in
this BRA. The EPCs are lower at the creeks than at the slough. Hence, the risk calculations
performed for the slough should be adequately representative of the potential risk at these creeks as
well.

Exposure point calculations for groundwater were determined for each COPC on the basis
of data collected since 1995. UCL concentrations were calculated for each COPC and were used to
calculate intakes from ingestion and dermal contact. The EPCs and intakes are shown in Table 3.7
for uranium, Table 3.8 for metals, and Tables 3.9 and 3.10 for nitroaromatic compounds.

3.3 ESTIMATION OF INTAKES

Estimates of chemical and radioactive contaminant intakes are based on contaminant
concentrations at the exposure points (Section 3.2) and scenario-specific exposure assumptions and
intake parameters. The exposure assumptions and intake parameters used to calculate intakes are
listed in Table 3.2; these values are consistent with recommendations by the EPA (1995b, 1992a).
A recreational visitor was evaluated for the quarry proper and for Femme Osage Slough. It was
assumed that the individual would visit the area for 4 hours, 20 times per year, over 30 years. At the

quarry proper, - intakes were estimated for external irradiation, inhalation of contaminated

particulates, and ingestion of and dermal contact with surface water and soil. For a recreational
visitor at the slough, intakes were estimated for ingestion of and dermal contact with surface water,
ingestion and inhalation of and dermal contact with sediment, and ingestion of fish.
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The possibility that the recreatlonal visitor could be a child who potentially could be more

sensitive to contamination at the QROU was not evaluated separately. The mtakes for the child
" would be less than those estimated for the recreational visitor because the exposure duration would
be. shorter. In addition, a soil/sediment ingestion rate of 120 mg/event was assumed \for the
recreational visitor to account for potentially higher ingestion rates of a child (i.e., from aoe Ito
6 years). The EPA (1991) recommends ingestion rates-of 100 mg/event for adults and 200 ma/event
for children 1 to 6 years of age. Intakes calculated for the other pathways (i.e., inhalation, dermal,
and ingestion of surface water and fish) were based on exposure of an adult and would' bound
exposures of a child because assumed rates for ingestion and inhalation and exposed skin surface
area are greater for the adult receptor ; s
The methodologies used to calculate intakes from each route of exposure are presented in

~ Section 3.3.1 for chemical contaminants and in Section 3.3.2 for radioactive contaminants. l?ermal

exposures to soil, sediment, and surface water were evaluated for this assessmert but shéuld be’

interpreted qualitatively because of limitations in the methodology for evaluating this pathway (EPA

1992a). For soil, EPA recommends quantifying dermal exposure for a contaminant only if there is

some experimental basis for estimating the amount of the contaminant that is absorbed. For contami-

nants associated with the QROU, dermal absorption fractions are available only for PCBs (Schaum ‘

1991). For the inorganic contaminants, a bounding upper-limit estimate was calculated using the
gastrointestinal absorption fraction (f;) (DOE 1988); a value of 0.2 was assumed for nitroaromatic
compounds. For dermal contact with surface water, dermal permeability coefficients were used n
the intake equation to estimate the amount of contaminant that could be absorbed per unit area of
skin per unit time. Contaminant-specific permeability coefficients were not available for the contam-
. inants associated with the QROU; therefore, the default value of 1 x 1073 ‘was used (Schaum 199 1).

-3.3.1 Chemical Intakes

Exposure to chemical contaminants is'expressed in terms of intake. Intake is the a?ﬂpou_nt
of contaminant taken into the body per unit body weight per unit time (expressed as milligrams of
contaminant per kilogram of body weight per day [mg/kg-d]). Estimates of intakes were calculated
for ingestion of water, sediment, and fish; dermal contact; and inhalation of contaminated pa;rticu—
lates. The intake of chemical contaminant i (I,) from ingestion of water was calculated as follows:

L=C,xIR, xEFxED / BW x AT,

_ where:
C,; = concentration of contaminant i in water (mg/L), ‘
< g A
IR, = water ingestion rate (L/event), |
- EF = exposure frequency (events/yr),

ot
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ED exposure duration (yr),

5

BW = average body weight over the exposure period (kg), and

AT = averaging time (d).
The chemical EPCs and estimated intakes for a recreational visitor from ingestion of surface water
at the slough and creeks are presented in Table 3.5 and 3.6, respectively. The EPCs and estimated
intakes for a hypothetical resident from ingestion of groundwater are shown in Table 3.8 for metals

and in Tables 3.9 and 3.10 for nitroaromatic compounds.

The intake of chemical contaminant i (I,) from ingestion of soil or sediment was calculated.

“as follows:
[[=C; x IR, x CF, x.EFVx ED / BW x AT,
where:
C,; = concentration of contaminant i in soil or sediment (mg/kg),
IR. = soil (or sediment) ingestion rate (mg/event), and

S

CF, = conversion factor (1 x 10 kg/mg).

‘Tables 3.3 and 3.5 present the chemical EPCs and estimated intakes from ingestion of soil ‘or_

sediment for a recreational visitor at the quarry proper and slough, respectively.

Intake of chemical contaminant i (I) from ingestion of fish from the slough was calculated
as follows: : '

= Cp; x IR x CF, x EF x ED / BW x AT,

where:

C = concentration of chemical contaminant i in fish tissue (mg/kg),

CF, = conversion factor (1 x 1073 kg/g), and

IR; = ingestion rate of fish (g/event).

‘Table 3.6 presents the EPCs and estimated intakes for the recreational visitor from ingestiori of fish.
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- The intake of chemical contaminant i (I,) from inhalation of soil was calct}lated as follows:

I=C.xIR, x ET xEFxED / BW x AT,
where: ‘ i P |

. C,; = concentration of contaminant i as respirable particulates (mg/m3),

IR, = inhalation rate (m3/h), and

| . ET = exposure time (h).

The chemical EPCs and estimated intakes from inhalation of air partlculates are presented in
Table 3.3.

The intake of chemical contaminant i (I,) from dermal contact with contaminated 5011 and
sedlment was calculated as follows: - ; ,

CsixSAxAFxABSixCleEFxED

= o

L BW x AT
where:
SA = skin surface area (cmzlevent), and
" AF = soil-to-skin adherence factor (mg/cm?), and
= fraction of contaminant i absorbed (unitless).

. ABS.

1

Tables 3.3 and 3.5 present the estimated intakes from dermal contact for a recreatxonal visitor at the
quarry proper and slough, respectively.. L K

The intake of chemical contaminant i (I,) from detmal contact with contaminated surface
water was calculated as follows:

et
s
b

CWixSAxPCixCF3xETxEFxED
! BW x AT

where:

"PC.

]

dermal permeability coefficient for contaminant i (cm/h) and
CF; = conversion factor (10'3 .L/cm3).

The estimated intakes from dermal contact with surface water are presented in Table 3.5.
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3,32 Radiological Intakes

Intake values for radioactive contaminants were calculated by methods similar to those used
to calculate intake of chemical carcinogens. Radiological intake is the amount of contaminant taken
into the body, expressed in pCi. Estimates of intakes were calculated for ingestion of water, soil, and
fish; dermal contact; and external irradiation. The intake of radioactive contaminant i (I,) from

- ingestion of water was calculated as follows:

Ii=RwixIwaEFxED,
where:‘

R,; = concentration of radionuclide i in water (pCi/L).

The radiological EPCs and estimated intakes for ingestion of surface water for a recreational visitor

at the slough and creeks are presented in Tables 3.5 and 3.6, respectively. The EPCs and estimated
intakes of uranium for a hypothetical resident are presented in Table 3.7.

Intakes of radioactive contaminant i (I;) from ingestion of soil or sediment were calculated
as follows: : :

Ii=RSixIRSxCF4xEFxED,
where: -

R.

S1

concentration of radionuclide i in soil or sediment (pCi/g) and
CF, = conversion factor (1 X 107 g/mg).-

The EPCs and estimated intakes for ingestion of soil or sediment by a recreational visitor at the
quarry proper and slough are presented in Tables 3.4 and 3.5, respectively.

Intake of radioactive contaminant i (I;) from ingestion of fish from the slough was
calculated as follows: )

IizRﬁxIfoEFxED,
where:

Rﬁ = concentration of radionuclide i in fish tissue (pCi/g).

The estimated intakes from ingestion of fish from the slough are presentéd in Table 3.6.
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" The intake of radioactive contaminant i (I) from inhalation of soil was ‘calculated as
follows: .

IizRaixIRaxETxEFxED,
where:

R, = concentration of contaminant i as respirable particulates (pCi/m3 i
The EPCs and estimated intakes from inhalation of contaminated particulates by a recreational
visitor in the quarry proper are presented in Table 3.4.

The intake of radioactive contaminant i (L) from external irradiation (in units of pCi-yr/g)

was calculated as follows: o
5 ““

L=R,;xETXxEFXEDx1/8760h. ]'

1‘,

~ Table 3.4 presents the estimated intakes from external irradiation to a recreatlonal vxsltor at the

quarry proper. The estimated radiological dose from external radiation was also calculated using the
average of the exposure rate measurements reported for the quarry proper. The radiological dose (in
units of mrem) from external gamma irradiation was calculated by multiplying the length of time
an individual was assumed to be exposed to the radiation field strength and the dose conversion

- factor of 0.95 mrem/mR.

The intake of radioactive contaminant i (1) from dermal contact with soil or sediment was
calculated as follows: : o

Ii=RSixSAxAFxABSixCF4xEFxED.

The estimated intakes from dermal absorption are presented in Table 3.4 for the quarry.proper and .
in Table 3.5 for the slough. : :

The intake of radioactive contaminant i (I;) from dermal contact with surface water was
=]
calculated as follows: ‘

Ii=RWixSA>_<PCixCF3xETxEFxED.

The estimated intake for dermal absorption of uranium by a recreational visitor at the slough is
presented in Table 3.5.




5
Lk

by

i

[$8]
© Gy

3.4 ESTIMATION OF CONTAMINANT INTAKE BY BIOTA

3.4.1 Ecological Receptors

Contaminant uptake was modeled for the mallard duck, great blue heron, bald eagle, and
white-tailed deer. Because of the nature of Little Femme Osage Creek, use of this stream was not
considered to be significant for these receptors, except for the white-tailed deer. The creek is too
small to serve as foraging habitat for the bald eagle. Although the mallard and great blue heron may
forage in the creek, these species are more likely to use the larger nearby waters of the slough,
Femme Osage Creek, and the Missouri‘Rivér. In contrast, the white-tailed deer is more likely to
drink from the creek. Thus, the uptake modeling considered exposure at only Femme Osage Slough
for the mallard; great blue heron, and bald eagle, and exposure at both the slough and Little Femme
Osage Creek for the white-tailed deer. However, the maximum contaminant concentrations reported -

- from either the slough or the creek were used in all uptake models, regardless of the exposure area

(slough or creek).
3.4.2 Equations for Estimating Intake

“3.4.2.1 Chemical Uptake from Ingestion of Drinking Water

To estimate chemical contaminant uptake for ecological receptors using Femme Osage -

Slough and Little Femme Osage Creek as drinking water sources, the following equation-was used:

_ADD,, = Y (CxFR)xIR/BW,

where:

ADD,, = applied daily dose (ADD) from drinking water (mg/kg-d) summed
over all drinking water sources,

C = contaminant concentration in drinking water source (mg/L),
FR = fraction of total water ingestion from contaminated source, calculated
as area of contaminated surface water body to total area of all surface
water within the home range of the receptor species (%, unitless),

IR = water ingestion rate (L/d), and

BW = body weight (kg).
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3.4.2.2 Chemical Uptake from Ingestion of Sediment —

|

~ Contaminant uptake from ingestion of sediment from Femme Osage Slough was estimated
using the following equation: L |
[N ¥

ADD Z(CXFSXIRXFR)/BW

ised —
where: - :
- ADDised = epplied,daily dose from ingestion of sediment (mg/kg-d), :
C | = contaminant concentration in sediment (mg/kg), . ‘tz . : l
FS = fraction of sediment in diet (%, unitless), - |
IR = food ingestion rate (kg/d), ; ,
; |
_ FR = ffaction of total food intake from contaminated area (%, _unitles‘j:s), '
and | "
BW = body weight (kg.).
3.4.2.3 Chemical Uptake from Ingestion of Food |
‘Contaminant uptake through food ingestion was estimated with the follol"i)vin’g equﬁti‘on:
ADD; = ) C, xDF, x SU x NIRy ,
where: _ - , , e T

ADD; = applied daily dose from food ingestion (malkc -d), summed over
all food items; '

‘ : :
C = average contaminant concentration in the food item (m0/k0), B | ,
DF = fraction of total diet represented by food item (%, unitless);

~ SU = site use factor, which represents the proportion of time the
' receptor occurs in the QROU area (the factor is used to est1mate
the proportion of daily intake originating from the QROU con-

* taminated area)

(area of contamination) = (home range area); and o
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i

NIR normalized ingestion rate of the food item (kg/kg-d)

I

[non-normalized ingestion rate (IR) (kg/d)]
+ [body weight (BW) (kg)].

3.4.2.4 Radiological Intake

The potential radiological doses to aquatic biota and terrestrial wildlife from exposure to
uranium in surface water and sediment in Femme Osage Slough were examined for comparison with
applicable dose limits specified in 10 CFR Part 834 (“Radiation Protection of the Public and the
Environment”). The dose limit from exposure to radiation or radioactive material discharged in i
liquid waste to natural waterways for protection of aquatic biota is 1 rad/d;.0.1 rad/d has been
proposed for terrestrial animals.

The daily dose rate to wildlife was estimated with the following equation by calculating the
rate of energy deposition from uranium in tissue per unit body weight of the receptor: :

Dose Rate=TCxE x K,

where:

TC = tissue concentration of the uranium (pCi/kg),

E - E = energy per decay = 10 MeV / decay for uranium (Publication 38 of the
& International Commission on Radiological Protection [ICRP 1983}), and

K = _conversion constant

= 0.037 (decay/s-pCi) x 107 (kg/g) x 86400 (s/d)
— x 1.6 x 10°® (ere/MeV) x 0.01 (rad-g/erg)

= 5.121 x 108 (rad-kg)/(d-MeV-pCi).

The tissue concentration (TC) was calculated with the following expression:

y
i

TC=CxfxET xIR/BW,
where:

C = uranjum concentration in surface water (pCi/L) or sediment (pCi/g),

[

f = absorption fraction (unitless),

for

s



28

ET = exposure time (d),

IR ingestion rate of water (L/d) or sediment (g/d), and

BW

'body weight of the receptor (kg).
- The dose rate to fish was determined with the following equation:

Dose Rate =C xBF xE x K,

where
C = uranium cohcentration in surface water (pCi/L) or sediment (pCi/g),
BF = bipaccumula ation factor (10 L/kg for uranium [Yu 1993]) 1
- E = energy per decay = 10 MeV / decay for uranium (ICRP 1983), and:
K | = con?érsibn constant (see above). | | |

3.4.2.5 Exposure Factors

Species-specific ‘information on ingestion rate, body weight, life expectancy,. diet
composition, and home range was obtained from the EPA Wildlife Exposure Factors Handbook
(EPA 1993), available scientific literature, and site-specific-data (such as Bethel et al. 1993).
Species-specific values for ingestion rates were directly available only for the white- talled deer. The

following allometric equation (EPA 1993) was used to estimate the food IHOCSUOD rates for the
mallard duck, great blue heron and bald eagle:

IR = 0.0582 (wt)*%! |
where:
IR = ingestion'rate (kg/d), and

wt

tt

_ weight of the receptor (kg).

Exposure factors used for this risk assessment are presented in Table 3.11.
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- 3.4.2.6 Model Assumptions.

Py

Because only limited species-specific data were available, the following assumptions were
made in modeling contaminant uptake: '

¢ The ingestion rate of each receptor would be constant over that receptor’s
entire home range.

* Biota uptake would not significantly affect the environmental concentration
of the contaminant.

» Transfer of contaminants between biota of different trophic levels would be
complete, as would assimilation of contaminants within each trophic level
(100% of ingested contaminant assimilated); excretion of contaminants was
ignored. '

* Plant tissue contaminant concentrations would be equal to the contaminant
~ concentrations in sediment.

¢ For estimation of radiological uptake, the absorbed fraction was assumed to
be 0.1 (the value for humans was conservatively estimated to be 0.5).

s For terrestrial wildlife, the exposure time was estimated as the receptor’s life
~ expectancy multiplied by the ratio of the area of the slough to the home range.

¢ For estimation of the dose to fish inhabiting the slough, contaminants were
~assumed to be distributed homogeneously within the tissues of the fish, and
all energy liberated by each decay within the fish was assumed to be totally
absorbed. '

3.4.3 Estimated Contaminant Doses

Chemical contaminant uptake through ingestion of water, food, and sediment was estimated -
as an applied daily dose (ADD) for the mallard (Table 3.12) and the great blue heron (Table 3.13).
Chemical contaminant doses from ingestion of water and food were estimated for the bald eagle
(Table 3.14). The estimated chemical contaminant doses for the white-tailed deer from the ingestion
of water from the slough and Little Femme Osage Creek are presented in Table 3.15.

Radiological daily dose estimates for the mallard, great blue heron, bald eagle, and
white-tailed deer from ingestion of surface water and sediment from the slough are presented in
Table 3.16. The daily dose rate for fish inhabiting the slough was estimated to be 2.0 x 10'? rad/d.
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TABLE 3.1 Human Receptors and Exposure Pathways for the QROUa. -

-Ingestion
External
Gamma Surface  Sediment/
Location/Receptor Radiation Water Soil Fish  Groundwater”
Quarry proper
Future recreational visitor X X X NA P
Femme Osage Slough
Current recreational visitor NA X X X 1P
. Future recreational visitor NA X - X X IP
Dermal Inhalation
Surface  Sediment/ Sediment/
Location/Receptor Water Soil Soil
Quarry proper ) .
Future recreational visitor X X X'
Femme Osage Slough ’ ' _ .
‘Current recreational visitor X X X -
Future recreational visitor X X - X

AnX indicaté_s that the exposure pathway was assessed for this receptor; NA = not
applicable; IP = incomplete pathway.

On the basis of current and projected future land use, exposure to contaminated ground-
water is an incomplete pathway. However, to provide information on potential risk, =
exposure to contaminated groundwater via ingestion and dermal contact was evaluated for
a hypothetical future resident.
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TABLE 3.2 Exposure Scenario Assumptions and Intake Parameters
for the Current and Future Recreational Visitor

Value for
Recreational
Parameter Unit ~ Visitor"
Exposure time h/event 4 (1)°
Exposure frequency events/yr 20
"Exposure duration yr 30
Body weight | kg 70
Sediment/soil ingestion rate mg/event 120°
Surface water ingestion rate ‘ mL/event © 200
Inhalation rate m’/h 2.1
Particulate emission factor m’/kg 4.63 x 16°
Fish ingestion rate g/event 55
Surface area (arms, hands, lower legs) cm? . 4,200
Surface area (hands) ) cm? : ) 820
Adherence factor of soil to skin mg/cmz-e\'/ent 2% 107!
Permeability Coefficient : ' cm/h 1x 103
Absorption fraction . unitless
Aluminum : ' . 0.01
Antimony 0.01
Arsenic . 0.5
Barium ‘ - 0.1
‘Beryllium ‘ 0.005
Cadmium - 0.05
Copper , ' : 0.5
Chromium ' ' 0.1
Manganese : ‘ : 0.1
Molybdenum 0.05
Nickel 0.05
‘Radium 0.2
Selenium 0.05
Silver 0.05
Thallium < 1.0
Thorium 0.0002
Uranium ‘ 0.002
Vanadium _ : 0.01
Zinc 0.5
PCBs ‘ 01
Nitroaromatic compounds : 0.2

For the hypothetical residential calculations, a groundwater ingestion rate of 2 L/d for
30 years was assumed for the ingestion pathway, and a surface area of 20,000 cm?
was assumed for dermal absorption from showering 10 min/d over 30 years.

Assumed to be wading for 1 hour in the slough.

Includes 6 years for an ingestion rate of 200 mg for a child, and 24 years for
ingestion rate of 100 mg per event for an adult.



TABLE 3.3 Exposure Point Concentrations and Estimated Chemical Contaminant Intakes for a Recreational Visitor

at the Quarry Proper®

Soil Fractures
Concentration (mg/kg) Concentration (mg/kg)
Intake (ing/kg-d) Intake (mg/kg-d)
Standard . Standard
Contauminant Mean Deviation ucL? - Ingestion Dermal Inhalation Mean Deviation ucL? Tngestion Inhalation
Metals :
Algminum 9,700 3,600 11,000 9.9 x 107 1.4 x 107 5% 17,000 . 9,300 24,000 23x 107 3sx 1ot
Selenium 24 4.3 35 33 % 107 “23x% 0% 50x 10" 10 14 2 20% 10°¢ koM
Sitver 0.98 2.4 1.6 1.5 % 107 1.0 x 10 22x 108 4.0 5.6 8.7 8.2 x 107 12 x 10
Uranium 72 1t 8.5 ° 8.0 x 107 2.2x 107 t2xto™ 26 43 36 33x 106 Sax 10
Zinc 9] 140 130 12 x 107 8.3 % 1076 18x 10" 9] 24 110 1.0x 103 16 %101 .
Organic compounds )
1,3,5-TNB 0.20 0.60 0.35 33 x 10 9.0% 10" 50x 107" 0.26 0.36 1.3 1.2%107 18 x 10"
1,3-DNB 0.042 0.052 0.0020 22% 101 5.1 x 10" 34x 107" o = - = =
2,4,6-TNT 0.13 0.48 0.24 2.3% 107 6.2 x 107 34x 1073 0.21 0.32 0.35 33x10% sox10?
: 9.8 x 10%) (2.6 x 10%) (14 x10%
2,4-DNT . 0.056 0.1 0.082 7.7 %10 2.1 %107 12x 10" 0.16 . 029 0.29 27 %107 4.1%x10™"
33x107) 9.0 x 107 6.7 x 10)
2,6-DNT 0.043 0.053 0.056 12 x 107 1.4 x 107 1.8x 10" 0.10 0.073 - 0.13 7.4x 107" L x o'
: (23 %107 (6.2 % 10 _ T = ‘(32x% 10"
Nitrobenzene = - . = = - = 0.10 0.077 0.10 “8Ix 10" 13% 10"
PCBs 0.46 0.93 Il T 1.0x 107 14 % 10% 1.6 x 107" 0.27 0.20 0.61 58x 10" 8.6x 107"
(4.4 % 104 6.0 10™) 6.9x 1073 @ax10hy  @7x10")
PAHs 0.052 0.11 0.088 8.3x 10" 12x10” . 12x 10" = = = = 5
(3.5 % 10 6.0% 10"

(see Section 3.2 for rationale).

proper.

<

A hyphen (=) indicates the parameter was not detected.

~ Values in parentheses represent carcinogenic intake for the parameter; values not in parenthe:

ses represent noncarcinogenic intake for the parameter. Dermal intakes were calculated for soils only

Intakes were calculated using the UCL as the exposure point concentration. UCL = 95% upper confidence fimit of the arithmetic average; the UCLs are based on all data collected from the quarry

43



TABLE 3.4 Exposure Point Concentrations and Estimated Radiological Contaminant Intakes
for a Recreational Visitor at the Quarry Proper”

Concentration (pCi/g) ’ . Intake
Exposurce . ‘ Standard External® Ingestion  Inhalation: Dermal’
Unit Radionuclide Mecan Deviation UcL? (pCi-yr/gy  (pCi) (pCi) (pCi)
Soil - Radium-226 2.4 6.9 3.2 0.87 23x 107 3ax 107 62
Radium-228 23 10 3.4 - 0.94 25%x 100 3.7x107° 66
Thorium-230 30 190 59 16 43x 100 6.5x 102 12 .
Thorium-232 1.5 3.0 . 2.1 0.57 1.5 % '102 23x 107 4.1 %107
Uranium-238 4.8 7:5 5.7 1.6 41x10°  62x107° i.1
Fractures Radium-226 4.5 7.8 6.3 1.7 45% 10> 68x 107 NA
~ Radium-228 4.6 9.7, 6.8 1.9 49% 10> 75%x1073 ‘NA w
- &
Thorium-230 58 . 120 88 24 63x 10 95x 107 NA
Thorium-232° 5.7 12 95 2.6 6.8x 10 - 1.0x 107 NA
Uranium-238 17 29 24 65 17x10°  26x10%  NA )
* For the quarry pond, uranium was identified as the only COPC. Ingestion of surface water was evaluated using the
maximum concentration of 540 pCi/L. The estimated combined intake from ingestion and dermal contact was
6.6 x 10* pCi.
® Intakes were calculated using the UCL as the exposure point concentration. UCL = 95% upper conlidence limit of the __
arithmetic average; the UCLs are based on all data collected from the quarry proper.
¢ The radiological dose from external radiation (in units of mrem) was calculated using the average of exposure rate
measurements (17 pR/h) in the quarry. The estimated dose was 39 mrem.
‘ :

Dermal intakes were calculated for soils only (sc.c Scction 3.2 for rationale).



TABLE 3.5 Exposure Point Concentratlons and Estxmated Contaminant Intakes for a Recreatlonal Visitor from Exposure
to Surface Water.and Sediment at Femme Osage Slough

Surface Water Sediment
Exposure Point Intake” (pCi) i Concentration (pCifg) - Intake” (pCi)
Concentration” . _
Contaminant - (pCi/L) Ingestion Dermal Mean StDev® ucLd Ingestion Dermal Inhalation
Radionuclides .
Uranium, total 53 6.4x10% 1.3 x 10 9 1.2 4.5 3.2 x 10? - 89x% 10" 49 x 107
Surface Water ; Sediment
Exbosurc Point Intake” (n'lg/kg-‘d) Concentration (mg/kg) Intake” (mg/kg-d)
Concentration® : i
Contaminant (mg/l.) Ingestion Dermal Mean Sthev® ucL! Ingestion Dernmal Inhalation
Chemicals
Metals ‘I{
Aluminum 7.0 L1x 10 23 %10 12,000 5,100- 15,000 1.4 %107 19x 10 2.0 x 107
Antimony o — = 12 8.1 16 15 x 10 2.1 107 2.3 x (oM
Arsenic 0.0087 14 %10 29x10% - -, = - - -
- _ (5.8x 107 (r2x10% , ‘ .
Beryllium = = = 12 0.30 14 13x107 9.0x 10710 19x10"?
. . (58x 10" (3.9x% 107 (83x 107
Cadmium = ' & : e 11 10 1.3 13 %107 8.3x 10Y 1.9 107"
' : 82x 10"
Chromium - - - - 16 - 11 : 19 1.8 x 10 24 %107 27x 10
: _ (e x1o'h
Copper 0011 17x10% . 36x10® 21 53 24 23x 108 - 1.5 x 107 34x 107"
Manganese = = = 740 180 840 79%x 103 1.5x% 107 12x 107
Mercury = = = 0.07 0.14 0.10 9.6 x 107 26x 101 14 x 10
Molybdenum . = - I 1.5 091 2.0 C19x 107 13x10% 2.8x 107"
Nickel 0.014 2.1x 10" 45x%10°% 21 37 23 22x 10 1.5 % 107 33x 1o
Selenium = = — 2.6 5.6 39 3.6 x 107 25x 10* 55x 10"

Strontium 0.26 4.0%10% 84 x107 50 14 —~ 58 - - sax10® - T5x 10% 7 82x10"
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TABLE 3.5 (Cont.)
Surface Water . . Sediment
Exposure Point Intake” (mg/kg-d) Concentration (mg/kg) Intake® (mg/kg-d)
Concentration® .
Contaminant (mg/L) Ingestion Dermal - Mean Sthev® uctd Ingestion Dermal Inhalation
Chemicals (Cont.)
Metals (cont.) ) 3
Uranium 0.0059 93 x 107 20x10% 35 2.0 5.0 4.7 x 107 1.3x 107 7.1 x 1072
Vanadium = & ~ 3l 8.5 36 . 34x 106 46x 10 CSsaxaot
Zine 0.085 1.3 x 107 2.8 x 107 68 37 7 72 x 106 49x10° x 100
Nitroaromatic compounds .
13,5 TNB. 0.000040 6.3x 107 13x 107" 0.012 0.032 0.025 24 % 107 64x 101 . 36x10"
1,3-DNB o - o 0.0044 0.0051 0.0065 6.1x 10710 17x 10" 92 % 107" L
: . G
2,4,6-TNT 0.000067 1.0x10® 22x107'0 0.12 0.32 0.25 94 x 107" 6.4 %107 36x 10710
@sx10%)  @4xioth @0 x 109 2.7 x10%) (15% 101 |
5 i 3
2,4-DNT 0.000037 5.8x% 107 12x 10 0.0044 0.0051 0.0065 6.1x 1010 17 x 109 92x 10"
: (25 %10 (52x 10" (2.6 x 10719 (72x10'" (39x 10"
2,6-DNT 0.000026 4.0 %107 8.6x 107" 012 0.32 0.25 1.9 % 107 6.4 %10 36x 1071
(1.7 % 10%) 37x 10" @1x10" @1x10Y) (1.5 % 10"
Nitrobenzene - - - 0.12 0.32 025 9.4 x 1071 T 64x107 36x 10"

Exposure point concentration is the maximum concentration reported for the parameter. The uraniuim value is maximum concentration reported in samples collected since 1995.

Values in parentheses represent carcinogenic intake for the parameter; vaues not in parentheses rcpfcscnl noncarcinogenic intake for the parameter.

StDev = standard deviation, )

Intakes were calculated using the UCL as the exposure point concentration. UCL = 95% upper confidence limit of the arithmetic average; the UCLs are based on all data collected from the slough.
Urantum-238.

A hyphen (=) indicates the parameter is not a COPC for that medium.



36
.TABLE 3.6 Exposure Point Concentrations and

Estimated Contaminant Intakes for Ingestion
of Fish from Femme Osage Slough

EPC? Intake r
Contaminant (pCi/g) (pCi)
Radionuclides _
Uranium, total ‘ 0.0057 190
Exposure Point
Concentration® Intake
Contaminant (mg/kg) (mg/kg-d) ‘
Chemicals 'ﬂ
© Metals
Arsénic 0.085 3.7x 10
o (1.6 x 10
Lead 0.83 . 36x%x107
Mercury , 0.14 6.0 x 1076
Uranium 0.0079 34 x 107 .

2 EPC = maximum detected concentration in the edible .
portion of fish. ‘ £ g

Estimated daily intake averaged over a lifetime of
.70 years.

Sigadd
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TABLE 3.7 Estimated Intakes of Uranium for the Hybothetical Future Resident

b
i Uranium , Uranium
Intake (pCi) Intake (pCi)
. EPC® EPC? _
o Well ID (pCYL)  Ingestion Dermal Well ID (pCi/L)  Ingestion Dermal
3 North of Slough ' . 7 South of Slough o
"1 MW-1002 3.6 76x10°  42x10! MW-1010 0.4 93x10°  52x102
MW-1004 3,500  74x10"  42x10% MW-1011 5.6 12x10° © 6.6x 107!
: MW-1005 2200  46x107  26x 10° MW-1017 L5 32x10°  1.8x 10"
MW-1006 3,100 65x107  3.7x 10" MW-1018 1.8 38x10*0  21x107
MW-1007 61 13x10° 72 MW-1019 5.1 1.1x10°  6.0x10"
MW-1008 3,500 73x107 4.1 x10? MW-1020 45 . 94x10*  s53x10"
MW-1009 . 15 3.2x 10> 1.8 MW-1021 0.90 19x10*  11x10!
MW-1013 930 20x107  L1x10? : MW-1022 0.90 19x10*  1L1x10!
MW-1014 1,100 24x107  13x10 MW-1023 1.8 38x 10" 2.1x10!
MW-1015 330 70x10®  39x10! MW-1033 3.7 79x10°  44xi10t
MW-1016 200 43x10  24x10! T MW-1044 0.31 6.5x10°  3.6x 102
MW-1026 0.10 22%10° 12%107 RMW-1 15 32x100  18x10!
MW-1027 430 90x10° 5.1 x10! RMW-2 6.8 14x10°  8.0x10"
MW-1028 3.2 65x10*  37x 10" RMW-3 1 23x10*  1.3x10!
MW-1029 22 45x10*  25x10" RMW-4 2.5 54x10°  3.0x 10"
i ./ MW-1030 63 13x10°  7.4x10° ' '
ik ' MW-1031 170 36x10° 20x10'
' MW-1032 1,000 22x107 12x10% -
MW-1035 0.56 12x10°  65x 107
MW-1036 7.8 1.6x10°  92x10!
- MW-1037 2.1 43x10*  24x10!
5 MW-1038 39 82x10*  46x10"
' MW-1039 . 062  13x10° 7.2x102
¥ MW-1040 6.6 14x10°  7.8x 107!
'm‘% MW-1041 45  95x10°  53x10!
g MW-1045 58  12x10° 68x107!
MW-1046 28 59%10° 3.3
: MW-1047 30 63x10°  35x107!
MW-1048 200 43x106  24x 10!
; MW-1049 050  LIx10*  59x102

? EPC = upper confidence limit of the arithmetic average (UCL) or the maximum value reported for uranium for each
well from the data collected since 1995.




TABLE 3.8 Estimated Noncarcinogenic Intakes of Metal COPCs for the Hypothetical Future Rcsi.dent

Barium

Cadmium

Chromium

Copper

EPC*

Intake (mg/kg-vd)

Intake (ing/kg-d)

EpC?

Intake (ing/kg-d)

Intake (mg/kg-d)

EPC* EPC*
Well ID (pg/L) Ingestion Dermal (ng/L) Ingestion " Dermal (ug/L) Ingestion Dermal (pg/L) Ingestion Dermal
~ North of Slough ) ) )
MW-1002 120 3.2x% 107 5.1 %100 NCP b - 4.0 1.1x 10" 1.8 x 107 NC = =
MW-1004 79 22x 107 35x% 10°¢ NC - = NC S = 10 28x 107 45x107
MW-1005 NS" = = = NS = = NS . = = NS = =
MW-1006 76 2 x 107 33x 100 3.1 g4x10° 1ax107 2.8 7.8 x 107 1.2x 107 25 69x10%  Li1x10®
MW-1007 330 9.1 % 1073 1.5x 107 - NC = - NC = = 25 69x10*  1LIx10%"
MW-1008 81 22x 107 3.6 x 106 NC - = NC - = 33 89x10%  14x10%
MW-1009 470 1.3 x 102 2.1 x 107 NC = = NC = = 16 44x10*  7.0x%107
“MW-1013 200 53x107 8.5x 106 NC = = NC = - NC - =
MW-1014 140 37x10%  59x10% NC = - NC - - 4.9 13x10% 2% 107
MW-1015 270 73 %103 1.2x 1073 NC = - NC = = 17 45x 107  72x107
MW-1016 170 4.6x 107 7.4 x 10 NC S = 6.4 1.8x 10" 2.8.x.107 18 4810 —77%107—
“MW-1026 400 LLx 102 LIx 03— N—————— = N . - - 18 49x10*  78x107
MW-1027 120 33x 107 53x% 100 NC - = 5.3 15x10%  23x107 18 48x 0% 77x107
MW-1028 350 9.7x 107 1.6 %10 NC — = NC - = = NC = =
MW-1029 110 3.1 %107 49x10% NC = = 74 2.0x 107 32x 107 27 15x10% - 1ax10°®
MW-1030 180 49x10°  79x10% 35 9.7x10%  1.6x107 92 25x10°  46x10% 24 66x10%  LIx10¢
MW-1031 110 2.9x% 107 4.6x 10 NC = = NC = = NC = -
MW-1032 96 2.6 x 107 42 x 10 NC = = NC = = 6.9 19%10%  30x107
MW-1035 300 8.3 % 107 1.3% 107 0.56 15x10%  25x10% 1 2.9 x 107 47x107 NC = =
MW-1036 250 6.7 %10 1.1x 107 0.26 7.0 %10 11 x 0% 9.3 25x10%  4.1x107 5.9 16x10%  2.6x107
MW-1037 410 1.1 x 102 1.8 x 107 0.34 9.3 x 10°° 1.5x10% 19 53x10* 8.5x 107 1t 3.0x10%  48x107
MW-1038 380 10x 107 1.6x10° NC . = 9.6 26x10%  42x107 14 18x 10 6.1x107
MW-1039 530 15x 102 23x10° NC - - 5.4 15x 10 24x107 8.6 24x 10" 38x107
MW-1040 380 1.0x 102 17x10° 2.1 59x 107 9.4 x10% 18 4.9x 10 79x 107 24 65x 10" 1.0x10%
MW-1041 430 1.2x10° 1.9 x 107 2.7 73x% 107 1.2x 107 9.5 2.6 x 10 42 x 107 NC = =
MW-1045 320 8.8x 107 1.4 x 107 NC = = 8.7 24%x10% 38x107 36 99x 10" 1.6x10°
MW-1046 220 6.1 x 107 9.8x 106 NC = = o 3ax10? 49x107 37 1.0x10°  1.6x10°
MW-1047 " 600 1.7x 1072 2.6 x 107 NC = = 14 38x10%  60x107 35 95%x 10 1.5x10°
MW-1048 460 1.3x 107 2.0x 107 NC = & 1" 30x10t  47x107 120 32x10% sax106
MW-1049 1200 34x10?  54x10° NC - - 8.4 23x10¢  37x107 22 __59x100 95x107

(%)
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TABLE 3.8 (Cont.)
Manganese o : Mercury : Nickel Thatlium
Intuke (mg/kg-d) . Intake (vlng/kg-d) Intake (ing/kg-d) Intake (mg/kg-d)
_ EPC" . ) EPC? EPCH EPCH :
Well 1D (ng/L) Ingestion Denmat (pg/l) . Ingestion Denmnat (pg/L) _ Ingestion Dermal (ug/L) Ingestion Dermal
North of Slough (cont.) )
MW-1002 330 92x 107 Lsx 108 NC - - 8 49x10%  78x107 NC - -
MW-1004 gREN) 93x oY 1.5 x 108 NC = = 28 - 6ox10Y 1L x 10 39 0 nix10? 17 x107
MW- 1005 NS - = NC - = NS - = = NS .- - =
MW-1006 -~ 2200 6.1x10%  97x10° NC - - NC - - 54 asxwt o 24x107
MW-1007 3,900 LIxiot 1.7x 10 NC . = ' = NC = = 8.3 23x107%  3.6x107
MW-1008 3,600 97%x 102" 16x10* NC = : = NC ~ = NC = =2
MW-1009 5,000 1ax10" 22x10* NC = = NC - = 6.9 19% 10" 3.0x107
MW-1013 620 17x10? 2.7x 107 - NC = = NC = = NC = =
MW-1014 170 4.7 % 1073 75x% 10 NC = = NC = = NC = =
MW-1015 98 27x 100 .43x10° NC = = NC = = 33 9.0x10° 14 x107
MW-1016 220 6.0 x 107 9.6 x 10 NC 2 = NC = = NC - = %
MW-1026 2,000 S3x 107 85x 107 NC = = 15 41x 107 6.6x107 NC = =
MW-1027 55 1.5% 103 24 %100 0.16 44x10%  70x10”? NC - = NC - -
MW-1028 810 22x107  36x10° NC - - NC - - G 15x 10" 24x107
- MW-1029 95 2.6x 107 42x 100 . NC = = 13 . 36x10*  57x107 27 74%x10°  12x107
MW-1030 1200  33x10%  52x10°? NC - - st 17x107  27x10° 47 13x 10 2.1 x107
MW-1031 16 4.4 x 10™ 7.0x 107 NC = = NC = = 49 13x10"  2ax1?
MW-1032 120 3.1 % 107 50x 106 NC = = 18 49x 100 78x107 NC = =
MW-1035 730 2.0x% 102 32 x 107 0.36 1.0x107° 1.6 x 107* NC = = NC = =
MW-1036 640 1.8 x 1072 2.8 x 107 NC = = 42 12 % 107 1.8 % 107 NC = =
MW-1037 1,700 47x10% 15x10° NC = = . NC = = NC = =
MW-1038 410 Lix10? 1.8 %107 NC - - = NC - = NC = =
MW-1039 2,600 7ax10? . paxio? NC = = NC - = NC = =
MW-1040 1300 - 3.5x10? 5.6% 107 NC = = ; 21 5.8 %10 92x 107 45 12x 0%  20x107
MW-1041 1,100 2.9x% 102 4.6 % 107 NC = = 7.3 2.0x 10 32x107 " NC = =
MW-1045 1,300 3.5x% 102 5.5 %107 NC = = 38 1.0x 103 1.6 % 10 NC = =
MW-1046 190 53x10%  gsx10® NC - - 19 53x%10%  84x107 NC - -
MW-1047 470 1.3x 102 2.0 x 107 NC = = 15 40%x10%  64x107 NC = =
MW-1048 570 1.6 x 1072 2.5% 107 NC = = NC - = NC —~ =
MW-1049 980 2.7 x 1072 43x% (07 _NC = = 13 36x10%  57x107 NC = =

A e



TABLE 3.8 (Cont.)

Uranium

Vanadium

Zinc

Inlake (mg/kg-d)

[ntake (mg/kg-d)

Intake (mg/kg_-d)

o MwRe

EPCY Epe
Well 1D (ng/L) " Ingestion Dermal Ingestion ~ Dermal (ng/l) ‘ ~ Ingestion Dermal
North of Slough (cont.)
MW-1002 54 15x 107 24x107 = = 8.4 23x10%  37%107
MW-1004 5,300 1.4 % 107! 23x 107 = - 14 3.8 x 107 6.0x 107
MW- 1005, 3,300 9.0 x 1072 14 x 10 = =~ NS - =
MW-1006 4,600 1.3x 10" 2.0 10 68x107  Lix10° 21 5810 93 % 107
MW-1007 91 2.5x% 107 4.0x% 10 2.6 x 107 12 x10° 23 - 64x10% 1.0x 107
" MW-1008 5,200 1.4 x 10" 2.3 % 107 9.2 x 10 1.5 x 106 30 8.3 x 10" 1.3% 106
MW-1009 23 6.2x10™ 9.9 x 107 5.0x 10 8.1 x 107 22 6.0x 10 9.6 x 107
MW-10(3 1,400 37 % 1072 6.0 x 1073 = - 15 41x10% 65x107
MW-1014 1,700 4.6 % 10 7.4 % 107 = = 9.8 2.7x 10 43 %107
MW-1015 500 14 x 107 2.2 % 1073 37 x 107 59x% 107 67 1.8x 107 2.9x 106
MW-1016 310 8.4 x (07 13x10°% 44x10?  70x107 69 19x102
MW-1026 0.15 4.1-%-108 6:6%-10? 37x 10" 6.0 x 107 12 34x107 5.4x% 107
 MW-1027 640 1.8x 107 28x 107 40x 10 6.4 x 107 12 20x% 107 32 x 10°°
MW-1028 4.6 13x 10 2.0x 107 2 = 10 27x 100 44x107
MW-1029 32 8.8x 107 1.4 x 107 34 %10 54 %107 24 6.6x10" 1.1x10°
MW-1030 95 2.6x 107 42x10° 45x% 10" 7.2% 107 120 32x107 s2x10¢
MW-1031 260 7.0x% 107 LIx 10 = = 6.7 1.8x 10 29x 107
MW-1032 1,600 43x 107 69107 - = 24 6.6% 10 L1x10°
MW-1035 0.83 23x 107 3.6x 107 T4 x 108 12 x 107 9.2 2.5% 10 4.0x 107
MW-1036 12 3.2 % 10 5.2x 107 9.9 x 103 1.6x 107 15 4.2 x 107 6.7x 107
MW-1037 3. 8.5x% 107 14 x 107 19 % 104 3.1 x 107 36 9.9 x 10" 1.6 % 10°
MW-1038 58 1.6x 107 2.5x% 107 23x 107 3.7 % 107 42 11x 107 1.8 % 10°
MW-1039 0.92 25%x 107 40x (0¥ 8.2 x 1073 1.3x 107 38 1.0x 1073 1.7x10°¢
MW-1040 10 2.7x 10 44x 107 8.8x 10 1.4 x 10 8S 23 %107 37x10%
MW-1041 6.7 1.8 % 107 29%107 - = 18 49 %107 79x 107
MW- {045 87 24x 10" agx 07 11 x 107 1.8 x 100 54 1.5 % 107 24 % 10°
MW-1046 42 1.2x 107 1.8x10¢ 5.0% 10 8.1x 107 60 1.6 % 107 2.6x 10
MW-1047 5.3 12x 10" 2.0x% 107 5.1x 10" 8.2x 107 97 - 2.7x 107 42 x10°
MW-1048 300 8.2 x 107 13107 1.8 x 107 29x% 10° 160 45% 107 72% 10
MW-1049 0.74 2.0x 107 32x 0% 3.7x 10 5.9x 107 46 1.3 % 107 20x 10

30x40f—
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TABLE 3.8 (Cont.)
Barium Cadmium Chrotium Copper
. Intake (mg/kg-d) Entake (mg/kg-d) . Intake (mg/kg-d) ) Intake (mg/ki;-ll)
EPC* EPC EPC* ‘EPCY
Welt 1D (pg/L) Ingestion Dermal (pg/l) Ingestion Dermal (pg/L) Ingestion Dermal (pg/L) Ingestion Dermal
South of Slough :

MW-1010 -340 94 % 10 1.5 %103 NC: = = NC = = 14 318x 10" 0ox107
MW-1011 100 2.8 x 107 4.4 % 100 NC = = NC - = ¥ Lx0?t 1Ixit
MW-1017 890 24x10? 0 39x10° NC - - 8.8 24% 100 38 x 107 13 37x107 59x107
MW-1018 530 14 x 107 2.3% 107 NC = = 6.4 1.8 x 10 2.8 x 107 8.4 23x 107 37x107
MW-1019 670 1gx10? 29x10° NC - - Ce7 - asxi0t 29x 107 92 25%x 10" 40x107
MW-1020 350 9.7 x 107 1.6 %107 NC = = NC o = 14 39%x10%  63x107
MW-1021 700 19 x 102 31 x 109 NC = it 38 Loxio? 17 x 107 8.9 24x10%  39x107
MW-1022 490 1.3x 1072 2.1 % 10° NC = = NC - = 54 15x 1070 24 x107
MW-1023 600 Lex10? - 2.6x 107 NC = = 18 49x10%  78x107 - 28 7.6x 107 12x10®
MW-1033 760 2.1x 102 33x 10" NC = = 5.1 Lax 10 22x 107 43 12x10%  19x107
MW-1044 620 17x10%  27x10% | NC = = 1 30x10%  48x107 34 94x 10" 15x10° &
RMW-1 620 17x102  27%x10% NC = = 9.9 27x10%  43x107 2.6 71x10%  1L1x107
RMW-2 390 1.1 x 1972 1.7 x 1079 NC . = = 8.1 22x10%  36x107 - NC = =
RMW-3 450 12x 102 2.0 x 107 NC = = NC ~ = ' NC = s o=
RMW-4 260 7.0x 107 11x 108 NC = oy NC - = NC = -



TABLE 3.8 (Cont.)

. Manganese . Mercury - Nickel : Thallium
Intake (mg/kg-d) Intake (mg/kg-d) Intake (mg/kg-d) Intake (mg/kg-d)
EPCY - EPC? EPC' EPC?
Wwell 1D (ng/L) Ingestion Dermal (ng/l) Ingestion Dermal (pg/L) Ingestion Dermal (pg/L) lhgcsliun  Dermal
South of Slough (cont.) )
MW-1010 1,000 28x 107 46x107 NC = = NC - ~ ‘NC - =
MW-1011 X! 6.7 % 10 14 x 1070 NC T = - NC - = NEC - = =
MW-1017 390 1.0 x 102 17 %107 NC - = 14 39x 10 - 63x 107 4.5 12x10% 20x107
MW-10138 790 22x10° 35x 107 NC = - 21 58x 107 93x107 4.9 1ax10t 20 x107
MW-1019 1,900 §52% 107 8.3 % 107 NC = - NC = s € NC = =
MW-1020 - 2,400 6.5 % 1072 1.0 % 107 NC . - = 1 30x 10" agx 107 35 0 9.6x10°  L5x 107
MW-1021 510 14x10? 2.2 x 107 NC = = 12 33x10%  53x107 3.1 8.5x10°  14x107
MW-1022 580 1.6% 102 25x% 107 NC ~ = 14 - 38x10%  6.1x107 NC = =
MW-1023 760 20x107  33x107 NC ~ - 27 5% 104 12x10° 41 pIx10t 1gx 107
MW-1033 1,300 35x 1072 55x% 107 NC - = 13 3.5x% [0 56x% 107 NC. . - -
MW-1044 920 25x 107 40x107 NC 2 — 04 2:7-x-10——4:3%107 NC = = A
RMW-] 2,900 B.0x 107 13 x 10" NC ~ = ‘ 8.8 24%x10%  39x107 NC = e
RMW-2 860 23x 102 37x10° NC = - NC ~ - NC - =
RMW-3 NS — = NS = = NS — = NS = =
RMW-4 NS = = NS e

= NS - - NS = =

g




TABLE 3.8 (Cont.)
- Uranium Vanadium Zinc
- Intake (mg/kg-d) Intake (ll\g/kgid) Intake (mg/kg-d)
EPC? ' ' EPC* ' EPC?
Well ID (pg/l) Ingestion Dermal (ng/L) Ingestion Dermal (ng/L) Ingestion Dermal
South of Slough (cont.)
MW-1010 0.66 1ax 108 29x10® 7.6 20 x 10" 3axt07 8.2 2% 107 36x 107
MW-1011 8.3 23x 107 36x 107 12 33x10" s2x 107 NC = =
MW-1017 2.2 6.0x10%  96x10* 13 37x Y s9x 107 67 18X 107 29x10°
MW-10138 247 74 107 1.2 %107 9.8 27x 10" 43 x 107 47 1ax 10 21 x10°
MW-1019 7.6 20x 10" 33x107 9.1 25x 107 40x 107 43 12x10%  19x10°
MW-1020 6.7 1.8x 0% 29x107 14 37x10% 59x107 1 x 0t soxio? |
MW-1021 13 36x10°  s7x10® 79 22x10%  35x107 37 10x 107 1.6x10°
MW-1022 13 36x10°  57x10% 37 0 roxt jexta’ 31 85x10%  14x10®
MW-1023 2.7 7.4x%10° 12x107 31 86x 104  14axi0® 110 30x10°  49x10°
MW-1033 5.6 1.5x10%  24x107 NC = = 14 38x10%  60x107
MW-1044 0.46 13x10%  20x10® 24 67x10*  LIx10° 63 17%10°  28x10°
RMW-| 2.3 6.3x 107 1.0x 107 NC = = 36 98x10%  16x10°
~ RMW-2 10 28x 104 45x107 NC - = 33 92x10%  15x10°
RMW-3 1.6 44x%10°%  7.0x10% NS = - - NS = -
RMW-4 3.8 1ox 10 17x107 NS Co- - NS - -

q

b

<

A hyphen (=) indicates that paramneter was not detected.

EPC = upper confidence limit or the maximum value reported for each well from the data collected since 1995.

NC = not calculated because parameter not detected in this well; NS = sample not analyzed for this parameter.

&r



TABLE 3.9 Estimated Noncarcinogenic Intakes of Nitroaromatic Compound COPCs
for the Hypothetical Future Resident”

1,3,5-TNB . . 1,3-DNB 2,4,6-TNT

Intake (mg/kg-d) Intake (mg/kg-d) Intake (mg/kg-d)

Bpc? . Epch EPC

Well 1D (pg/ll) Ingestion Dermal (ng/L) Ingestion Dermal (ng/L) Ingestion Dermal
MW-{002 160 4.4 %107 7.0 10°° 0.42 12 % 1073 1.8x10% 34 93 x 10 1.5 106
MW-1004 1.1 3.0 x 1073 49%10* 0.60 1.7 x 107 2.6x 10°* 9.9 2.7 x 107 43 x 107

" MW-1005 NC* = = NC - = NC = -
MW-1006 120. 34 %107 54 % 10°° 0.14 38 x 100 6.1 % 10" 12 32 % 10 5.1 x 107
MW-1007 0.27 7.4 % 106 12x10% NC = - 0.078 2.1 x 100 34 x 10°
MW-1008 0.12 32x 100 . so0xi10” NC = = 0.19 5.3 %106 8.5x 107
MW-1009 NC - = NC . - NC - &
MW-1013 NC . = NC — = NC = =
MW-1014 NC = - NC - = NC = , =
MW-1015 7.4 2.0x 10 33x 107 0.16 43x 10 6.9x 10" 2.9 7.9 x 107 1.3x 107
MW-1016 0.50 1.4 x 107 22x 10 NC = = 030 83.x108 1-3-%-10*
MW-1026 Ne— —————————— NC = = NC . = =
MW-1027 0.051 Lax10®  22x10? NC - - L1 310 49x10*
MW-1028 NC - — NC = = NC = =
MW-1029 NC o = NC - = NC = =
MW-1030 NC = = NC - - 0.022 6.0x 107 9.5 x 1071
MW-1031 NC 2 = NC = = NC. s =
MW-1032 0.13 35x% 100 55x% 107 NC = = 043 . 12x10° 19x10%
MW-1035 NC o = NC - = = NC = Yo
MW-1036 NC - - NC - - NC = =
MW-1037 NC - = NC - = NC = =
MW-1038 NC - - NC - - NC - » -
MW-1039 NC = - NC ~ - NC = =
MW-1040 NC = = NC 2 = NC - -
MW-1041 NC - = NC - - NC - =
MW-1045 NC = = NC - = NC - =
MW-1046 NC - = NC = - NC = -
MW-1047 NC = - NC = - NC = =
MW-1048 NC - - NC - = NC ~ -
MW-1049 NC = = NC 2 = NC =

rE
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TABLE 3.9 (Cont.)
: 2,4-DNT 2,6-DNT
Intake (mg/kg-d) ! Intake (mg/kg-d)
: EPC* ‘ ' EPC*

Wwell 1D (pg/l.) Ingestion . Dermal (ng/L) Ingestion Dermal
MW-1002 0.13 316 x 1070 S8x 107 12 33x 107 s2x 107
MW-1004 071 1exi? 30 % 108 0.94 2.6 % 107 4.1 % 10"
MW-1005 NC - = o NC = =

" MW-1006 0.45 1.2 % 107 20x% [0* 2.3 64 %107, 1.0x 107
MW-1007 NC - = 0.024 - 6.5x 107 1.0 x 107
MW-1008 NC * e - 0.043 12x 100 19x10?
MW-1009 NC = - NC = =
MW-1013 0.037 1.0x10° 1.6 x 107 0.013 3.6x 107 5.7 %107
MW-1014 NC = - NC - -
MW-1015 0.029 8.0 x 107 1.3x 107 0.21 5.8x 106 9.2 x 107
MW-1016 NC = ~ 0.047 - 13x 106 2.1.x 107
MW-1026 NC = L= NC = =
MW-1027 =~ 43 12x 10 1.9 % 107 22 60x10° " 96x10® it
MW-1028 NC & = NC = = ] “
MW-i029 NC = = 0.011 31x107 50x 1071
MW-1030 0.026 7.1% 107 1.1 x10? 0.032 8.7 x 107 1.4x 107
MW-1031 NC - = NC = =
MW-1032 0.27 74 %107 12x10% 0.069 1.9 x 10 3.0x 10
MW-1035 NC o = ‘NC - 2
MW-1036 NC = = NC . = s
MW-1037 0.018 48 x 107 7.7 %1070 NC = =
MW-1038 NC = = - NC = =
MW-1039 NC - . - NC = =
MW-1040 NC = . = . NC = =

> MW-1041 NC - = NC = =
MW-1045 NC = " NC - =
MW-1046 NC = - NC = -
MW-1047 NC = = NC = =
MW-1048 NC : - - NC = =

MW-1049 NC - - NC

“ Nitroaromatic compounds were not detected in wells located south of the slough.
1

EPC = upper confidence limit or the maximum value reported for each well from the. data collected since 1995,

«

NC = not calculated because parameter not detected in this well.

-9

A hyphen (-) indicates that parameter was not detected.



TABLE 3.10 Estimated Carcinogenic Intakes of Nitroaromatic Compound COPCs for the Hypothetical
Future Resident®

24,6-TNT ° 2,4-DNT 2,6-DNT
Intake (my/kg-d) . Iutake (mg/kg-d) . s Intake (mg/kg-d)
EPC? EPCh _ Epc?
Well 11> (ng/l.) Ingestion~ Dermal (ng/L) Ingestion “Dermal (ng/l.) Ingestion Dermal
7
North of Slough .
MW-1002 34 4.0 x 10 6.4 %107 0.13 1.6 x 106 2.5%x 107 12 14 x 10 2.2 %107
MW-1004 9.9 1.2 x 10 1.9 % 107 0.71 S 83x10° 1.3x 0% 0.94 1.1 x 107% 18x10%
MW-1005 NC* =d - NC - < NC = =
MW-1006 12 I4x 107 22x 107 0.45 5.3x10° 8.5 x 10 23 2.7x 107 4.4 x 0%
MW-1007 0.078 9.2 x 1077 1.5 % 107 NC = s T 0024 28 x 107 45x 10710
MW-1008 0.19 23x10° 3.6x 107 NC = = 0.043 5.0x 107 8.1 x 107"
MW-1009 NC = - NC = . = NC = =
MW-1013 - NC = - 0.037 43x107 6.9x 10710 0.013 1.5x 107 25x 10710
MW-1014 NC = = NC - . e NC = =
MW-1015 2.9 34x10° 54x107 0.029 3.4x107 55x% 1070 0.21 2.5 % 107 3.9 x 107
. MW-1016 0.30 36 x 10° 57 %107 NC = = 0.047 55x%107 8.9 x 107
MW-1026 NC - - Ne - e NC = = &
s ——V IV VETT( 5 R 3=10° 2.1x108 - - 43 sox107f 8.0x 10 2.2 2.6 x 1073 4.1x10%
) MW-1028 NC = = NC = - NC - -
MW-1029 - NC — = NC = - 0.011 13x 107 2,0 %1070
MW-1030 ° 0.022 26x107 41 x 107 0.026 30x107 49 x 10710 0.032 37x 107 6.0x 10"
MW-1031 NC = = NC - : = NC = " -
MW-1032 0.43 50 %10 8.1 x 107 0.27 3.2x% 100 5.1x10? 0.069 8.1 x 107 1.3 x10”
MW-1035 NC = = NC < = NC = z
MW-1036 NC = = ~NC = ~ NC - =
MW-1037 NC - = 0.018 2.1 x 107 33x 101! NC = =
MW-1038 NC = < NC - - NC = =
MW-1039 NC - = NC - = NC = =
MW-1040 NC - % - NC = = " NC - =
MW-1041 NC ~ - - NC = = ' NC = =
MW-1045 NC = - NC = - NC = -
MW-1045 NC = = NC = = NC - =
MW-1047 NC ) = = NC = - - NC - -
MW-1048 NC - = NC - = NC = =
MW- 1049 NC = = NC = = NC = -

Nitroaromatic compounds were not detected south of the slough.
EPC = upper confidence limit or the maximum value reported for each well from the data coliected since 1995.

e ‘NC = not calculated because parameter not detected in this well. I

sl
(=3

'
It
i

A hyphen-(=).indicates that parameter was not-detected. - i B
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TABLE 3.11 Species-Specific Exposure Factors for Ecological Receptors Using the QROU

4

Species-Specific Exposure Factor”

Parameter Mallard Duck Great Blue Heron Bald Eagle White-Tailed Deer®
Mean body weight (kg) l.‘l'O 2.23 4.50 90.0
Life expectancy® (yr) 1§ ' 15 20 20
Home range (ha) 289 8,100 3,494 160.0
Food ingestion rate? (kg/d) 0.0619 0.401 0.540 0.86
Diet fraction 64% invertebrates 85% fish 50% waterfowl  100% vegetation

Water ingestion rate (g/g-d)

34% vegetation

" 2% sediment ‘

0.055

- 10% amphibians
5% sediment

0.045

27% fish
23% carrion

0.036 0.06

* All values from EPA Wildlife Exposure Fac!ors Handbook (EPA 1993), unless otherwise noted.

B Exposure factors from Schwartz and Schwartz (1981).

¢ From Terres (1980).

4 Derived using allometric equatiohs in EPA (1993).

i
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TABLE 3.12 Estimated Contaminant Doses for the Mallard
Duck Foraging at Femme Osaée Slough
Applied Daily Dose® (mg/kg-d)
Water §cdimem Food
Contaminant Ingestion Ingestion Ingestion Total
- Metals ) :

Aluminum 0.0012 0.0668 3.2760 3.3460
Arsenic < 0.0001 0.0001 0.0040  0.0041
Barium 0.0001 0.0012 0.0580 »0.0593

" Calcium 0.0107 0.1138 5.5750 5.6990 .
Cadmium - < 0.0001 < 0.0001 0.0007 0.0008 }
Chloride 0.0037 0.0001 0.0065  0.0103 ‘ , or
Chromium < 0.0001 0.0002 0.0083  0.0085. ' s
Copper < < 0.0001 0.0001 0.0049 0.0050 :
Iron 0.0013 00942 46158 47113 T o
Lead <0.0001 . | 0.0002 0.0079 0.0081 o : s
Magnesium 0.0024 0.0179 0.8770 0.8973
Manganese 0.0002 0.0036 0.1787 0.1825
Mercury <0.0001  <0.0001 ° 0.0002 . 0.0003
Molybdenum ND? < 0.0001 0.0007 0.0007 .
Nickel - .~ <0.0001  <0.0001 0.0045 0.0045 ' .
Potassium 0.0010 0.0115 05658  0.5783 S
Selenium : < 0.0001 < 0.0001 0.0045 0.0045
Sodium 0.0023 . 10.0008 0.0405 0.0436
Thallium <0.0001  <0.0001  0.0004 0.0004
Uranium, total 0.0010 <§ 0.0001 0.0029 0.0039
Vanadium © < 0.0001 0.0001 0.0072 0.0073
Zinc < 0.0001 0.0006 0.0298 0.0304

Inorganic anion .
Nitrate 0.0016 ND ND’ 0.0016

Nitroaromatic compounds :
1,3,5-TNB ND . <0000l <0000l  <0.0001
2,4,6-TNT ND < P.OOOI < 0.0001 <0.0001 i
2,4-DNT ND < 0.0001 < 0.0001 < 0.0001 ol
2,6-DNT- ~ ND < P.OOOI < 0.0001 < 0.0001 q
1,3-DNB ND < (l).OOOI <0.0001 < 0.0001
Nitrobenzene ND < 0.0001 <0.0001 . <0.0001

% ND = not detected.
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TABLE 3.13 Estimated Contaminant Doses for the Great Blue -
Heron Foraging at Femme Osage Slotigh

Applied Daily Dose® (mg/kg-d)

' 53‘ - Water Sediment Food
3 Contaminant Ingestion Ingestion  Ingestion Total
i Metals
P * Aluminum " 0.0003 0.1780 3.3824 3.5607
r ' Arsenic < 0.0001 0.0002 0.0037 0.0039
Barium < 0.0001 0.0031 0.0594 0.0625
y Calcium 0.0029  0.3030 57570 - 6.0629
Cadmium . <0.0001 < 0.0001 0.0007 0.0007
rm Chloride 0.0010 0.0004 ©  0.0067 0.0081
g Chromium < 0.0001 0.0004 0.0085 . 0.0089
- , Copper < 0.0001 0.0003 0.0050 10.0053
B , Tron 0.0003 0.2508 4.7661 5.0172
g ' Lead < 0.0001 0.0004 0.0082 0.0086
Magnesium 0.0007 0.0476 0.9054 - 0.9537
Manganese < 0.0001 0.0097 0.1845  0.1942
Mercury ' <0.0001 <0.0001 - 0.0002 0.0002
~ Molybdenum ND? <0.0001 0.0007 0.0007
Nickel < 0.0001 0.0002 0.0047 0.0049
Potassium 0.0003 0.0307 0.5842 0.6152
Selenium <'0.0001 0.0002 0.0046 0.0048:
Sodium 0.0007 0.0022 0.0419 0.0448
Thallium < 0.0001 < 0.0001 0.0004 0.0004
Uranium, total . 0.0003 0.0002 0.0031 0.0036
Vanadium < 0.0001 0.0004 0.0075 0.0079
Zinc ' < 0.0001 0.0016 0.0307 0.0323
2 Inorganic anion . .
: Nitrate ‘ 0.0004 ND ND 0.0004

Nitroaromatic compoundsb '

1,3,5-TNB ND <0.0001 <0.0001 ' <0.0001

246-INT =~ ND <0.0001 <0000l  <0.0001

3 2,6-DNT ' ND <0.0001 <0000l < Q.ooo'l
. 2,4-DNT ND ©<0.0001  <0.0001  <0.0001
* 1,3-DNB - ND <0.0001 <0.0001 <0.000l.

Nitrobenzene ND < 0.0001 < 0.0001 < 0.0001

A ' "% ND =notdetected. -
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TABLE 3.14 Estimated Cont‘aminant Doses for the Baid
Eagle Foraging at Femme Oszllge Slough

Applied Daily Dose® (mg/kg-d)

Water Food
Contaminant Ingestion Ingestion Total
Metals
Aluminum (?.0008 1.9249 1.9302
Arsenic < 9.0001 0.0021 0.0021
Barium < q.OOOI 0.0338 0.0338
CalCium 01'0070 3.2767 3.2837
Cadmium < 0|.0001 0.0004 0.0004
Chloride 0.0024 0.0038 0.0062
Chromium < 0.0001 0.0049 0.0049
Copper < 0,0001 0.0029 0.0029
Iron 0.0008 27123 27131
Lead <0l0001 00047  0.0047 -
Maghesium 0l0016 0.5152 0.5168
Menganese olooot 0.1050 - 0.1051 -
Mercury <0,0001 0.0001 0.0001
Molybdenum N'Pa 0.0004  0.0004
Nickel < 0.9001 0.0027 - 0.0027
Potassium 0.9007 0.3325 0.3332
Selenium < 0.9001 0.0026 0.0026
Sodium 0.9018 0.0238 0.0256 .
Thallium < 0.9)001 0.0002 0.0002
Uranium, total O.(;)OO6 0.0017 0.0023
Vanadium < O.(?OOl 0.0042 0.0042
Zinc < 0.0001 0.0175 0.0175
Inorganic anion
Nitrate 0.0011 ND 0.0011
Nitroaromatic compounds _ :
1,3.5-TNB ND < 0.0001 < 0.0001
2,4.6-TNT NI? " < 0.0001 < 0.0001
2,6-DNT NI;) < 0.0001 < 0.0001
2,4-DNT NI;) < 0.0001 < 0.0001
1,3-DNB ND‘ < 0.0001 < 0.0001
" Nitrobenzene ND "< 0.0001 < 0.0001

2 ND = not detected.
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TABLE 3.15 Estimated Contaminant Doses for the White-Tailed
Deer Drinking from Femme Osage Slough and Little Femme
Osage Creek

Applied Daily Dose® (mg/kg-d)

E Femme Osage Little Femme
Contaminant Slough Osage Creek Total
4 Metals )
= Aluminum 0.0220 0.0008 0.0228
: Antimony ND* . 0.0001 - 0.0001
K Arsenic <0.0001 <0.0001 < 0.0001
, Barium 0.001 0.0008 0.0018
Calcium : 0.2048 0.562 0.7668
Cadmium < 0.0001. < 0.0001 < 0.0001
v : Chloride 0.070 0.035 0.105
3 Chromium < 0.0001 0.0002 0.0002
g ' Copper < 0.0001 ' ND <0.0001 -~
Iron 0.0250 , 0.0098 0.0348
Lead ' < 0.0001 " <0.0001 < 0.0001
Magnesium 0.0470 0.055 0.102
Manganese 0.0040 0.0014 0.0054
Mercury . <0.0001 <0.0001 < 0.0001
Nickel - <0.0001 <0.0001 < 0.0001
_ ~ Potassium 0.019 0.012 0031
e Selenium < 0.0001 < 0.0001 < 0.0001
E ' Sodium ‘ 0.0520 « . 0.0350 0.0870
Thallium <0.0001 <0.0001 < 0.0001
Uranium, total 0.0200 < 0.0001 0.0200
Vanadium <0.0001 © < 0.0001 <0.0001
Zinc 0.0003 0.0002 0.0005
.3, :
* ' Inorganic anion .
- Nitrate 00310 0.0281 0.0591

Sulfate ' . 0.9216 0.1957 1.1173

. Nitroaromatic compounds : :
1,35-TNB . ND < 0.0001 <0.0001

i |
‘ é 2,4,6-TNT : ND < 0.0001 < 0.0001

2,6-DNT ND < 0.0001 < 0.0001

3 ND = not detected.
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TABLE 3.16 Estimated Radiological [Daily Dose Rates to Wildlife Receptors
Ingesting Surface Water and Sediment from the Femme Osage Slough ,

Daily Dose (rad/d)

Slough ] .
Site Use Surface Water Sediment
Receptor Factor® Ingézstion Ingestion Total
* Mallard 0.003 1.8 L 10 8.8 x 106 1.9%10*
Great blue heron 0.001 - 5.0%107 C 24x10° . 74x107.
Bald eagle 0.003 16k 107 NEP 1.6 x 107
White-tailed deer ~ 0.05 45x% 107 NE 4.5x 107

3 The site use factor is the ratio of the area of the Femme Osage Slough (2.3 ha) to the
total area of all surface waters present within the home range of the receptor species.

~ The available surface water area was estimated by centering the home range of each .
receptor on the slough and identifying all{surface waters present within a radius of the
slough that encompasses the area of the home range. 3

® NE = A dose was not estimated because no sediment ingestion route was identified
“for the receptor.
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4 TOXICITY ASSESSMENT

The toxicity of the radioactive and chemical COPCs identified for the QROU is discussed
in Sections 4.1 and 4.2, respectively. Methods for evaluating toxicity are discussed in Section 4.3.

4.1 RADIATION TOXICITY

4.1.1 Human Health

Only at relatively high doses or at high dose rates over large populations have radiation
health effects been confirmed in humans. Health effects are presumed to occur at low doses as well,
but can only be estimated statistically. Potential radiological health risks are expressed as the
increased incidence of cancer in the exposed population. Radiation exposure pathways can be
separated into either external or internal exposure. External exposure occurs when the radioactive
material is outside the body. Internal exposure occurs when the radioactive material enters the body
by inhalation or ingestion.

Alpha, beta, and gamma radiation are released during the radioactive decay of radionuclides
in the uranium-238, thorium-232, and uranium-235 decay series. Each type of radiation differs in
its physical properties and.its ability to induce damage in biological tissue. Within the body, alpha
particles are the most effective of the three types of radiation in damaging cells because their energy
is completely absorbed by tissue. Beta particles are primarily an internal hazard; however, in cases
of external skin exposure, very energetic beta particles can penetrate to living skin cells, thus
representing an external hazard as well. Gamma radiation is primarily an external hazard because
it can penetrate tissue and reach internal organs. Alpha and beta particles are the principal concern
for internal exposures because their energy is absorbed in cells before the particles leave the body;
gamma rays are most likely to leave the body without depositing a large fraction of their energy.

4.1.2 Ecological Health

Identifying the effects of radionuclides on organisms in the natural environment is
complicated because (1) various sources of ionizing radiation are possible; (2) exposure can be

* internal, external, or both; (3) each radionuclide has unique physical and chemical properties;

(4) ecological receptors have different mobilities and varied habitats; and (5) current concentrations,
of radionuclides in most areas are too low to detect effects on biota populations and communities,
even in such areas as weapons testing sites (Whicker and Schultz 1982a-b). Possible effects to
ecological receptors from acute or chronic radiological exposure include mortality, physiological and
pathological changes, and developmental and reproductive effects (National Council on Radiation
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Protection and Measurements [NCRP] 1991; International Atomic Energy Agency [IAEA] 1992;
Rose 1992).

For acute exposure to ionizing radlatlon aquatic invertebrates tend to be more resistant than
aquatic vertebrates. The most sensitive periods i in the life cycles of aquatic organisms are the early
developmental stages, with radiation sensitivity generally decreasing with increasing development
(NCRP 1991). The reproductive and early devlelopmental stages of aquatic organisms are most
sensitive to chronic irradiation, and deleterious effects of chronic irradiation have not been observed
in natural populations at dose rates of 1 rad/d or Iess (NCRP 1991). '

Similar sensitivity and effects have been identiﬁed for terrestrial wildlife (IAEA 1992).
Terrestrial invertebrates are much less sensitive to ionizing radiation than are terrestrial vertebrates,
requiring about 100 times the dose needed for vertebrates to induce mortality. Among terrestrial
species, lethal acute doses and sensitivity to chronlic radiation vary widely among different taxa, with -
birds, mammals, and a few tree species being among the most sensitive biota. Achte doses of less
than 10 rad are considered unlikely to produce persistent, measurable deleterious changes in
populations or communities of terrestrial plants or animals (JAEA 1992). Chronic dose rates of less
than 0.1 rad/d for animal populations and less thar)l 1 rad/d for plant populations do not appear likely -
to cause observable changes in terrestrial species‘. As for aquatic biota, the reproductive and early

developmental stages of terrestrial biota are most sensitive to irradiation.
4.2 CHEMICAL TOXICITY

4.2.1 Human Health

The chemical COPCs in the QROU include metals, nitroaromatic compounds, and PCBs.
Antlmony is typlcally present in soil as sulfide and oxide compounds. Industrially, antimony is used
in many alloys It has been administered orally to humans and animals as both an emetic and an
antiparasitic agent. Toxic effects that have been [observed in humans are associated mamly with
occupational exposures. ' ¢

Arsenic compounds are widely used as pesticides. Although inorganic arsenic has been used
as a poison for centuries, it is an essential nutrient for several animal species-and is believed to be

essential for humans. Typical human exposures to }arse,mc from background sources range from 20

to 70 pg/d, with food being the major source. Non!carcinogenic toxic effects of arsenic ingestion at

levels greater than about 20 pg/kg-d include skin cliisorders, severe irritation of the gastrointestinal
tract, anemia, nerve degeneration, and toxicity to the liver, kidney, and heart. , ‘

In soil, beryllium is generally present in insoluble, immobile forms. Beryllium compounds

are poorly absorbed from the digestive tract anld through the skin. Occupational exposure to

beryllium oxide at levels greater than 2 pg/m3 can result in scarring of the lungs, shortness of breath,
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and reduction in lung volume. Data on developmental and reproductive toxicity are limited;
however, in one study of pregnant rats administered beryllium chloride, increases in fetal mortality
and internal abnormalities in the offspring were reported.

Chromium is present in the environment as chromium, trivalent chromium (III), and
hexavalent chromium (VD. Chromium III occurs naturally in the environment and is an essential
nutrient, whereas chromium and chromium VI generally result from industrial processes. The
principal toxicological hazard of environmental chromium is associated with exposure to
chromium VI. Effects observed following exposure to high levels of chromium VI include irritation
of the nasal mucosa, perforation i}f the nasal septum, skin ulcers, and irritation of the gastrointestinal
tract.

Lead can result in varied toxicologic effects, depending on the level of exposure. In the
absence of an oral RfD for lead, the EPA has developed an uptake/biokinetic model to estimate
blood levels of lead on the basis of total lead uptake from exposures via diet, drinking water, air, soil,
and paint. The application of this model to potential exposures at the quarry area (i.e., slough surface
water) is discussed briefly in Section 5.3.3. At blood levels greater than 40 pg/dL, lead can cause
miscarriage, sterility in males, anemia, and damage to the central nervous system and kidneys. The
fetus and young children are particularly sensitive to lead toxicity. Some experts believe there is no
adverse effects threshold for lead in children. Even low-level lead exposure (e.g., as low as 10 pug/dL)
during early childhood can cause impaired intellectual and neurobehavioral development.

Manganese is an essential dietary nutrient for humans and is present in many foods. Studies

of humans and experimental animals suggest that oral exposure to elevated levels of manganese can
result in decreased fertility and in effects on the cardiovascular and central nervous systems.

Inorganic and organic forms of mercury have been found to be toxic to humans and experi-
mental animals. In general, the organic forms are more toxic than the inorganic forms. Human
studies indicate that the kidney and central nervous system are the main sites affected by mercury;
however, the degree to which these systems are affected depends on the chemical form of mercury
and the route of exposure. |

Selenium and most of its compounds are not considered to be carcinogenic; in fact, several
studies suggest that normal amounts of dietary selenium may protect against cancer. However,
selenium sulfide has been shown to be carcinogenic in animals via ingestion.

Experimental studies suggest that thallium induces toxic effects in the reproductive system.
Chronic thallium intoxication in humans during pregnancy has also been reported to cause malfor-
mations and central nervous system defects in offspring.

Although natural uranium is radioactive, the primary health effect associated with exposure
is kidney damage caused by chemical toxicity. About 5% of the soluble salts of uranium are
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absorbed via ingestion. Kidney toxicity, which is the main health effect of concern for exposure to
soluble uranium, may be reversible, depending on the level of exposure.

- The oral toxicity of vanadium increases with increasing valency; pentavalent vanadium is
the most toxic. Excess ingestion of vanadium has caused gastrointestinal disturbances, nervous
system effects, and abnormalities in renal enzyme systems. Vanadium is absorbed more efﬁcxently

|
by inhalation than ingestion. Estimates of oral absorption of vanadium range from 0.1 to 2%.

In general, zinc deficiencies are of greater health significance than overexposure to zinc.

In humans, absorption of zinc from the gastrointestinal tract is controlled by homeostatlc
mechanisms; approximately 20 to 50% of ingested zinc is absorbed. ;
_ Health hazards associated with nitroaromatic compounds include methemoglobinemia and
toxic effects to the liver, kidneys, and nervous system. Studies in humans indicate that nitroaromatic
compounds are absorbed foilowing inhalation and|ingestion, and that these compounds are capable
of penetrating the skin. ' ‘

4.2.2 Ecological Health

The COECs include metals and nitroaromatic compounds. Metals have been reported 0
cause a variety of lethal and sublethal effects in aﬂua'tic and terrestrial biota. The toxicity of these
contaminants depends on physical and chemical factors in the environment, such as pH and the
presence of complexing agents, as well as on the specific taxon being exposed. In vegetation,
reported adverse effects of metal exposure include reduced chlorophyll concentrations, rediiced
growth and biomass production, and reduced seed production and germination. In aquatic biota,
metal exposure-has been shown to affect reproduction, ion exchange across gill surfaces, behavior}
and survival of all life stages. In terrestrial biota, metal exposure may result in developmental
abnormalities; renal and central nervous system damage; altered blood chemistry; altered metabolic

processes; and behavioral changes affecting foragin[g, susceptibility to predators, and reproduction.

Relatively little information is available regarding the effects of nitroaromatic compounds
on natural populations of plants, fish, and wildlife. Laboratory studies have shown exposure to

nitroaromatic compounds to elicit a variety of resp?nses in aquatic and terrestrial biota. Effects of

exposure on fish and aquatic invertebrates include increased adult mortality, reduced egg production;

and survival, decreased survival of early life stages, r’educed body weights and lengths, and increased-

- physical deformities. Adverse effects on aquatic plants may include depressed growth and cellular:

‘deformities. Effects of nitroaromatic compounds OI‘l terrestrial wildlife may include reduced body:

weights, changes in blood chemistry and cellular cor‘nposition, changes in metabolic pathways and
processes, renal and liver malfunction, and organ necroses and lesions. Reported effects to terrestrial i

vegetation include reduced leaf and root growth, reduced plant height, and leaf and root necroses.
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4.3 METHODS FOR EVALUATING RADIATION AND CHEMICAL TOXICITY

4

4.3.1 Radiation Toxicity

! - The assessment of radiological human health risks in this BRA was limited to cancer
4 induction. This approach is consistent with EPA guidance, which notes that cancer risk is generally
» the limiting effect for radionuclides and suggests that radiation carcinogenesis be used as the sole
-% basis for assessing radiation-related human health risks (EPA 1989a). The EPA has developed

guidance for radiological risk assessment that is consistent with the guidance for assessing chemical
carcinogenic risks (EPA 1989a). Carcinogenic risks are calculated for the radionuclides of concern
in a manner similar to existing methods for chemical carcinogens by using an age-averaged lifetime
excess cancer incidence per unit intake (and per unit external exposure). The EPA has developed
cancer incidence factors per unit intake that are synonymous with the slope factors developed for
chemical carcinogens. The siope factors utilized in this assessment are presented in Table 4.1.

TABLE 4.1 Radionuclide Slope Factors for the Ingestion, Inhalation,
and External Gamma Irradiation Pathways at the QROU

: External
Ingestion Inhalation Gamma Irradiation
_ Radionuclide® (risk/pCi) (risk/pCi) (risk/yr per pCi/g soil)
jgi Lead-210+D 1.01 x 10° 3.86 x 107 - 1.45x 10710
Radium-226+D 296x 100 2.75x 107 6.74 x 10
Radium-228+D 248x 10 9.94x101° 328 x 10°°
Thorium-228+D 231x 101 968x 10?8 6.20 % 10
Thorium-230 375% 107! 1.72x 108 4.40x 10"
— Thorium-232 328x 101 193x10° 1.97 x 10711
Uranium-234 4.44 x 107! 1.40 x 10°8 2.14 x 107!
Uranium-235+D 470 % 107! 1.30x 10°% 2.65 x 107
Uranium-238+D 6.20 x 107! 1.24 x 10°8 6.57 x 108

2 Radionuclides marked with a “+D” indicate that the risks from associated
short-lived.radioactive decay products (i.e.; thos_e with half-lives less than or
equal to 6 months) are also included. )

Source: EPA (1993a).




4.3.2 Chemical Toxicity

. Toxicity values have been derived by the EPA for most of the chemical contaminants, of

human health concern. A toxicity value known as the reference dose (RfD) is used to evaluate the.

noncarcinogenic effects of chemicals. The chromct RfD is defined as “an estimate of a daily exposure
level for the human population, including sensmve subpopulauons that is likely to be without'an
apprec1able risk of deleterious effects during a rhfetlme” (EPA 1989a). To derive an RfD-value
(expressed in mg/kg-d), EPA reviews all toxicity studies available for a given substance and a given
route of exposure, determines a no-observed-adverse-effect level (NOAEL) or a lowest-observed-
adverse-effect level (LOAEL) from the study most relevant to humans (the critical study), and
applies uncertainty factors to these values. The RfD can be compared with estimated exposure levels
to evaluate the potential for deleterious effects. Currently available RfD values are specific to either
the inhalation or ingestion route of exposure because the toxic mechanism and dose required for
toxicity to occur can differ for those routes of exposure. Inhalation exposures are assessed with
derived reference concentrations (RiCs), which are reported in milligrams per cubic meter (mg/m’ 3.

An RfC can be converted to the correspondmg RﬂD (in mg/kg-d) by dividing by 70 kg (an assumed

‘body weight) and multlplymg by 20 m 3d (an assumed inhalation rate).

Carcinogenic risks from exposure to known and potential carcinogens were evaluated
separately from noncarcinogenic risks in this BRA because, hypothetically, any exposure to .a
carcinogen increases the risk of cancer by a finite amount. Therefore, the risk from exposure to.;a
carcinogen at a given level can be derived, but an exposure level at which no carcinogenic effect is
likely to occur (as for noncarcinogenic endpoints) cannot be defined. The EPA has defined two
toxicity values for evaluating the potential carcinogenic effects of a given substance: the weight-of-
evidence, classification and the slope factor. For substances that have weight-of-evidence
classifications of A (human carcinogen), B1 or B2 (probable human carcinogens), and sometimes C
(possible human carcinogens), the EPA has calculated slope factors on the basis of data from dose-
response studies. The slope factor is defined as a “plausible upper-bound estimate of the probability
of a response (i.e., cancer) per unit intake of a chemical over a lifetime” (EPA 1989a). Generally,
slope factors are derived by extrapolation from experimental high dose ranges to low doses, and they
are not valid for the evaluation of high dose levels. Also, carcinogenic risks that have been calculated
from slope factors are applicable to exposures that occur over a lifetime. When exposure durations
are less than a lifetime, they must be converted to equivalent lifetime values. The RfD values and
slope factors of COPCs are summarized in Tables 4.2 and 4.3, respecuvely

RS
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