‘l‘ ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS
ROCKY FLATS PLANT

Feasibility Study Report
for High Priority Sites

(881 Hillside Area)

Volume | . Appendices

U.S. DEPARTMENT OF ENERGY

Rocky Flats Plant

Golden, Colorado
“REVIEWED FOR CLASSIFICA%

R.B. ‘ :
By e
Date :

lgé g b/{o ?ON@
RE E /&roa OUSSIFGH

P

1 MARCH 1988

G /8’/90 __}




APPENDIX 1

RISK ASSESSMENT

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 1



-

—

IRES CONTROL

TGOl TR NO Rocky Fiats Plant
Aerospace Operations
— Rockwell International Corporation
7
gRFQ 2> P.O. Box 464 Rockwell

Golden, Colorado 80402-0464 INnternational
1303) 966-7000 .

ENCL |

LR |

DIsT. Contractor to U.S. Department of Energy

S

Fee® - March 2, 1988 88-RF-0623

o

TT.JF. }

N Albert E. Whiteman

!;2 Area Manager

SRSw. DOE, RFAO

IN.G.L.

AK. B.D. FEASIBILITY STUDY REPORT FOR

GER HIGH PRIORITY SITES (881 HILLSIDE AREA)
Enclosed are two (2) copies of the Feasibility Study Report for the
High Priority Sites (881 Hillside Area) and a preliminary schedule
for implementation of the recommended remedial action. This report

RER D, and Ere]iminary schedule were submitted to CDH and EPA by

a8 March 1, 1988 in accordance with Task 3.10 of the Feasibility Study

o Report including Risk Assessment as reguired_by the Compliance

. Agreement The report will be finalized pending CDH, EPA and public

MANRE. review and comment as part of the RI/FS process.

B E If you have any questions concerning the report, please call

N 2% T. C. Greengard at extension 7121.

JKER. J.H. !

SOUEZ RN, %4;4 ¢

SET 97125
K. B. McKinley
RCRA/CERCLA Program

Enc. 2

XA

Orig & 2 cc - A. E. Whiteman

i 2. [ il Ay
SRR R B
y - g JR)‘ 3M~
\[ b
]
‘f—
XK x X RPEK]

PUEPVUSES

FICATION
SSIFIED N
JENTIAL 7
T

},féLAsslfisn SIG.

8 ,{f'f(,l/, = &)
{ay [ I
= /
SIPLY TOLTR-NG ™

;qo' “Rf_V]NED FOR CLASS“:‘CAM
B | B BB Hotfmen

e
mw_;iLj;jL””ﬂﬂm



SECTION 6

REFERENCES

Anderson, E., Browne, N., Puletsky, S., and T. Warn, Develop-
ment of Statistical Distribution of Ranges of Standard Factors
Used in Exposure Assessments (Draft Report). Prepared for the
U.S. EPA Office of Health and Environmental Assessment,
Contract No. 68-02-3510, Washington, D.C., 1985.

Andrews-Jones, D.A., The application of geochemical techniques

to mineral exploration. Mineral Industries Bulletin 116:31.,
1968.

Baes, C.F., et. al. A Review and Analysis of Parameters for
Assessing Transport of Environmentally Released Radionuclides
through Agriculture. Prepared by Oak Ridge National Laboratory

for the U.S. Department of Energy. ORNL-5786; DE85-000287,
1984.

Cothern, R.C., et al. Estimating risk to human health.
Environ. Sci. Technol. 20:111., 1986.

EPA (U.S. Environmental Protection Agency), Water-Related Fate
of 129 Priority Pollutants, Vol. 2. PB80-204381, 1979.

Compilation of Ambient Particulate Matter
Size and Composition Data. Prepared by PEDCO Environmental,
Inc., for the Monitoring and Data Analysis Division, U.S. EPA,

Research Triangle Park, North Carolina. PN3525-10. January,
1982.

2539B



"National Primary Drinking Water Regula-
tions; Volatile Synthetic Organic Chemicals." Federal Register
49(114):24330. June 12, 1984. )

——————————————————— Revised Health and Environmental Effects
Data for Appendix VIII Constituents. Memo from Mark A. Salee,
Land Disposal Branch, Office of Solid Waste. October 24, 1984,

Superfund Public Health Evaluation Manual
Office of Emergency and Remedial Response. Washington, D.C.
OSWER Directive 9285.4-1, 1986a.

Methodology for the Assessment of Health
Risks Associated with Multiple Pathway Exposure to Municipal
Waste Combustor Emissions. The Office of Air Quality Planning
and Standards and the Environmental Criteria and Assessment
Office, 1986Db.

, 40 CFR 741, "Water Pollution Control;
National Primary Drinking Water Regulations. Radionuclides:
Advance Notice of Proposed Rulemaking." Federal Register 51
(189): 34836. September 30, 1986cC.

"Guidelines for Carcinogen Risk Assessment."
Federal Register 51(185):33992. September 4, 19864.

Health Advisories for Legionella and Seven
Inorganics. Office of Drinking Water. PB87-235586, 1987a.

Toxicological Profile for Nickel. Draft.
Prepared by Syracuse Research Corporation for Agency for Toxic
Substances and Disease Registry and U.S. EPA, 1987b.

6-2
2539B



Health Adviscories for 25 Organics. Office of Drinking Water.
PB87-235578, 1987c.

-

EPRI (Electrical Power Research Institute). "Measuring and
managing environmental risk." 10:6, 1985.

Feldman, R., and H. Maibach, "Adsorption of Some Organic Com-

pounds Through the Skin in Man." J. Invest. Dermatol., 54:399,
1970. '

Gilbert, R.O., Statistical Methods for Environmental Pollution
Monitoring. New York: Van Nostrand Reinhold Company, 1987. pp.
26—-43.

HEW (U.S. Department of Health, Education, and Welfare).
Radiological Health  Handbook. Public Health  Service.
Rockville, Maryland, 1970.

ICRP (International Commission on Radiological Protection).
"Radiation Protection: Recommendations of the International
Commission on Radiological Protection," ICRP Publication 26,
Oxford: Pergamon Press, 1977.

"Radiation Protection: Recommendations of
the International Commission on Radiological Protection," ICRP
Publication 30, Oxford: Pergamon Press, 1979.

La Goy, P.K., "Estimated soil ingestion rates for use in risk
assessment." Risk Analysis 7:355, 1987.

National Council on Radiation Protection and Measurement
(NCRP). Radiological Assessment: Predicting The Transport,
Biocoaccumulation, and Uptake by Man of Radionuclides Released to
the Environment. Bethesda, Maryland: NCRP, 1984.

6-3
2539B



National Research Council (NRC), Drinking Water and Health,
Volume 6. Washington, D.C.: National Academy Press, 1986.

-

Ogata, A., Theory of Dispersion in a Granular Medium, Fluid
Movement in Earth Materials, U.s. Geological Survey
Professional Paper 411-I, 1970.

Paschke, §., Personal Communication. Roy F. Weston, Inc.,
Lakewood Colorado, 1987.

Poiger, H., and C. Schlatter, "Influence of Solvents and
Absorbents on Dermal and Intestinal Absorption of TCDD." F4.
Cosmet. Toxicol, 18:447, 1980.

Rockwell International, Resource Conservation and Recovery Act
Part B - Post-Closure Care Permit Application for U.S. DOE
Rocky Flats Plant Hazardous and Radioactive Mixed Wastes; U.S.
Department of Energy, unnumbered report, 1986.

Remedial 1Investigation Report for High
Priority Sites (881 Hillside Area). U.S. Department of Energy,

Rocky Flats Plant, Golden Colorado, 1987a.

Schaum, J., Risk BAnalysis of TCDD-Contaminated Soil. U.S.
Environmental Protection Agency, EPA 600/5-84-031, 1984.

USNRC (U.S. Nuclear Regulatory Commission). “Calculation of
Annual Doses to Man From Routine Releases of Reactor Effluents
for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," Requlatory Guide 1.109, 197s6.

Wrenn, M.E., J. Lipzstein, P.W. Durbin, E. Still, D.L. Willis,
B. Howard, and J. Rundo. "Uranium and Radium Metabolism,"”
Health Physics 48:601, 1985

6-4
2539B



2538B

RISK ASSESSMENT
881 Hillside Area

Rocky Flats Plant



SECTION
1

2

IITLE

TABLE OF CONTENTS

INTRODUCTION

SELECTION OF INDICATOR CHEMICALS

2.1

22

2.3

Summarization of Data

Determination of Site-
Related Contaminants

2.2.1 Metals and Organics
2.2.2 Radionuclides

Scoring for Indicator
Chemicals

2-23

ENVIRONMENTAL RELEASE AND TRANSPORT 3-1

3.1

3.2

Contaminant Release Sources
and Migration Pathways

3.1.1 Groundwater Pathways
3.1.2 Surface Water Pathway
3.1.3 Air Pathway

Identification of Migration
Pathways of Concern
3.2.1 Groundwater Migration
3.2.2 Surface Water Migration
3.2.3  Air Migration
3.2.4 Final Selection of

Migration Routes of Concern

EXPOSURE EVALUATION

4.1

4.2

Identification of Exposed

Populations
4.1.1 Currently Exposed
Populations

4.1.2 Future Exposed Populations

Estimation of Exposure Point
Concentrations

4.2.1 Scenario A - On-Site

4.2.2 Scenario B - Plant Boundary

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

APPENDIX 1, PAGE-i



SECTION

52
53

TABLE OF CONTENTS
(CONTINUED)

4.3 Estimation of Contaminant Intakes
4.3.1 Drinking Water
4.3.2 Showering/Bathing
4.3.3 Vegetable Ingestion
4.3.4 Inhalation of Fugitive Dusts
4.3.5 Dermal Contact
4.3.6 Soil Ingestion
4.3.7 Summary of Estimated
Contaminated Intakes

RISK CHARACTERIZATION
5.1 Carcinogenic Risk
5.1.1 Organics
5.1.2 Radionuclides
Noncarcinogenic Risk
Results
5.3.1 . Potential Carcinogenic Risk
5.3.2 Potential Noncarcinogenic
Health Effects

5.4 Assumptions and Uncertainties

5.5 Comparison to Other Risks

REFERENCES

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

o
’2;
1

#A&-{kh&bc

R R LD m— e e 0O
OB E—O

4-28

5-34
5-34

5-38

APPENDIX 1, PAGE-ii



TABLE NO.
2-1

2-2
2-3
2-4

2-5

2-7
2-8
2-9

2-10

2-13
2-14

2-15

2-16

LIST OF TABLES

TITLE

Site-Related Sampling Locations

Concentrations of Metals in
Alluvial Wells (mg/L)

Concentrations of Metals in
Bedrock Wells (mg/L)

Concentrations of Metals in
Surface Waters

Concentrations of Metals in
Soil (mg/kg)

Concentrations of Organics in
Alluvial Wells (ug/L)

Concentrations of Organics Detected
in Bedrock Wells (ug/L)

Concentrations of Organics Detected
in Surface Water (ug/L)

Concentrations of Organics in Soil
(ug/kg)

Radionuclide Activities in Alluvial
Wells (pCi/L +/- Counting Error)

Radionuclide Activities in Bedrock
Wells (pCi/L +/- Counting Error)

Radionuclide Activities in Surface
Waters (pCi/L +/- Counting Error)

Radionuclide Activities in Soil
(pCi/g +/- Counting Error)

Metals Present above Background Levels
in Site-Related Samples

Organics Present in Site-Related Samples

Radionuclides Measured above Background
Levels in Site-Related Samples

Indicator Chemicals

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

2-13
2-14
2-15

2-16

2-19
2-21

2-22

2-25

APPENDIX 1, PAGE-iii



TABLE NO.

4-1

4-2

4-3

4-4

4-5

4-6

4-10

4-12

LIST OF TABLES
(CONTINUED)

TITLE

Exposure Point Concentrations Used
in the Estimation of Contaminant
Intakes - Scenario A

Exposure Point Concentrations Used
in the Estimation of Contaminant
Intakes - Scenario B

Daily Contaminant Intakes Through
Drinking Water Ingestion - Scenario
A (mg/kg/day)

Daily Contaminant Intakes Through
Drinking Water Ingestion - Scenario
B (mg/kg/day)

Daily Contaminant Intakes Through
Showering/Bathing - Scenario A
(mg/kg/day)

Daily Contaminant Intakes Through
Showering/Bathing - Scenario B
(mg/kg/day)

Daily Contaminant Intakes Through
Yegetable Consumption - Scenario A
Adult (mg/kg/day)

Daily Contaminant Intakes Through
Vegetable Consumption - Scenario A
Child (mg/kg/day)

Daily Contamiant Intakes Through
Vegetable Consumption - Scenario B
Adult (mg/kg/day)

Daily Contaminant Intakes Through
Vegetable Consumption - Scenario B
Child (mg/kg/day)

Daily Contaminant Intakes Through
Fugitive Dust Inhalation - Scenario A
(mg/kg/day)

Daily Contaminant Intakes Through
Dermal Absorption - Scenario A
(mg/kg/day)

881 HILLSIDE AREA FEASIBILITY STUDY REPORT

ROCKY FLATS PLANT, GOLDEN, COLORADO

MARCH 1, 1988

4-12

4-13

4-15

4-16

4-18

4-19

4-20

4-21

4-23

4-27

APPENDIX 1, PAGE-iv



TABLE NO.

4-15
4-16

4-17

4-20
4-21

5-1

LIST OF TABLES
(CONTINUED)

TITLE

Daily Contaminant Intakes Through
Soil Ingestion - Scenario A
(mg/kg/day)

Estimation of Contafninant Intakes
(mg/kg/day); Scenario A (On-Site)
Average Exposed Adult

Estimation of Contaminant Intakes
(mg/kg/day); Scenario A (On-Site)
Maximally Exposed Aduit

Estimation of Contaminant Intakes
(mg/kg/day); Scenario A (On-Site)
Average Exposed Child

Estimation of Contaminant Intakes
(mg/kg/day); Scenario A (On-Site)
Maximally Exposed Child

Estimation of Contaminant Intakes
(mg/kg/day); Scenario B (Off-Site)
Average Exposed Adult

Estimation of Contaminant Intakes
(mg/kg/day); Scenario B (Off-Site)
Maximally Exposed Adult

Estimation of Contaminant Intakes
(mg/kg/day); Scenario B (Off-Site)
Average Exposed Child

Estimation of Contaminant Intakes
(mg/kg/day); Scenario B (Off-Site)
Maximally Exposed Child

Health Effects Constants for
Determination of Carcinogenic Risk

Estimated Carcinogenic Risk - Scenario
A, Average Exposed Adult

Estimated Carcinogenic Risk - Scenario
A, Maximally Exposed Adult

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

4-29

4-30

4-31

4-32

4-33

4-34

4-35

4-36

4-37

5-2

3-5

3-6

APPENDIX 1, PAGE-v



TABLE NO.

5-4

3-5

5-6

5-7

5-8

5-12

5-13

5-14

5-18

LIST OF TABLES
(CONTINUED)

TIITLE

Estimated Carcinogenic Risk - Scenario
A, Average Exposed Child

Estimated Carcinogenic Risk - Scenario
A, Maximally Exposed Child

Estimated Lifetime Carcinogenic Risk -
Scenario B, Average Exposed Adult

Estimated Lifetime Carcinogenic Risk -
Scenario B, Maximally Exposed Adult

Estimated Lifetime Carcinogenic Risk -
Scenario B, Average Exposed Child

Estimated Lifetime Carcinogenic Risk -
Scenario B, Maximally Exposed Child

Estimated Lifetime Carcinogenic Risk -
Scenario A, Average Exposed Individual

Estimated Lifetime Carcinogenic Risk -
Scenario A, Maximally Exposed Individual

Estimated Lifetime Carcinogenic Risk -
Scenario B, Average Exposed Individual

Estimated Lifetime Carcinogenic Risk -
Scenario B, Maximally Exposed Individual

Annual Effective Dose Equivalent (mrem/yr)
Scenario A, Drinking Water Pathway

Annual Effective Dose Equivalent (mrem\yr)
Scenario A, Vegetable Ingestion Pathway

Lifetime Risk of Bone Sarcoma - Scenario A

Health Effects Criteria for Determination
of Noncarcinogenic Effects

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario A
Average Exposed Adult

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

57

5-8

5-12

5-13

5-14

5-16

5-18

5-20

5-20

5-24

5-26

APPENDIX 1, PAGE-vi



TABLE NO

5-19

5-20

5-21

5-22

5-23

5-24

5-25

5-26

5-27

LIST OF TABLES
(CONTINUED)

TITLE

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario A
Maximally Exposed Adult

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario A
Average Exposed Child

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario A
Maximally Exposed Child

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario B
Average Exposed Adult

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario B
Maximally Exposed Adult

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario B
Average Exposed Child

Ratios of Estimated Daily Intakes to
Acceptable Chronic Intakes - Scenario B
Maximally Exposed Child

Exposure Pathways in Which the Estimated

Daily Intake Exceeded the Acceptable
Chronic Intake - Scenario A

Exposure Pathway in Which the Estimated
Daily Intake Exceeded the Acceptable Chronic

Intake - Scenario B

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

5-27

5-28

5-29

5-30

5-31

5-32

5-33

5-35

5-36

APPENDIX 1, PAGE-vii



FIGURE NO.

3-1

5-1

LIST OF FIGURES

TITLE

Potential Contaminant Release
Mechanisms and Migration Pathways

Putting Risk in Perspective

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988

APPENDIX 1, PAGE-viii



SECTION 1

INTRODUCTION

The 881 Hillside, located on the southeast portion of the Rocky
Flats Plant (Figure ), is one of four contaminant source
areas currently being investigated at the Plant. The investiga-
tion is part of Phase 2 of a five-phased Comprehensive Environ-
mental Assessment and Response Program (CEARP) developed by the-
Albugquerque Operations Office of the U.S. Department Of Energy.
Based on the information gathered during Phase 1, 10 Solid
Waste Management Units (SWMUs) were 1identified at the 881
Hillside location as potential contaminant sources. The loca-
tion of these SWMUs (sites) are shown in Figqure /-7 . Detailed
information pertaining to the Plant location and history, the
CEARP, and the SWMUs are presented in the Introduction (Section
1) of the Feasibility Study.

The purpose of this report is to assess the potential human
health and environmental risks posed by the presence of con-
tamination resulting from previous on-site disposal activities
at the 881 Hillside location. This assessment is based primar-
ily on information collected for the remedial investigation
(Rockwell International, 1988), and it 1is directed towards
providing information to be used in the selection of remedial
alternatives for cleanup at the 881 Hillside location.

It is impractical to try to assess the total risk posed by
every contaminant through every potential exposure pathway.
Therefore, all contaminants and potential exposure routes were
evaluated to choose those that reflect the majority of the
potential risk associated with the 881 Hillside location. The
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risk assessment was conducted in five main steps, utilizing
guidelines contained in the Endangerment Assessment Handbook

(EPA,

1985) and the Superfund Public Health Evaluation Manual

(EPA, 1986a). These steps were as follows:

2538B

Selection of Indicator Chemicals (Section 2) - Over 50
different chemicals have been identified in water and
soil samples collected at the 881 Hillside location.
In order to reduce these chemicals to a manageable
number of substances which represent the contaminants
of greatest concern, all reported chemicals were
evaluated and a final list of indicator chemicals was
selected.

Envirconmental Release and Transport (Section 3) - The
chemical properties and on- and off-site distribution
of the 1indicator chemicals, along with the hydrogeo-
logical characteristics of the site, were examined to
determine possible mechanisms by which contaminants
might migrate from the site into the adjacent environ-
ment. Exposure scenarios were constructed at the site
and at the Plant boundary to provide the basis for
estimating risks to potentially exposed populations.

Exposure Evaluation (Section 4) - The major routes by
which individuals might be exposed to contaminants were
identified. The average daily intake of each contami-
nant by each exposure route, and through all routes
combined, were calculated.

1-2
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Toxicity Assessment (Supplement/é) - Toxicity profiles
were prepared for each of the indicator chemicals. The
profiles emphasized animal and human health effects,
indicating the dosage levels at which specific adverse
effects have been observed. The profiles also included
relevant and related human health criteria and con-
stants.

Risk Characterization (Section 5) - Health risks that
might potentially be posed by the indicator chemicals
were evaluated. Carcinogenic hazards were assessed by
calculating the 1lifetime cancer risk posed by the
contaminants. The noncarcinogenic risks were evaluated
by comparing estimated daily intakes of each contam—
inant to acceptable chronic intakes. Discussion is
provided to give perspective to the conclusions drawn
from this risk assessment.




SECTION 2

SELECTION OF INDICATOR CHEMICALS

For sites where a large number of chemicals have been identified
in sampled media, it is impractical to evaluate the potential
risks posed by each chemical. Therefore, all chemicals that
were identified at the 881 Hillside location were screened to
select indicator chemicals, using guidelines contained in the
Superfund Public Health Evaluation Manual (EPA, 1986a). Those
chemicals which pose the greatest potential hazards and/or are
representative of the risks posed by the chemicals at the site
were chosen as the indicator chemicals for evaluation in this
risk assessment.

The first part of the selection process was to determine which
of the substances identified in the sampled media are or may be
related to prior on-site disposal activities. Any substance for
which there was insufficient evidence of its having originated
from on-site disposal practices was eliminated from further
consideration. The list of remaining chemicals then underwent
further screening to select the indicator chemicals. The
selection process took into consideration the concentration,
toxicity, distribution, persistence, and mobility of each of
the contaminants. )

2.1 Summarization of Data

In order to determine which chemicals may be related to the 881
Hillside location, the most recent sampling data were reviewed.
These included data from the last quarter of 1986 and the four
quarters of 1987 which are contained in the remedial investi-
gation (RI) report (Rockwell International, 1988). These data
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represent the results of the analysis of samples collected
from on- and off-site soil, up- and downgradient groundwater,
up- and downstream surface water, and on-site ambient air.

The chemicals that were addressed in the screening process were
limited to the most toxic groups of chemicals, i.e., organics,
heavy metals, and radiocnuclides. Although information was
available concerning the concentrations of salts (e.g., sodium,
potassium, chloride) in surface water and groundwater, these
parameters were not considered in the selection of indicator
chemicals. Data concerning the concentrations of salts in
aqueous media are used primarily to evaluate overall water
quality. Salts are not usually of primary toxicologic concern,
as they have a relatively low toxicity.

The available sampling information was first reviewed to deter-
mine which of the sampling locations are relevant to the evalu-
ation of potential contamination originating from the 881
Hillside Area. Table 2-1 1lists the groundwater, surface water,
and soil sampling locations used to evaluate potential contami-
nation of each medium. The groundwater wells which are located
within or adjacent to the 881 Hillside Area SWMUS were used in
the evaluation of groundwater contamination at the 881 Hillside
area. These are shown in Fiqure _’-Y . Those surface water
sampling locations located east/southeast of the 881 Hillside
area along the South Interceptor Ditch and Woman Creek were
used to evaluate potential surface water contamination from the
881 Hillside Area. These surface water sampling locations are
shown in Figure ___ . On-site soil sampling locations are shown
in Fiqure _/-9_.

2-2
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Table 2-1

Site-Related Sampling Locations

On-Site Wells

Alluvial

Bedrock

Surface
Water Soil
Stations Boreholes

9-74
10-74

1-82

2-82
63-86
64-86
69-86

2-87

4-87
43-87
44-87
47-87
48-87
49-87
50-87
51-87
52-87
53-87
54-87
55-87

59-86
62-86
3-87
5-87
8-87
45-87

SW-31 BH1-BH17

SW-32 BHS7
BHS58
BHS9
BH61
BH62
BH63
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Available data for specific chemicals present in the ambient
air at the 881 Hillside location were limited to draeger tube
readings for trichloroethene and tetrachlorcethene taken during
a one day survey in March, 1987. Tetrachloroethene- was detected
at 2 out of 32 on-site sampling locations at 2 and 3 ppm. Tri-
chloroethene was not detected at any of the locations surveyed.
It is unlikely that the positive readings for tetrachloroethene
were related to past disposal activities. The results of analy-
ses of soill samples from the 881 Hillside location indicated
that tetrachloroethene was neither widely distributed in <the
soil, nor present at high concentrations. Tetrachloroethene was
measured above detection limits in 8 out of 91 soil samples at
a maximum concentration of 0.190 ppm (0.013 ppm average). In
view of this information and the fact that the positive readings
occurred near a current collection area for solvents (Rockwell
International, 1987a), the air sampling data are unlikely to be
associated with previous disposal activities and were not con-
sidered in the selection of indicator chemicals or in the sub-
sequent risk analysis.

The most recent data collected from each relevant sampling
location were summarized. Sampling data were organized accord-
ing to the three general categories of contaminants (metals,
organics, radionuclides), and the media in which they were
found (groundwater, surface water, and soil). The ranges and
averages of the concentrations of metals and organics and the
activities of radionuclides measured in each medium were
determined. In computing average concentrations of metals and
organics, if a chemical was not detected in a sample above the
minimum detection limit, it was assumed that it was present at
one half of the detection limit (Gilbert, 1987). It should be
noted that as a result of assuming nondetected values to be
one-half of the detection limit, that in some cases in which a
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substance was detected 1in only a small proportion of the
samples, the calculated "average" may be higher than the
maximum reported concentration. Average activities for radio-
nuclides were calculated using only those activities that were
detected. The ranges of background concentrations of metals
and background activities of radionuclides were also deter-
mined. The data and approaches used in determining background
for the 881 Hillside Area are presented in the RI report
(Rockwell International, 1988). The background concentrations
of organics were assumed to be zero.

The sampling data and background data are summarized in Tables
2-2 through 2-5 (metais), Tables 2-6 through 2-9 (organics),
and Tables 2-10 through 2-13 (radionuclides). To simplify the
summarization process, only those contaminants that were iden-
tified in site-related samples above the minimum detection
limit are listed in the tables. Complete sets of data listing
all assayed chemicals are contained in the RI report.

Several limitations/qualifications regarding the sampling data
should be noted. Groundwater data were subdivided according to
the water bearing zones in which the sampled wells were com-
pleted. Two water bearing zones are present at the site: 1) a
shallow zone within the alluvial, valley £fill, and slope wash
materials; and 2) bedrock sandstone. Wells 9-74 and 10-74 are
completed in both alluvial material and bedrock claystone. The
chemical concentrations and radiocactivities in the groundwater
at these wells 1is 1likely to be representative of alluvial
groundwater. Therefore, these wells were considered alluvial
wells for the purposes of determining the ranges and averages
of chemical concentrations and radioactivities in the ground-
water.
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Table 2-2

-

Concentrations of Metals in Alluvial Wells

(mg/L)
Background Site—-Related

Chemical Rangel Average?2 Rangel Average?
Aluminum 0.0309-0.8289 0.128 0.0321-2.3 0.150
Antimony 0.058 0.023 0.006J-0.208 0.034
Arsenic 0.004 0.004 0.008J-0.009 0.004
Barium 0.0461-0.5163 0.101 0.0545-0.1774 0.103
Beryllium 0.011-0.037 0.004 0.001J-0.023 0.003
Cadmium 0.0003J-0.007 0.002 0.0003J-0.0013 0.001
Cesium 0.360 0.073 0.04J 0.04
Chromium 0.0114-0.1356 0.011 0.0127-0.0782 0.010
Cobalt 0.10 0.014 0.14 0.018
Copper 0.0068-0.0463 0.010 0.0078-0.0364 0.012
Iron 0.0078-0.5953 0.113 0.0128-1.31 0.094
Lead ‘ 0.002J-0.054 0.008 0.006-0.037 0.006
Manganese 0.0065-0.547 0.076 0.0075-0.9586 0.144
Mercury 0.0007-0.003 0.0001 0.0001J-0.006 0.0001
Molybdenum 0.0222-0.510 0.034 0.0252-0.0533 0.020
Nickel 0.029-0.077 0.021 0.0370-0.4380 0.080
Selenium 0.002 0.002 0.0020-2.1 0.276
Silver 0.004 0.004 0.0094-0.031 0.005
Strontium 0.068-0.205 0.123 0.4237-2.43 1.324
Thallium 0.007 0.005 0.016 . 0.006
Vanadium 0.024-0.850 0.040 0.0302-0.0368 0.014
Zinc 0.005-0.49 0.044 0.005~0.5827 0.055

lRange of detected concentrations.
2Includes nondetected values calculated as 0.5 of the minimum
detection limit.

J = Estimated value. Substance was detected below EPA minimum
detection (quantitation) limit.
NDA = No data available.
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Table 2-3

Concentrations of Metals in Bedrock Wells

(mg/L) .
Background Site-Related
Chemical Ranged Average< Range! Averagel
Aluminum 0.0329-0.7932 0.107 0.0314-4.750 0.328
Antimony 0.021 0.021 0.058-0.185 0.030
Arsenic 0.003J-0.004J 0.004 0.004J 0.004
Barium 0.0357-0.2224 0.103 0.0191-0.926 0.121
Beryllium 0.003 0.003 0.009-0.029 0.004
Cadmium 0.0003J-0.0005J 0.002 0.0003J-0.0058 0.002
Cesium 0.057 0.057 0.055 0.055
Chromium 0.015 0.006 0.0128-0.0453 0.013
Cobalt 0.011 0.011 0.013 0.013
Copper 0.0083-0.0477 0.012 0.0083-0.0166 0.009
Iron 0.0087-0.5391 0.063 0.0120-2.90 0.187
Lead 0.011-0.029 0.007 0.01-0.024 0.005
Manganese 0.013-0.2275 0.057 0.0207-0.1833 0.042
Mercury 0.0003 0.0001 0.0001J-0.002 0.0001
Molybdenum 0.0224-0.0553 0.023 0.0222-0.0650 0.022
Nickel 0.017 0.017 0.0370-0.1494 0.047
Selenium 0.002J-0.009 0.003 0.003J-0.15 0.042
Silver 0.004 0.004 0.004 0.004
Strontium 0.117-0.8713 0.426 0.2063-3.0625 1.094
Thallium 0.005 0.005 - 0.005 0.005
Vanadium 0.0304-0.0467 0.017 0.012 0.012
Zinc 0.0231-0.09 0.021 0.012-0.07 0.022

lRange of detected concentrations.

21ncludes nondetected values calculated as 0.5 of the minimum
detection limit.

NDA
J

No data available.

Estimated value. Substance was detected below EPA minimum
detection (quantitation) limit.

o
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Table 2-5

Concentrations of Metals in Soil

(mg/kg)

Background Site-Related
Chemical Range Average Rangel Average<
Aluminum 6,540-9,190 7,990 3,500-22,000 11,483
Antimony 37U-41U0 19.3 21-24 6
Arsenic 6.1-10 3.84 2.2-2.4 8
Barium 122U0-135U0 64.2 35J-811 120
Beryllium 3.0U-3.4T 1.6 0.53-1.9 0.764
Cadmium 3.00-3.4U0 1.6 1-9 2
Cesium NDA NDA NDA NDA
Chromium 5.6-13 9.3 2.9-27.8 12
Cobalt 12U-25 10.9 3.8J7-36 8
Copper 6.6J-10J 8.7 4.83-29.8 13
Iron 9,080-12,400 10,719 2,220-67,200 15,171
Lead 15-48 28.3 3.4-35.2 13
Manganese 196-337 267 9.8-563 193
Mercury 0.1U0 0.05 0.08-2.07 0.179
Molybdenum NDA NDA NDA NDA
Nickel 13U-16J 10.9 3.53-71 13
Selenium 3.0U0-3.4U 1.6 0.499 0.499
Silver 3.0U-3.4U0 1.6 0.897 0.897
Strontium NDA NDA 209 66
Thallium 6.1U-6.80 3.2 0.934 0.934
Vanadium 30U-38 18.5 5-51.6 28
Zinc 20-49 32.7 8.4-185 54

lRange of detected concentrations.

21ncludes nondetected values calculated as 0.5 of the minimum
detection limit.

NDA
U

nn

limit.

2538B

No data available. o _
Substance not detected above indicated minimum detection
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Table 2-86

Concentrations of Organics in Alluvial Wells

(ug/L)
On-Site

Chemical Rangel Average<
Acetone 2BJ-130B 19
2—-Butanone 22 9
Carbon tetrachloride 5-28,000 830
Chloroform 5-32J 4
1,1-Dichloroethane 35-342 23
1,2-Dichloroethane 4-16,000 506
1,1-Dichloroethene 3J-48,000 ’ 3,775
t-1,2-Dichlorcethene 42-5,070 125
Methylene chloride 1J-48 10
Tetrachloroethene 3J-13,200 1,089
1,1,1-Trichloroethane 2J-30,250 2,918
1,1,2-Trichloroethane 48-139 12
Trichloroethene 12-72,000 4,146
Toluene 11-67 9

lRange of detected concentrations.

2Includes nondetected values calculated as 0.5 of the minimum
detection limit.

B
J

Substance was also detected in the blank.
Estimated value. Substance was detected below EPA minimum
detection (quantitation) limit.
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Table 2-7

Concentrations of Organics Detected in Bedrock Wellis

(ug/L) .
On-Site
Chemical Ranget Average<
Acetone 2BJ-210B 33
Chloroform 4J-37B 4
1,2-Dichloroethane 6 3
1,1-Dichloroethene 2J3 3
Methylene chloride 2J-23JB 5
Toluene 1J-2J 4

lRange of detected concentrations.

21ncludes nondetected values calculated as 0.5 of the minimum
detection limit.

B
J

Substance was also detected in the blank.
Estimated value. Substance was detected below EPA minimum
detection (quantitation) limit.
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Table 2-8

Concentrations of Organics Detected in Surface Water

(ug/L) .
Interceptor Ditch Woman Creek
Chemical Range Averagel Range Averagel
Carbon tetrachloride 4U-5U 2.3 4U-6 3.3
Toluene NDA NDA 12 12
Trichloroethene 4U-5U 2.3 4U-26 8.3

lIncludes nondetected values calculated as 0.5 of the minimum
detection limit.

No data available
Not detected above the indicated minimum detection
(quantitation) limit.

NDA
9]
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Table 2-9

Concentrations of Organics in Soil

(ug/kg)
On-Site

Chemical Rangel Average?
Acetone 2JB-650B 112
Aroclor-1254 43-70 25
Bis(2-ethylhexyl)phthalate 85JB-7214 1,236
Bromomethane 6J 16
2—-Butanone 3J-390 43
Dibromochlorcmethane 1J 8
1,2-Dichloroethane 5J-10J 8
1l,1-Dichloroethene 8J 8
t-1,2-Dichloroethene 187 8
Diethyl phthalate 26-31 133
Di-n-butyl phthalate 35J-3643 380
Di-n-octyl phthalate 170J-265 136
Methylene chloride 2J-5908B 41
4-Methyl-2-pentanone 68 . 17
N—nitrosodighenylamine 36J-160J - 457
PAH (total) 7773-1939 1,914
Tetrachloroethene 5J-190 13
Toluene 6J-25 8
1,1,1-Trichloroethane 10J-110 11
1,1,2-Trichloroethane : 6J-27 8
Trichloroethene 7J-150 11

lRange of detected concentrations. ‘

2Includes nondetected values calculated as 0.5 of the minimum
detection limit. v

3Minimum/maximum (i.e., range) and average concentrations are
the sums of the minimum/maximum and average concentrations
reported for 13 individual PAH.

B
J

Substance was also detected in the blank.
Estimated value. Substance was detected below EPA minimum
detection (quantitation) limit.
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Table 2-10

Radionuclide Activities in Alluvial Wells
(pCi/L =+ counting error)

-

Background On-Site

Radionuclide Range Averaged Range Averagel
Americium-241 BMDA BMDA 0.0x1.6-0.7x0.8¢ 0.039
Cesium-137 NDA NDA 1.4-3.1 2
Plutonium-239,240 BMDA BMDA 0.0+x0.59-0.9%1.1 0.085
Strontium-89,90 NDA NDA 0.6-5.6 2
Tritium NDA NDA 0.0+0.21-3000 565
Uranium-233,234 BMDA- 3.5£0.9 1.7+1.0-29.3*3.9 13

3.5+0.9
Uranium-235 BMDA BMDA 0.0x0.36-1.3%0.6 0.470
Uranium-238 BMDA- 2.1%1.0-33%5 10

5.5%2.1 5.5%2.1

lFor activities above detection only.
BMDA
NDA

Below minimum detectable activity.
No data available.
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Table 2-11

Radionuclide Activities in Bedrock Wells
(pCi/L = counting error)

Background On-Site

Radionuclide Range Averagel Range Averagel
Americium-241 BMDA BMDA 0.0+x0.18-0.25*0.32 0.011
Cesium-137 NDA NDA 0.3-2.2 2
Plutonium-239,240 BMDA BMDA 0.0x0.63-1.7%1.9 0.215
Strontium-89,90 NDA NDA 0.44-3.4 2
Tritium NDA NDA 2.1-450 187
Uranium-233,234 BMDA- 6.6x1.8 0.0+1.0-15=*2 5

6.6*1.8
Uranium-235 BMDA 0.0£0.36-0.75x0.54 0.280
Uranium-238 BMDA- 7.5+x1,7 0.0%x0.5-11%2 5

7.5x1.17

lFor activities above detection only.

BMDA
NDA

Below minimum detectable activity.
No data available.
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Table 2-12

Radionuclide Activities

in Surface Waters

(pCi/L = counting error) .
Background Interceptor Ditch Woman Creek

Radionuclide Range Average1 Range Averagel Range AverageI
Americium-241 0.02+0.03- 0.04 0.0=0.06- 0.0 0.0=1.2 0.0

0.06+0.04 0.0=1.3 0.01=0.03
Cesium-137 NDA NDA BMDA BMDA BMDA BMDA
Plutonium-239,240 0.02+0.04- 0.015 0.0=0.28- 0.195 0.23=0.87- 0.25

0.01+0.06 0.39+0.84 0.26=0.82
Strontium-89,90 NDA NDA 3.43 3.43 3.15 3.15
Tritium 20=220- 50 BMDA- 180 BMDA-

80+220 180=240 e 50=220 50
Uranium-233, 234 0.13+0.09- 0.26 3.1+0.4- 4.3 0.03=0.13- 1.5

0.3820.14 5.5=1.3 2.9+1.9
Uranium-235 NDA NDA NDA NDA NDA NDA
Uranium-238 0.06=0.06- 0.09 10=+1- 12 0.04+0.11- 0.6

0.12+0.08 14=2 1.2=+1.3
lFor activities above detection only.
BMDA = Below minimum detectable activity.
NDA = No data available.
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Table 2-13

Radionuclide Activities in Soil
(pCi/g = counting error)1

Background On-Site

Radionuclide Range Range Averagel
Americium-241 0.0=0.03-0.2820.16 0.0+0.8-0.15+0.13 0.012
Cesium-137 NDA 0.0+0.8-2.6=+0.9 0.252
Plutonium-239,240 0.01+0,10-0.1%0.2 0.0=0.14-0.91=0.3 0.007
Strontium-89,90  NDA 0.0+0.8-1.9=1.5 0.173
Tritium 0.0£0.22-0.28+0.27 0.0=0.20-0.73=0.2 0.155
Uranium-233,234 0.66+0.16-1.4=+0.2 0.42+0.13-2,2=0.2 0.954
Uranium-235 NDA NDA NDA
Uranium-238 0.62+0.16-1.2+0.2 0.3520.12-1.9=0.2 0.896

1Except for tritium which is expressed as pCi/ml soil water.

NDA = No data available.

2538B
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The available on-site soils data were limited to, and reflected
the analysis of, composite samples taken at various depths,
starting at the surface and extending down into the bedrock. By
contrast, the available background soils data reptesented the
analyses of composite surface soil samples collected at depths
ranging from 0 to 1 foot. However, in the absence of on-site
surface soils data (i.e., specific 0 to 1 foot data), the on-
site soils data collected up to a depth of 10 feet, and which
did not reach the point of contact with the bedrock, were sum-—
marized and subsequently compared to the background surface
soils data in the indicator chemical selection process.

Only two surface water sampling locations could be identified
on either the Interceptor Ditch or Woman Creek which potentially
reflect contamination specific to the 881 Hillside location.
There were sampling stations SW-31 (Interceptor Ditch) and SW-32
(Woman Creek). Although other surface water sampling locations
might be impacted by contamination from the 881 Hillside Area,
they might also potentially be impacted by other areas of the
Rocky Flats Plant. The evaluation of surface water contamination
was, therefore, limited to data from these two locations.

2.2 DETERMINATION OF SITE-RELATED CONTAMINANTS

2.2.1 Metals and Organics

To determine which metals might be related to on-site disposal
activities, the site-related data were compared to the appropri-
ate available background data. Those metals for which the
average site-related concentration exceeded the average back-
ground concentration in one or more media were considered to be
site-related contaminants. The results of this comparison are
summarized in Tables 2-14.
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Table 2-14

Metals Present above Background Levels in
Site-Related Samples .

Chemical

Groundwater

Alluvium Bedrock

Surface Water

Interceptor

Ditch

Woman Creek

Soil

Aluminum
Antimony
Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Manganese
Mercury
Nickel
Selenium
Strontium
Vanadium
Zinc

X
X

e R T T

XX X

Ca s

X

F T S

X

L B e |

X

MK N

W

NDA
X
I

No on-site or background data available.
Chemical measured above background level. ' .
Insufficient information to determine if the compound is

above background due to a lack of background or on-site

sampling data.

2538B
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On the basis of the comparison to background, seven metals were
found which did not exceed background levels in the media for
which data were available and were therefore eliminated from
the process of indicator chemical selection. These were!

- arsenic

- cesium

- cobalt

- 1lead

- molybdenum
- silver

— thallium

Because the background for organics was assumed to be zero, any
organic that was detected above the minimum detection limit in
one or more site-related sample was assumed to be above back-
ground and was 1included in the indicator chemical selection
process. A list of these compounds and the media in which they
were detected are presented in Table 2-15.

2.2.2 Radionuclides

To determine which radionuclides might be related to on-site
disposal activities, site-related data were compared to the
most appropriate available background data. Data from the down-
gradient alluvial and bedrock wells were compared to data from
alluvial and bedrock wells located hydrologically upgradient of
the Plant. Radionuclides for which the concentration less the
counting error (i.e., two standard deviations) exceeded the max-
imum background value plus its counting error were considered
site related contaminants. The procedure is further outlined in
the 881 Hillside Remedial Investigation Report. The results of
this comparison are summarized in Table 2-16.

On the basis of the comparison to background, only three radio-
nuclides were found to significantly exceed background concen-
trations. These were uranium-233-234, uranium-235 and uranium
-238.

2538B



Table 2-15

Organics Present in Site-Related Samples-

Groundwater Surface Water
Interceptor
Chemical Alluvium Bedrock Ditch Woman Creek Soil

Acetone X X X
Aroclor-1254 X
Bis(2-ethylhexyl)
phthalate
Bromomethane
2-Butanone

Carbon tetrachloride
Chloroform
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
t-1,2-Dichlorothene
d-n-butyl phthalate
d-n-octyl phthalate
4-Methyl-2-pentanone
Methylene chloride X X
N-nitrosodiphenyl-

amine

PAH (total) .
Tetrachloroethene X X
Toluene X X X X
1,1,1-Trichloro- ‘

ethane X X
1,1,2-Trichloro-

ethane b4 X
Trichloroethene X X X

WM NN K
>
"
L] e

ol Rl R

o

X = Compound measured above background level.
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Table 2-16

Radionuclides Measured Above Background Levels
in Site-Related Samples

Groundwater Surface Water
Interceptor
Chemical Alluvium Bedrock Ditch Woman Creek Soil
U~-233,234 - X X X
U-235 X X NDA
U-238 X X X
X = Compound measured above background level.

NDA No data available.
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Radionuclides which were measured but not found to exceed
background concentrations were:

-~ americium-241

- cesium-137

- plutonium-239,240
- strontium-89,90

- tritium

2.3 Scoring for Indicator Chemicals

The metals and organics which were detected above background
were ranked according to guidelines in the Superfund Public
Health Evaluation Manual (SPHEM) (EPA, 1986a). Based on the
availability of toxicity constants (EPA, 1986a). Of the 40
chemicals detected above background, 16 were ranked for non-
carcinogenic effects only, 4 for carcinogenic effects only, and
7 for both noncarcinogenic and carcinogenic effects. Toxicity
constants were not available for the remaining 13 chemicals.

The computation of the indicator scores and the ranking numbers
are summarized in Supplement A, Tables A-1 (noncarcinogenic
effects) and A-2 (carcinogenic effects). The average and maximum
contaminant concentrations used in the scoring were taken from
Tables 2-2 to 2-9. The toxicity constants are summarized in
Supplement A, Table A-3.

In order to reduce the list of scored chemicals to those of
greatest potential concern, the chemicals that ranked in the
top 50 percent according to average and/or maximum concentra-
tions were examined further to select the final list of indi-
cator chemicals. These chemicals, listed in Supplement A, Table
A-4, included the top 12 of the 22 ranked for noncarcinogenic
effects and the top 6 of the 11 ranked for carcinogenic effects.
Parameters considered in the final screening included mobil-
ity, persistence, and contaminant distribution on- and off-site.

2-23
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In addition, the chemicals for which toxicity constants were
not available (see Supplement A, Table A-5) were evaluated on
the basis of toxicity information, reported concentrations, and
on- and off-site distribution. The reported site-related con-
centrations and background concentrations were also evaluated

further for all of the contaminants under final consideration
as indicator chemicals.

As a result of these evaluations, the list of indicator chemi--
cals, shown in Table 2-17, was chosen. This list includes all
of the top (upper 50 percent) ranking carcinogens (Supplement
A, Table A-4), all of which were present at high concentrations
in groundwater, in which they are highly mobile. Four of these
compounds (carbon tetrachloride, 1,l1-dichloroethene, trichloro-
ethene and tetrachloroethene) were also among the top (upper 50
percent) compounds ranked for noncarcinogenic effects (Supple-
ment A, Table A-4). Of the remaining 8 top-ranking chemicals on
the noncarcinogenic effects list, selenium, nickel, and t-1,2-
dichloroethene were included on the final 1list of indicator
chemicals. Selenium was measured at concentrations exceeding
the federal primary Maximum Contaminant Level of 10 ug/L in
several site-related alluvial monitoring- wells. Nickel was
measured in site-related alluvial groundwater samples at con-
centrations exceeding a Lifetime Health Advisory of 150 mg/L
for drinking water (EPA, 1987a). Trans-1,2-dichloroethene was
detected at elevated concentrations (up to 5,000 ug/l) in
groundwater in which it is highly mobile. The reasons for the
elimination of the other 5 top-ranking chemicals on the non-
carcinogenic effects 1list from consideration as indicator
chemicals are summarized in Supplement A, Table A-6. Of the 12
substances which c¢ould not be ranked because they had no
toxicity constants, strontium was selected as an indicator
chemical because of its presence above background levels in both
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Table 2-17

Indicator Chemicals

Organics
Bis(2-ethylhexyl)phthalate (DEHP)
Carbon tetrachloride
1,2-Dichloroethane
1,1-Dichloroethene
t-1,Dichlorocethene
Tetrachloroethene

Trichloroethene

Inorganics

Selenium

Strontium

Radionuclides

Uranium-233,234
Uranium-235

Uranium-238

2-25
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groundwater and surface water samples. The reasons for the
elimination of the remaining 11 chemicals without toxicity
constants from the final indicator chemical list are summarized
in Supplement A, Table A-7. It was also decided to include
bis(2-ethylhexyl) phthalate (DEHP) as an indicator chemical.
Although the lowest ranking of the carcinogens identified on
site, DEHP appeared to be widely distributed in soil samples
collected at the 881 Hillside location. DEHP will also be used
to represent other organics that were detected only in on-site
soil samples (e.qg., N-nitrosodiphenylamine, di-n-octyl
phthlate; see Supplement A, Table A-7).

The list of indicator chemicals also includes uranium. No for-
malized procedure comparable to that developed by EPA for sel-
ecting indicator chemicals (EPA, 1986a) has been developed for
radionuclides. Uranium was chosen as an indicator chemical
because 1its activity was measured above background in both
alluvial and bedrock groundwater samples (see Section 2.2.2).

Toxicity profiles for the indicator chemicals are presented in
Supplement B. The profiles describe the toxic effects associ-
ated with these chemicals and the dosage levels at which they
have been reported to occur.
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SECTION 3

ENVIRONMENTAL RELEASE AND TRANSPORT

In Section 2, the nature and extent of contamination at the 881
Hillside 1location was examined and indicator chemicals were
selected. In order for a hazard to exist, however, these chem-
icals must have the potential for coming into contact with
humans or other sensitive receptors. Contact might occur.
directly (i.e., through direct exposure to contaminated
materials on site), or indirectly (i.e., through exposure to
chemicals that have migrated off site). This section addresses
the potential for contaminant migration, including the general
mechanisms by which contaminants might be released into the
environment and the pathways through which they might be
dispersed. Those pathways which are of greatest potential
concern are identified.

3.1 CONTAMINANT RELEASE SOURCES AND MIGRATION PATHWAYS

An examination of the sampling data presented in Section 2
revealed that contaminants were distributed on site primarily
in the groundwater and, to a 1lesser extent, in the soil.
Therefore two main release sources are expected to exist at the
881 Hillside 1location: groundwater and soil. From these two
sources, media contaminants might potentially migrate from the
site through three pathways: groundwater, surface water, and
ambient air. These pathways are briefly described below. More
detailed information concerning the hydrogeology and meterology
of the Rocky Flats Plant may be found in a previous report
(Rockwell 1International, 1986). Details of the hydrogeology
specific to the 881 Hillside location are contained within the
Remedial Investigation Report for High Priority Sites (881
Hillside) (Rockwell International, 1988).

The potential contaminant release mechanisms and migration path-

ways at the 881 Hillside location are summarized in Figure 3-1.
3-1
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3.1.1 Groundwater Pathway

Two hydraulically-connected water bearing zones are present at
the 881 Hillside 1location. A shallow water bearing zone is
contained within surficial alluvial and colluviéi materials,
and a deeper water bearing zone 1is contained within the
underlying Dbedrock (Arapahoe formation). Groundwater flow
within the shallow water bearing zone is towards the southeast.
Flow in the bedrock water bearing zone is towards the east.
Contaminants in the groundwater may leave the site through four
pathways (Rockwell International, 1987a):

° From the colluvium to the valley £ill alluvium, dis-
charging to Woman Creek.

o From the colluvium to the alluvium, exiting as subsur-
face flow.

o Through the colluvium, discharging to the interdeptor
ditch.
L From the colluvium to the bedrock, exifing through the

bedrock water bearing zone.

3.1.2 Surface Water Pathway

Two intermittent surface waters are located adjacent to the 881
Hillside 1location. These are the South Interceptor Ditch,
located directly to the south of the Plant, and Woman Creek,
situated to the south of the ditch. The interceptor ditch
receives surface water runoff from the southern portion of the
Plant, including the 881 Hillside 1location. It also receives
groundwater discharge from the colluvial materials (shallow
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aquifer). The interceptor ditch flows into a retention pond
(Pond C-2), located to the southeast of the 881 Hillside, the
contents of which are periodically discharged to Woman Creek in
accordance with the Plant's NPDES permit. Woman Creek, ' in
addition to receiving discharges from the interceptor ditch,
may also receive contaminants from the site through shallow
groundwater discharge from on-site alluvial materials. Another
retention pond (Pond C-1) from which discharges are also
monitored and controlled in accordance with the Plant's NPDES
permit, 1is located on Woman Creek, to the southeast of the
Hillside. Woman Creek enters Standley Lake approximately four
miles from the Plant boundary. The locations of the
site-adjacent surface waters are shown in Figure e

3.1.3 Air Pathway

Contaminants might potentially be released directly from the
site to the ambient air through volatilization or the genera-
tion of fugitive dusts from the soil. Release of contaminants
to the air might also occur indirectly through volatilization
from impacted surface waters. Winds at the Plant are predomi-
nantly from the northwest (Rockwell International, 1988).

3.2 IDENTIFICATION OF MIGRATION PATHWAYS OF CONCERN

Although all of the pathways shown in Figure 3-1 could poten-
tially lead to the off-site migration of contaminants, this
risk assessment will address only those that pose the greatest
potential for release and/or transport. Therefore, all of the
possible release mechanisms and migration pathways were
examined to determine which might result in the significant
off-site movement of contaminants.
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3.2.1 Groundwater Migration

The migration pathway of the greatest potential concern is
contaminant transport through the groundwater. Elevated con-
centrations of volatile organics, metals, and radionuclides
have been identified in the alluvial groundwater (shallow water
bearing 2zone) at the site. Groundwater transport of contam-
inants will therefore be considered 1in assessing potential
risks associated with the 881 Hillside location.

Based on current sampling data, the leaching of chemicals from
the soil to the groundwater would be expected to have a
negligible impact, if any, upon future groundwater contaminant
levels. The concentrations of volatile organics measured in the
soil (maximum of 0.15 ppm) are orders of magnitude lower than
those measured in the groundwater (maximum of 72 ppm). The
inorganic indicator chemicals, selenium and strontium, were not
present at unusual concentrations in the soil. Selenium was not
measured above background in on-site soil samples. Although
there was insufficient background data to determine if strontium
was present 1in on-site soil samples above background levels,
the concentrations measured in on-site soils were within ranges
reported to be typical of clayey and sandy soils (Kabata-Pendias
and Pendias, 1984). Uranium concentrations in soils were at or
near background levels. Therefore, release of uranium to ground-
water is also expected to have negligible impact. Significant
leaching of bis(2-ethylhexyl)phthalate would also not be
expected. Bis(2-ethyhexyl)phthalate has not been detected in
samples from on-site monitoring wells at levels above the
EPA-required minimum detection 1limit (Rockwell International,
1986). The potential for the future degradation of the ground-
water with bis(2-ethylhexyl)phthalate would be expected to be
low since: 1) soil concentrations are relatively low (maximum
of 7.2 mg/kg, 0.085 mg/kg average) and; 2) it has a low solu-
bility in water (solubilities of 0.4 mg/l and 1.3 mg/l have been
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reported (U.S. EPA, 1979)). Because the levels of so0il contami-
nants would not be expected to significantly impact upon the
groundwater in the future, the leaching of contaminants from
the soil was considered not to be a release mechanism/migration
pathway of concern.

3.2.2 Surface Water Migration

The potential importance of the surface water pathway in the
off-site migration of contaminants depends 1largely upon the

future potential for its degradation since, with the possible
exception of uranium-238, current concentrations of the indi-
cator chemicals in site—adjacent surface waters are relatively
low and are not of concern. None of the organic indicator
chemicals were detected above detection limits in surface water
samples collected downgradient of the site. Of the metals,
selenium was not detected above background in downstream
aqueous samples and downstream sediment concentrations (0.17
mg/kg, average) in Woman Creek were similar to those measured
upstream (0.11 mg/kg, average). The range of strontium concen-
trations in downstream samples from the interceptor ditch and
Woman Creek (0.17-0.46 mg/l) was similar to that in upstream
samples (<0.02-0.42 mg/l). Downstream sediment concentrations
in Woman Creek (46 mg/kg average), although higher than
upstream concentrations (2.6 mg/kg, average) are not unusual
for sediments (Andrews-Jones, 1968). Surface waters collected
from the Interceptor Ditch were found to contain concentrations
of U-238 above background. Samples collected upgradient of the
881 Hillside Area had higher concentrations than those col-
lected downgradient. Therefore, there is insufficient data to
link the U-238 contamination to the 881 Hillside Area. Surface
water samples collected from Woman Creek were found to be
indistinguishable from background for uranium.
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The two main mechanisms which could potentially lead to surface
water contamination in the future are soil erosion/surface
runoff and groundwater discharge. Because of the relatively low
concentrations of <contaminants in on-site soils (Section
3.2.1), soil erosion/surface runoff from the 881 Hillside
location would not be expected to impact upon the site-adjacent
surface waters in the future. Groundwater discharge would also
be anticipated to have limited impacts. Although high levels of
volatile organics were measured in the groundwater, these
chemicals would not be expected to persist in surface waters
after they are discharged because of their short half-lives and
the shallowness of the receiving waters (i.e., South Inter-
ceptor Ditch and Woman Creek). Half-lives of the volatile
organic indicator chemicals in surface water have been reported
to be in the range of minutes to days (EPA, 1979 and EPA,
1986). Rapid evaporation would be expected to be facilitated by
the intermittent nature of the site-adjacent surface waters and
the shallowness of these waters during times of flow. Depth in
these waters, then flowing, average from one to two feet
(Personal communication with Suzanne Paschke, 1987). The
prediction that wvolatiles released to surface waters will
evaporate quickly 1is supported by recent sampling data
(Rockwell International, 1988). Although volatile organics were
present in the drainage from the footings of Building 881
(maximum of 128 ug/l), none were detected in the interceptor
ditch into which the drainage flows.

The potential for future impacts of the metal contaminants
contained in the groundwater upon the site-adjacent surface
waters would also be expected to be minimal. It is anticipated
that these contaminants would be attenuated by a number of
processes, 1including the sorption and dilution, of contami-
nants, as the groundwater flows towards discharge zones and
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after the ground-water discharges to the surface. It is
unlikely that elevated levels of metals and radionuclides will
migrate from the 881 Hillside location as a result of future
groundwater discharge to surface water. ) N

Because the current 1levels of indicator chemicals in site
adjacent surface waters are low or below detection limits and
because the future potential for contaminants at the 881
Hillside impacting upon these surface waters 1is low, the poten- .
tial for off-site exposure to contaminants as a result of
surface water migration is also low. Therefore, the surface
water pathway will not be addressed as a migration pathway of
concern in this risk assessment.

3.2.3 Air Migration

Air migration pathways (volatilization and dispersion of
contaminated dusts) would be expected to be of negligible
consequence at the 881 Hillside 1location. Although volatile
organics were measured in on-site soils, it is not expected
that the evaporation of these chemicals would result in ambient
air concentrations high enough to be of human health concern.
Information regarding the concentrations of contaminants at the
soil surface was not available (see Section 2.1.1). However, it
is unlikely that there are measurable quantities of volatile
organics in surface soil for the following reasons: 1) the
analysis of composite soil samples revealed that volatile
organics were not widely distributed nor present at high
concentrations in the soil (see Section 2.1.1); 2) limited
ambient air sampling conducted on-site did not indicate the
presence of organics in the ambient air at concentrations above
detection limits (i.e., ppm range) (see Section 2.1.1) and; 3)
it would be expected that ény volatiles that may have been
present at the soil surface due to past disposal practices would
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have almost entirely evaporated. Based on the low concentra-
tions of volatiles measured in composite soil samples taken up
to 10 feet in depth, it 1is also unlikely that significant
volatile contaminant release could occur from subsurface soils.

Similarly, the volatilization of organics from surface waters
is also unlikely to result in ambient air contaminant concen-
trations that are of concern. Evidence indicates that volatiles
that are being discharged from the groundwater are evaporating
at a sufficiently rapid rate to prevent measurable quantities
from accumulating in surface waters (see Section 3.2.2). It is,
therefore, unlikely that significant levels of organic con-
taminants will build up in the ambient air at or off the site
as a result of volatilization from surface waters.

The migration of fugitive dusts also poses a negligible
potential for contaminant exposure since the concentrations of
contaminants in the soil are either low or not unusual (see
Section 3.2.1). Although the migration of contaminants through
dust dispersion will not be considered in this assessment, a
worst-case scenario, (i.e., exposure to dusts by individuals
who might live at the site in the future), will be addressed in
Section 4.3.4. '

3.2.4 Final Selection of Migration Routes of Concern

Based on the concentrations of the indicator chemicals measured
in media at the 881 Hillside location and on their chemical and
physical properties, the greatest potential for off-site expo-
sure to these chemicals is posed by groundwater migration. The
transport of contaminants through groundwater flow will be
addressed in Section 4.2.2

2538B



Off-site contaminant transport through surface water and air
are anticipated to result in negligible exposure potential and
will not be addressed in this risk evaluation. However,
exposure to contaminants through "limited" migration on-site
(e.g., 1inhalation of fugitive dusts, skin contact with
contaminated soils) will be addressed in Section 4.3.
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SECTION 4

EXPOSURE EVALUATION

The purpose of the exposure evaluation is to determine the
possible extent of human exposure to the indicator chemicals.
The evaluation involves the identification of exposed popula-—
tions, the determination of contaminant concentrations at
exposure points, and the estimation of contaminant intake
through potential exposure routes. These estimated contaminant
intakes are subsequently used in the risk characterization
(Section 5).

4.1 IDENTIFICATION OF EXPOSED POPULATIONS

4.1.1 Currently Exposed Populations

Based on the existing information, on-site workers are the only
population may be potentially exposed to contaminants at, or
emanating from, the 881 Hillside location. It is not the pur-
pose of this risk assessment to address occupational hazards
posed by on-site contaminants, but rather to address‘potential
hazards to nonworker populations. However, it may be noted that
worker exposure, if any, is expected to be extremely limited.
Workers currently are not exposed to media containing high con-
taminant concentrations (i.e., groundwater). Exposure to other
contaminated media (i.e., surface water and soil) is possible,
although limited, and contaminant concentrations in these media
are low. Groundwater is not currently used at the Plant and
there are no workers who routinely have direct skin contact with
the soil. Similarly, the site-adjacent surface waters (South
Interceptor Ditch and Woman Creek) are not currently used, nor
do workers routinely have direct contact with these surface
waters. Some worker exposure may occur through the inhalation of
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fugitive dusts generated from contaminated soil. Based on the
reported soil contaminant concentrations, contaminant exposure
through inhalation would be expected to be very low.1 Workers
who might potentially come into contact with contaminated media
on a regular basis, such as individuals engaged in on-site
investigations or remedial activities, are adequately protected -
by health and safety procedures.

There 1s no evidence to suggest that contaminants from the 881.
-Hillside 1location are currently reaching nonworker popula-
tions. Groundwater contamination with organics is still
restricted to the immediate vicinity of the site. The nearest
registered2 off-site downgradient wells whose presence could
be verified are located approximately 2.6 miles from the 881
Hillside location. The nearest downstream surface water with a
known usage 1is Standley Lake, located approximately 4 miles
from the Plant boundary. Site-related surface water contamina-
tion, if any, appears to be limited to slightly increased
concentrations of some metals (see Tables 2-1 through 2-3;
Supplement A). These increases are expected to have no measur-
able impacts on Standley Lake due to the relatively 1low
contaminant concentrations at the site, the distance to the
lake, and the dilution of the contaminants as they flow towards
the lake. ‘

lalthough this risk assessment does not directly address

worker hazards, the risks posed by the inhalation of on-site
airborne contaminants and dermal contact with soil will be
covered as part of the evaluation of a hypothetical future
on-site scenario (see Section 4.2.1). This scenario which
assumes that individuals reside at the site provides
upper-bound risk estimates associated with dermal and
inhalation exposure to contaminants on site. Risk to workers
would be expected to be lower because of less frequent contact.

2Colorado State Engineer's Office.
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Nonworker exposure through 1inhalation is also extremely
unlikely. As mentioned above, soil contaminant concentrations
are relatively 1low, and the nearest residence to the 881
Hillside is located at a distance of 2.1 miles. Any inhalation
exposure 1s expected to be negligible.

4.1.2 Future Exposed Populations

A risk assessment must not only evaluate the current potential
for exposure, but must also consider possible future exposure
situations. To assess future risks posed by contaminants at the
881 Hillside location, a scenario involving a suburban housing
development was chosen to represent possible future land usage.
Two scenarios were addressed. The first, a "worst case" scenario
(Scenario A), assumes that at some time in the future the Plant
will be closed and residential houses will be constructed over
the former 881 Hillside. The second scenario, Scenario B,
assumes that housing will be constructed hydrologically down-
gradient of the Plant at the Plant boundary. Scenario B repre-
sents a "more-likely case" scenario. Future land usage in the
area will depend upon numerous factors, including possible
legalized land use restrictions. The scenarios used in this
risk assessment must thus be viewed as possibilities, but not
necessarily probabilitiesl. Because of the lack of current
receptor populations (see Section 4.1.1), the remainder of this
exposure evaluation and the risk characterization that follows
will address the potential risks associated with these two
hypothetical exposure scenarios.

1The selection of a hou51ng development and the two exposure
scenarios (i.e., on-site and at the Plant boundary) as a basis
from which to model potential future risks was agreed upon by
representatives of U.S. EPA-Region VIII, the Colorado
Department of Health, and Rockwell Internatlonal at a meetlng
on November 9, 1987, at the offices of U.S. EPA-Region VIII in
Denver, Colorado.
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Several potential exposure routes which were considered the
most likely means of contaminant exposure in a suburban

residential setting were evaluated for each scenario. The
routes included: )

. Use of groundwater as a drinking water source.
. Showering/bathing with groundwater.
L Ingestion of vegetables from home gardens irrigated

with groundwater.

° Inhalation of fugitive dusts.
L Dermal contact with soil/surface water.
o Soil ingestion.

All of these potential exposure routes were assessed for
Scenario A. Because groundwater movement is considered to be
the only critical migration pathway at the 881 Hillside area
(see Section 3.2), only those exposure routes associated with
groundwater usage (i.e., drinking water ingestion,
showering/bathing, vegetable ingestion) were addressed for

Scenario B, which assumes that potential exposure occurs at the
Plant boundary.

Because the flow in Woman Creek and the South Interceptor Ditch
is intermittent, potential exposure to contaminants through
future use of these surface waters as a drinking water source,
for showering/bathing, or for watering home gardens is highly
unlikely. Therefore potential contaminant exposure through
these surface water mediated routes was not addressed in this
assessment. A
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4.2 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

4.2.1 Scenario A - On-Site

-

Scenario A assumes that the exposed individuals are residing at
the 881 Hillside location and that no changes in contaminant
concentrations, as reported in Section 1.0, have occurred. Two
exposure situations, the maximally and average exposed individ-
ual, were considered.

For the maximally exposed individual, the exposure point
concentrations and estimated contaminant intakes are based on
the maximum concentration of each of the indicator chemicals
that was reported in on-site groundwater and soil samples. This
scenaric will be used to evaluate the worst case risks poten-
tially posed by contaminants at the 881 Hillside. For the
average exposed individual, exposure concentrations and intakes
are based on the average reported concentrations. This scenario
is used to evaluate risks potentially posed by a more typical
exposure situation.

It was assumed in Scenario A that the alluvial groundwater is
used for domestic purposes. Based on information gathered during
the remedial investigation at the 881 Hillside 1location, it is
unlikely that the alluvial groundwater could yield sufficient
quantities of water to make it a practical water source (Rock-
well International, 1988). However, data from the alluvial
groundwater were used in preference to the bedrock data for two
reasons: 1) the alluvial groundwater contains higher concen-
trations of contaminants than the bedrock, representing a more
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conservative estimate of exposure; and 2) the alluvial ground-
water will be used to model the off-site migration of con-
taminants through the groundwater (see Section 4.2.2).1

The maximum and average contaminant concentrations that are
used to estimate contaminant intakes (Section 4.3) are summar-
ized in Table 4-1. Sampling data for the uranium isotopes in
alluvial groundwater and soil are reported as pCi/l and pCi/g,
respectively (Tables 2-10 and 2-13). Because noncarcinogenic
risk will be eval- uated in terms of intakes expressed in
mg/kg/day, these data are also expressed as mg/l and xng/kg;
respectively, (HEW, 1970). The concentrations and activities of
the individual uranium isotopes (i.e., U-233, 234, U-235, U-238)
were added teo give total uranium concentrations and activities.

4.2.2 Scenario B - Plant Boundary

Scenario B assumes that the potentially exposed individuals are
residing at the Plant boundary hydrologically downgradient of
the 881 Hillside 1location. The transport of contaminants
through the groundwater has been selected as the contaminant
migration pathway of concern at the 881 Hillside 1location
(Section 3.2). Therefore, potential exposure to contaminants in
Scenario B depends upon potential groundwater contaminant
concentrations at the boundary.

Based on available hydrogeological information, it is estimated
that the maximum contaminant concentrations that could poten-
tially reach the alluvial groundwater at the plant boundary

lThere is insufficient hydrogeologic data to model the bed-

rock water bearing zone at the site. In addition, according to
Resource Conservation and Recovery Act (RCRA) guidelines,
modeling should be performed on the shallowest aquifer (40 CFR,
265, 264).
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. Table 4-1

Exposure Point Concentrations Used in the
Estimation of Contaminant Intakes - Scenarjo A

Alluvial
Groundwater Soil
(mg/1) {mg/kg)
Indicator Chemical Average Maximum Average Maximum
Organics
Bis(2-ethylhexyl)phthalate Na NA 1.24 7.21
Carbon Tetrachloride 0.83 28.00 0.008 0.008
1,2-Dichloroethane 0.506 16.00 0.008 0.01
1,1—Dichloroethene 3.78 43.00 0.008 0.008
t-1,2-Dichloroethene 0.125 5.07 0.008 0.018
H ‘ ~ Tetrachloroethene 1.09 13.20 0.013 0.19
) Trichloroethene 4.15 72.00 0.011  0.15
5 Inorganics
Nickel 0.080 0.438 13.0 71.0
Selenium 0.276 2.10 0.49 0.49
Strontium 1.00 2.42 66.0 209
5 Radionuclides
Fe
Uranium {(total) 0.036 0.113 3.14 6.73
' (22.5 (63.6 (1.85E+03 (4.1E+03
pCisl) pCi/l) pCi/kg) pCi/kg)

NA = Not'applicable. Contaminant not reported above minimum
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would be approximately 1/38 of the contaminant concentrations
present in the alluvial groundwater beneath the 881 Hillside
location. This estimate assumes that no physical or chemical
process (e.g., volatilization, sorption), other tlran dilution,
would attenuate the groundwater contaminant concentrations as
the contaminants migrate from the site to the boundary.

It has also been estimated that it would take between 80 and
200 years for the maximum contaminant concentrations (i.e.,
1/38 of the on-site concentrations) to reach the property
boundary. Approximately 1/2 of the maximum contaminant con-
centrations (i.e., 0.5 x 1/38 of the on-site concentrations) is
expected to reach the plant boundary in approximately 80 years.

The approach and assumptions used in predicting the potential
contaminant concentrations and migration times are presented in
Supplement E. Details of the hydrogeology of the site are
presented in Section 5 of the Remedial Investigation Report.

Based on the predicted dilution factor of 38, potential
exposure concentrations for Scenario B were estimated by
dividing the average and maximum groundwater concentrations for
Scenario A (Table 4-1) by 38. The exposure concentrations that
were used to asssess potential risk for Scenario B are
summarized in Table 4-2.

4.3 ESTIMATION OF CONTAMINANT INTAKES

The following is a description of the methodologies used in the
estimation of the average daily intake of each indicator

- chemical through the exposure routes listed in Section 4.1.2.
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Table 4-2

Exposure Point Concentrations Used in the
Estimation of Contaminant Intakes -~ Scenario B

Groundwater
(mg/1)

Indicator Chemical Average Maximum
Qrganics
Bis(2-ethylhexyl)phthalate NA NA
Carbon Tetrachloride 2.18E-02 7.37E~-01
1,2-Dichloroethane 1.33E-02 | 4.21E-01
1,1-Dichloroethene 9.95E-02 1.26E+00
t-1,2-Dichloroethene 3.29E-03 1.33E-01
Tetrachloroethene 2.87E-02 3.47E-01
Trichloroethene 1.09E-01 1.89E+00
Inorganics
Nickel ) 2.11E-03 1.15E-02
Selenium 7.26E-03 5.53E-02
Strontium ' . 2.63E-02 6.37E-02
Radionuclides
Uranium (mg/1) 9.47E-04 2.97E-03

NA = Not applicable. Contaminant not reported above minimum
detection limit in any on-site sample from this medium.
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Intakes were calculated for both adults and children. Children
are considered to be a potentially sensitive subpopulation for
three reasons: 1) children may be more vulnerable than adults
to the toxic effects of some chemicals due to differences in
their ability to absorb, metabolize, and/or excrete these
substances; 2) their behavioral patterns may result in increased
exposure; and 3) children are in a formative stage, and bone-
seeking chemicals (e.g., uranium) have a longer retention
period than in adults. Two exposure routes which are
potentially of greater concern in children than in adults are
soil ingestion and dermal absorption. Children may consume
greater quantities of outdoor soil than adults due to their
tendency to place their fingers and/or other objects which have
come into contact with soil into their mouths. Dermal
absorption through soil or surface water contact may also be of
greater concern. in children than in adults since children
regularly play outside during the warmer months of the year.

Contaminant intakes for children were based on exposure factors
estimated for a child aged 1-6 years. This is the age group
most likely to exhibit pica (ingestion of nonfood materials)
and, therefore, the most likely to be subject to additional
exposure. Calculated contaminant intakes for adults and
children were expressed as mg/kg (body weight)/day. A 70 kg
body weight was used for adults and a 15 kg body weight was
used for children (La Goy, 1987).

4.3.1 Drinking Water

Daily contaminant intakes resulting from drinking water inges-
tion were calculated using the following equation:

Contaminant Volume of Water Groundwater
Intake Through = Ingested X Contaminant
Drinking Water Concentration
Ingestion (1/day) (mg/1)

(mg/kg/day) .
, Body Weight (kg)
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It was assumed that an adult consumes 2 liters of water/day and
that a child consumes 1 liter/day (NRC, 1986).

The estimated drinking water contaminant intakes for Scenarios
A and B are summarized in Tables 4-3 and 4-4, respectively.
Drinking water intakes were calculated for all indicator chemi-
cals except bis(2-ethylhexyl)phthalate. Bis(2-ethylhexyl)phtha-
late has not been reported above EPA minimum detection limits
in groundwater samples downgradient of the 881 Hillside
location (Rockwell International, 1986).

4.3.2 Showering/Bathing

The domestic use of groundwater can potentially result in con-
taminant exposure not only through use as a drinking water
source, but also through other water uses such as bathing,
showering, and cooking. Of particular potential concern is
exposure to volatile organics through inhalation as a result of
prolonged hot showers. The combination of elevated temperature
and the spray from the shower head could result in high vapor
concentrations, particularly in confined areas such as an
enclosed shower. The elevated temperature would also be expected
to facilitate dermal absorption. It has been estimated that the
amount of wvolatile organics absorbed by an adult through the
inhalation of enclosed shower air could be equivalent to that
absorbed through drinking water ingestion (Cothern et al.,
1986). Similarly, the National Research Council has suggested
that until definitive data are developed, that it be assumed
that daily contaminant intake through "other" groundwater usages
is equal to the daily intake through drinking water ingestion
(NRC, 1986). Therefore, it was assumed in this exposure evalua-
tion that the daily intakes of volatile organics through non-
ingestion usages of groundwater were equal to those calculated
for drinking water (Tables 4-3 and 4-4).
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Table 4-3

Daily Contaminant Intakes Through
Drinking Water Ingestion - Scenario A

(mg/kg/day) -
Adult Child
Indicator Chemical Average = Maximum Average Maximum
Organics
Carbon tetrachloride 2.37E-02 8.00E-01 5.53E-02 1.87E+00
1,2-Dichloroethane 1.45E-02 4.57E-01 3.37E-02 1.07E+00
1,1-Dichloroethene 1.08E-01 1.37E+00 2.52E-Q01 3.20E+00
t-1,2-Dichlorocethene 3.57E-03 1.45£-01 8.33E-03 3.38E-01
Tetrachloroethene 3.11E-02 3.77E-01 7.27E-02 8.80E-01
Trichloroethene 1.19E-01 2.06E+00 2.77E-01 4.80E+QO
Inorganics
Nickel 2.29E-03 1.25E-02 5.33E-03 2.92E-02
Selenium 7.89E-03 6.00E-02 1.84E-02 1.40E-01
Strontium 2.86E-02 6.91E-02 6.67E-02 1.61E-0Q1
Radiocnuclides
Uranium (total) 1.03E-03 3.23E-03 2.40E-03 7.53E-03
4-12
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Daily Contaminant

Table 4-4

Intakes Through

Drinking Water ingestion - Scenario B.

(mg/kg/day)

Adult Child
Indicator Chemical Average Maximum Average Max imum
Organics
Carbon tetrachloride 6.24E-04 2.11E-02 1.46E-03  4.91E-02
1,2-Dichlorocethane 3.80E-04 1.20E-02 8.88E-04 2.81E-02
1,1-Dichloroethene 2.84E-03 3.61E-02 6.63E-03 8§.42E-02
t-1,2-Dichlorcethene 9.40E-05 3.81E-03 2.19E-04 8.89E-03
Tetrachloroethene 8.20E-04 9.92E-03 1.91E-03 2.32E-02
Trichlorocethene 3.12E-03 5.41E-02 7.28E-03 1.26E-01
Inorganics
Nickel 6.02E-05 . 3.29E-04 1.40E-04 7.68E-04
Selenium 2.08E-04 1.58E-03 4.834E-04° 3.68E-03
Strontium 7.52E-04 1.82E-03 1.75E-03 4.25E-03
Radionuclides
Uranium (total) 2.71E-05 8.50E-05 6.32E-05 1.98E-04

4-13

25388



Estimated daily contaminant intakes through showering/bathing
and other noningestion groundwater usages are summarized for
Scenarios A and B in Tables 4-5 and 4-6, respectively. Inhala-
tion and dermal absorption of the metals and radionuclides
present in the groundwater would be expected to be negligible
during showering/bathing since these substances are not
volatilized and they do not readily pass across the skin. Thus,

the noningestion groundwater exposure routes were not addressed
for these chemicals.

4.3.3 Vegetable Ingestion

Two locally-grown food crops were chosen to represent the
potential for the intake of contaminants through the ingestion
of home-grown vegetables that are irrigated with contaminated
groundwater. Carrots were selected to represent a root vegeta-
bles and lettuce was selected to represent a leafy végetable.

Of the indicator chemicals identified in groundwater samples,
only selenium, strontium, and uranium are considered to be of
potential concern through vegetable 1ingestion. Evidence is
lacking for the biocaccumulation of the volatile organics in
natural foodchains. The amount of volatile organics that could
potentially be 1ingested through vegetable consumption is
expected to be negligible in comparison to other exposure
routes such as drinking water ingestion. Therefore, the intake
of the volatile organic indicator chemicals through vegetable
ingestion is not considered in this assessment.

The potential average daily intake of contaminants through
vegetable ingestion was estimated using the following equations:
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Daily Contaminant

Table 4-5

Intakes Through

Showering/Bathing - Scenario A

(mg/kg/day)
Adult Child

Indicator Chemical Average Maximum Average Maximum
Organics

Carbon tetrachloride 2.37E-02 8.00E-01 5.53E-02 1.87E+00
1,2-Dichloroethane 1.45E-02 4.57E-01 3.37E-02 1.07E+00
1,1-Dichloroethene 1.08E-01 1.37E+00 2.52E-01 3.20E+00
t-1,2-Dichloroethene 3.57E-03 1.45E-01 8.,33E-03 3.38E-01
Tetrachloroethene 3.11E-02 3.77E-01 7.27E-02 8.80E-01
Trichloroethene 1.19E-01 2.06E+00 2.77E-01 4.80E+00
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Table 4-6

Daily Contaminant Intakes Through
Showering/Bathing - Scenario B

(mg/kg/day)

Adult Child
Indicator Chemical Average Maximum Average  Maximum
Organics
Carbon tetrachloride 6.24E-04 2.11E-02 1.46E-03 4.91E-02
1,2-Dichloroethane 3.80E-04 1,20E-02 8.88E-04 2.81E-02
1,1-Dichloroethene 2.84E-03 3.61E-02 6.63E-03 8.42E-02
t-1,2-Dichlorcethene 9.40E-05 3.81E-03 2.19E-04 8.89E-03
Tetrachloroethene 8.20E-04 9.92E-03 1.91E-03 2.32E-02
Trichlorocethene 3.12E-03 5.41lE-02 7.28E-03 1.26E-01
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Contaminant Contaminant Contaminant

Intake Through = Intake Through + Intake Through
Vegetable Carrot Lettuce
Ingestion Ingestion Ingestion
(mg/kg/day) (mg/kg/day) (mg/kg/day)
where,
Contaminant Carrot/Lettuce Carrot/Lettuce
Intake Through = Contaminant X Ingestion Rate
Carrot/Lettuce Concentration (kg vegetable/
Ingestion (mg/kg vegetable) kg/day)

(mg/kg/day)

The approach used in determining contaminant concentrations in
vegetables is described in Supplement D. The carrot and lettuce
ingestion rates for adults and children were based upon data
for ingestion of leafy vegetables and root vegetables (kg dry
weight/day) by adult males agéd 25 to 65 years, and children
aged 2 years, respectively (EPA, 1986b). These data were
adjusted by converting to kg wet weight (Baes, et al, 1984) and
by assuming that 50 percent of the carrots and lettuce consumed
during the year were homegrown. It is expected that a typical
suburban household grows a smaller percentage of its vegetables
than a rural household. Rural households have been reported to
grow approximately 60 percent of their wvegetables (EPA, 1986Db).
The average daily ingestion rate of carrots was estimated to be
3.11E-04 kg carrots/kg/day for children and 1.21E-04 kg
carrots/kg/day for adults. For lettuce, the 1ingestion rates
were estimated to be 4.82E-04 kg lettuce/kg/day for children
and 3.35E-04 kg lettuce/kg/day for adults.

The estimated daily intakes of contaminants through wvegetable
ingestion are summarized for Scenario A in Tables 4-7 (adult)
and 4-8 (child). Estimated daily intakes for Scenario B are
presented in Tables 4-9 (adult) and 4-10 (child).

4-17
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Table 4-7

Daily Contaminant Intakes Through Vegetable Consumption

Scenario A - Adult

(mg/kg/day) i
Average Maximum
Indicator Chemical Carrots Lettuce Total Carrots Lettuce Total
Inorganics
Nickel 1.82E-04 5.03E-04 6.85E-04 9.92E-04 2.75E-03 3.74E-03
Selenium 2.52E-04 6.98E-04 9.50E-04 1.91E-03 5.28E-03 7.19E-03
Strontium 3.06E-03 8.46E-02 8.77E-02 8.88E-03 2.46E-01 2.55E-01
Radionuclides
Uranium (total) 9.36E-06 5.51E-05 6.45E-05 2.79E-05 1.64E-04 1.92E-04
4-18
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Table 4-8

Daily Contaminant Intakes Through Vegetable Consumption

Scenario A -~ Chiid

(mg/kg/day) .
Average Maximum
Indicator Chemical Carrots Lettuce Total Carrots Lettuce Total
Inorganics
Nickel 4.67E-04 7.23E-04 1.19E-03 2.55E-03 3.95E-03 6.50E-03
Selenium 6.485-04 1.00E-03 1.65E-03 4.91E-03 7.60E-03 1.25E-02
Strontium 7.86E-03 1.22E-01 1.30E-01 2.29E-02 3.54E-01 3.77E-01
Radionuclides
Uranium (total) 2.41E-05 7.92E-05 1.03E-04 7.17E-05 2.36E-04 3.08E-04
4-19
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Table 4-9

Daily Contaminant Intakes Through Vegetable Consumption
Scenario B - Adult
(mg/kg/day)

-

Indicator Average

Chemical Carrots

Lettuce

Maximum

Total Carrots

Lettuce ' Total

Inorganics

Nickel 9.67E-05
Selenium 8.07E-06
Strontium 2,02E-03
Radionuclides

Uranium 1.73E-06
(total)

2.68E-04

2.24E-05

5.60E-02

1.02E-05

3.65E-04 5.28E-04

3.05E-05 5.16E-05

5.80E-02 6.39E-03

1.19E-05 3.90E-06

1.46E-03 1.99E-03

1.43E-04 1.95E-04

1.772-01 1,.83E-01

2.30E-05 2.69E-05
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Table 4-10

Daily Contaminant Intakes Through Vegetable Consumption
Scenario B - Child
(mg/kg/day)

-

Indicator ' Average

Chemical Carrots

Lettuce

Maximum

Total Carrots

Lettuce Total

Inorganics

Nickel 2.49E-04
Selenium 2.08E-05
Strontium 5.21E-03

Radionuclides

Uranium 4.44E-06
(total)

3.85E-04

3.22E-05

8.06E-02

1.46E-05

6.34E-04 1.36E-03

5.30E-05 1.33E-04

8.58E-02 1.64E-02

1.90E-05 1.00E-05

2.10E-03 3.46E-03

2.06E-04 3.39E-04

2.55E-01 2.71E-01

3.31E-05 4.31E-05
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4.3.4 1Inhalation of Fugitive Dusts

To determine potential contaminant intakes through the inhala-
tion of fugitive dusts, the following equation was used:

Contaminant Soil Concentration Breathing

Intake = Contaminant x of Ambient X Rate X 1076
Through Concentration Airborne (m3/day) kg/mg
Dust (mg/kqg) Particles '
Inhalation (mg/m3)

(mg/kg/day)

Body Weight (kg)

The average concentration of ambient airborne particles is
assumed to be 0.017 mg/m3. This is the mean concentration of
particles less than 2.5 microns in diameter reported for a
rural setting (EPA, 1982). It is assumed that the suspended
airborne particles have the same relative contaminant concen-
trations as the soil. This approach also conservatively assumes
that 100 percent of the inhaled contaminants are absorbable.
Breathing rates of 20 m3/day (EPA, 1986) and 5 m3/day

(NCRP, 1984 and EPA, 1986) were used for the adult and child,
respectively.

Estimates of contaminant intakes through dust inhalation are
summarized for Scenario A in Table 4-11. It should be noted
that for the fugitive dust and other soil related exposure
pathways (i.e., dermal contact and soil ingestion), the average
and maximum soil concentrations used in the estimation of daily
contaminant intakes are based upon the analysis of composite
soil samples that were collected at depths of up to 10 feet.
The concentrations of the indicator chemicals at the soil
surface are not known. Although it is unlikely that measurable
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Table 4-11

Daily Contaminant Intakes Through Fugitive

Dust Inhalation - Scenario A
(mg/kg/day) -
Adult Child
Indicator Chemical Average Maximum Average Max imum
Organics
bis(2-ethylhexyl)- 6.02E-09 3.50E-08 7.03E-09 4.09E-08
phthalate
Carbon tetrachloride 3.89E-11 3.89E-11 4.53E-11 4.53E-11
1,2-Dichlorcethane 3.89E-11 4.86E-11 4.53E-11 5.67E-11
1,1-Dichloroethene 3.89E-11 3.89E-11 4.53E-11 4.53E-11
t-l,Z-Dichloroetﬁene 3.89E-11 8.74E-11 4.53E-11 1.02E-10
Tetrachloroethene 6.31E-11 9.23E-10 7.37E-11 1.08E-09
Trichloroethene 5.34E-11 7.29E-10 6.23E-11 8.50E-10
Inorganics
Nickel 6.31E-08 3.45E-07 7.37E-08 4.02E-07
Selenium © 2.38E-09 2.38E-09 2.78E-09 2.78E-09
Strontium 3.21E-07 1.02E-06 3.74E-07 1.18E-06
Radionuclides
Uranium (total) 1.53E-08 3.27E-08 1.78E-08 3.81E-08
4-23
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quantities of volatile organics are present in surface soil
(see Section 3.2), it is conservatively assumed in this risk
analysis that the concentrations of volatile organics measured
in the composite soil samples are potentially représentativé of
surface soil concentrations as well.

4.3.5 Dermal Contact

Dermal absorption of contaminants might potentially occur
through contact with groundwater, surface water, or soil.
Dermal contact with groundwater was addressed in Section :.3.2.
Dermal contact with surface water is not an exposure route of
concern in this case. Metals were the only indicator chemicals
identified above detection 1limits in surface water samples.
Due to the relative impermeability of the skin to these metals,
occasional dermal contact with surface water would be expected
to result in negligible absorption. Therefore, only dermal

contact with soil was addressed as an exposure route in this
section.

The average daily intakel of contaminants resulting from

dermal contact with soil was estimated using the following
formula:

Contaminant No. of Exposures/ Amt. of Contami-
Intake Through year ‘ X nant Absorbed X 1 year/
Dermal Contact = Exposure 365 days
(mg/kg/day)
Body Weight (kg)
where,
Amount of Soil Amt. of Soil
Contaminant = Concen- =x Adhering to x Fractional x 10-6
- Absorbed/ tration Skin/Exposure Absorption kg/mg
Exposure (mg/kg)

laveraged over a one year period.

4-24
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Table A-3

Toxicity Constants used in Determining

Indicator Scores?

Noncarcinogenic Carcinogenic
Effects Effects?
Water Soil Water Soil

Chemical (1/mqg) (kg/mg) (1/mg) (kg/mg)
Metals

Antimony 4.30E+00 2.17E-04 - -
Barium 4.08E+00 2.04E-04 - ———
Cadmium 4.45E+00 2.23E-04 NC NC
Copper 7.14E-01 3.57E-05 -—— -—-
Mercury 1.84E+01 9.21E-04 -——— -—
Nickel 4,26E+00 2.13E-04 NC NC
Selenium 1.05E+02 5.26E-03 - -
Silver 2.00E+00 NA -—— —-_—
Vanadium 1.43E-01 7.14E-06 -——— -
Zinc 1.07E-01 5.33E-06 - _——
Crganics
Aroclor-1254 NA NC 5.71E-01 2.86E-05
bis(2-ethylhexyl)

phthalate NA NC 5.71E-04 2,.86E-08
2-Butanone 7.75E-03 3.87E-07 -~ -—-
Carbon tetrachloride 3.17E-01 NA 1.88E+00 NA
Chloroform NC NA 5.63E-02 NA
1,2-Dichloroethane 1.76E-02 8.80E-07 5.86E-02 2.93E-06
1,1-Dichloroethene 3.71E-01 1.86E-05 1.23E-01 6.14E-06
t-1,2-Dichloroethene 5.29E-02 2.65E-06 -— -
Di-n-butyl phthalate NA 1.90E-06 -——- -—
Methylene chloride 9.20E-04 4.60E-08 NC NC
PAH (as B(a)P) Na 1.33E-03 NA 2.28E-04
Tetrachloroethene 9.62E-03 4,.81E-07 8.86E-03 4.43E-07
Toluene 5.20E-03 2.60E-07 -— -—
1,1,1-Trichloroethane 7.33E-04 3.67E-08 -—— -
1,1,2-Trichloroethane NC NC 1.03E-02 5.14E-07
Trichloroethene 1.05E+00 5.26E-05 4,29E-03 2.14E-07
NA = Not applicable. Substance not reported above detection limits

in this medium. Toxicity constant may or may not be available.

NC

limits in this medium.

ly.s. EPA, 1986a

No constant available., Substance was reported above detection

2A dash (-) indicates the substance is not a potential carcinogen.

25398
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Table A-4

Top-Ranking Contaminants Based on
Indicator Scores

Noncarcinogenic Effects Carcinogenic Effects
Selenium Carbon tetrachloride
Antimony 1,1-Dichloroethene
Trichloroethene 1,2-Dichloroethane
1,1-Dichlorcethene Trichloroethene
Barium Tetrachloroethene
Nickel

Carbon Tetrachloride
Zinc
t-1,2-Dichloroethene
Mercury
Tetrachloroethene

Cadmium

1 Listed in order of rank from highest to lowest based on
average concentrations.
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Table A-5

Chemicals Detected Above Background for which
Toxicity Constants Were Not Available

-

Metals
Aluminum
Beryllium
Chromium
Iron
Manganese

Strontium

Organics

Acetone

Bromomethane
Dibromochloroethane
di-n-octyl phthalate
4-Methyl-2-pentanone

N-nitrosodiphenylamine

2539B



Table A-6

Reasons for Not Including Substances Among the
Top Ranked for Noncarcinogenic Effects
as Indicator Chemicals

Antimony

Not reported above background in surface water or soil
samples.

Reported above background in only one alluvial well
(69-86) in 1986 Phase II samples only; not reported
above background in four quarters of 1987.

Average bedrock groundwater concentration (0.03 mg/l)
only slightly above average background concentration
(0.021 mg/1). '

Not reported above background in alluvial groundwater
samples.

Average bedrock groundwater concentration (0.121 mg/1l)
only slightly above average background concentration
(0.103 mg/1).

Not detected above minimum detection 1limit in surface
water samples.

Not reported above background in groundwater or soil
samples.

Reported slightly above background (0.006 mg/l vs.
0.0025 mg/l) in one surface water sample from the
interceptor ditch in 1987; was below minimum detection
limit in 1986 and later 1987 samples from the ditch
and in all samples from Woman Creek.

2539B



Table A-6
(continued)

Mercury

Zinc

Not reported above background in surface water or
groundwater samples.

Average soil concentration (0.179 mg/kg) not unusual
for soils in general (0.17 average) or clayey soills
(0.13 av.) (Kabata-Pendias and Pendias, 1984).

Low toxicity.

Reported above background in one Interceptor Ditch
sample in 1986; not reported in 1987 sample from the
ditch or in two 1987 samples from Woman Creek.

Average alluvial groundwater concentration (0.055
mg/1l) only slightly above average background concen-
tration (0.044 mg/l); not above background in bedrock
groundwater; groundwater concentrations do not exceed
Federal Secondary Maximum Contaminant Level of 5 mg/l.

Average soil concentration (54 mg/kg) only slightly
above average background (32.7 mg/kg).
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Table A-7

Reasons for Not Including Contaminants Among Those Without

Toxicity Constants as iIndicator Chemicals

Aluminum

Inorganics

Low toxicity.

Reported above background in one 1986 surface water
sample from the Interceptor Ditch; was below minimum
detection limit in 1987 samples from the Interceptor
Ditch and Woman Creek.

Average concentrations in alluvial and bedrock wells
(0.150 mg/1l and 0.328 mg/l, respectively), were only
slightly above average background (0.128 mg/l and
0.107 mg/1l, respectively).

Beryllium

Chromium

Iron

Not reported above background in soil or groundwater
samples.

Insufficient surface water data; was reported above
background in one 1986 sample from the Interceptor
Ditch; has not been assayed since.

Not reported above background in surface water or
alluvial groundwater samples.

Average concentration in soil samples only slightly
above average background samples (12 mg/kg vs 9.3
mg/kg) .

Average concentration in bedrock groundwater only
slightly above average background (0.13 mg/l vs 0.006
mg/1l). A

Low toxicity.

Not reported above background in surface water or
alluvial well samples. '

2539B
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Table A-7
(continued)

Average concentration 1in Dbedrock groundwater only
slightly above average background (0.197 vs 0.063
mg/l); concentrations do not exceed Federal Secondary
Maximum Contaminant Level of 300 mg/l).

Average concentration in soil is only slightly above
average background (15,171 mg/kg vs 10,719 mg/kg).

Manganese

Acetone

Low toxicity.

Not reported above background in soil samples.

Average alluvial groundwater concentration only
slightly above average background (0.144 vs 0.076
mg/1l).

Low concentrations (0.037 mg/l1 and 0.070 mg/l) reported
in surface water samples from the Interceptor Ditch;

not detected above minimum detection 1limit in samples
from Woman Creek.

Organics

Low toxicity.

Not detected above minimum detection 1limit in surface
water samples.

Common 1laboratory contaminant; reported in soil and
groundwater laboratory blanks.

Bromomethane

Not detected above minimum detection limit in ground-
water or surface water samples.

Reported at a 1low concentration (estimated at 6.0
ug/kg) in only one soil sample; not detected above the
minimum detection limit in 90 soil samples.

2539B

A-9



Table A-7
(continued)

Dibromochloromethane

Not detected above minimum detection 1limit in ground-
water or surface water samples.

Reported at a low concentration (estimated at 1 ug/kg)
in only one soil sample; not detected above the minimum
detection limit in 90 soil samples.

Di-n-octyl phthalate

Low toxicity.

Not detected above minimum detection 1limit in ground-
water or surface water samples.

Will be represented in the risk analysis by bis-
(2-ethylhexyl) phthalate, which 1is more toxic and
which was identified in more soil samples and at
higher concentrations than di-n-butyl phthalate.

4-methyl-2-pentanone

Low toxicity.

Not detected above minimum detection limit in ground-
water or surface water samples.

Reported in only one soil sample at 68 ug/kg; was
below the minimum detection limit in 90 soil samples.

N N-nitrosodiphenylamine

Not detected above minimum detection 1limit in
groundwater or surface water samples.

Low average soil concentration (78 ug/kg).

Will be represented in the risk analysis by bis
(2-ethylhexyl) phthalate which is similar in being a
carcinogenic organic compound detected only in on-site
soil samples; bis (2-ethylhexyl) phthalate was reported
at higher concentrations and was identified in more
soil samples than N-nitrosodiphenylamine.

25398
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TOXICITY PROFILES OF THE INDICATOR CHEMICALS

-

The following sections contain toxicity profiles of the indicator chemicals that
were chosen for the 881 Hillside location. The profiles provide information
concerning adverse effects associated with these substances and the dosage levels at
which they occur. The lowest concentrations at which toxic effects have been
reported are stressed. These summaries are not intended to be exhaustive accounts of
the toxicological literature, but rather to give a general picture of the toxic effects of
these substances.

ABBREVIATIONS/DEFINITIONS

ACGIH American Conference of Governmental Industrial Hygienists

AADI Adjusted Acceptable Daily Intake: calculated from an ADI by
factoring in the weight of the consumer and the amount of water
consumed per day.

ADI Acceptable Daily Intake: a no-effect level for noncarcinogenic
effects based on chronic/lifetime exposure.

AIC Acceptable Chronic Intake: a no-effect level for noncarcinogenic
effects developed by a process similar to that of ADI
determination.

AIS Acceptable Subchronic Intake: a no-effect level for subchronic
exposure developed by a process similar to that of ADI
development.

Carcinogenic The additional risk of cancer posed by the ingestion of one mg

Potency of a substance per kg of body weight per day over a lifetime.

Factor

HA Health Advisory: nonregulatory drinking water concentration

which, if ingested over a specified period of time will not result .
in noncarcinogenic effects.

MCL Maximum Contaminant Level: enforceable standard-- for public
drinking water supplies set by the U.S. EPA.

MCLG Maximum Contaminant Level Goal: nonenforceable health goals-
-protective against adverse health effects.

OSHA Occupational Safety and Health Administration

PEL Permissible Exposure Limit: acceptable worker exposure level.

831 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 1, SUPPLEMENT B, PAGE B-1



RfD

SNARL

TLV-STEL

TLV-TWA

Reference Dose: estimate of a long-term daily exposure that is
uniikely to cause noncarcinogenic effects.
Suggested-No-Adverse-Response-Level:  no-effect level recom-
mended by the National Academy of Science’s Safe Drinking
Water Committee for a specific exposure duration.

Threshold Limit Value--Short Term Exposure Limit: fifteen-
minute, time-weighted average which should not be exceeded at
any time during a work day.

Threshold Limit Value--Time-Weighted Average: the time-
weighted average concentration for an eight-hour workday,
forty-hour work week, to which workers may be exposed
indefinitely without adverse effect.
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BIS(2-ETHYLHEXYL)PHTHALATE (DEHP)

1.0 PHYSICO/CHEMICAL PROPERTIES (Clayton and Clayton, 1981)

Molecular Weight 390.54

Vapor Pressure 1.2 mm Hg (200°C)
Boiling Point 230°C (5 mm Hg)
Melting Point -50°C

2.0 TOXICOLOGICAL EFFECTS

DEHP has a low acute toxicity. Long-term exposure can affect the liver. High
doses may cause toxicity to reproductive organs.

2.1 Noncarcinogenic Effects

2.1.1 Acute

Animal

DEHP has a low acute toxicity. The main acute effect is mild irritation at the
site of administration (NAS, 1986). Oral LD oS of approximately 30 g/kg have been
reported in rats and rabbits; dermal LDgqs ot5 greater than 10 to 25 mg/kg have been
observed in guinea pigs and rabbits (Clayton and Clayton, 1981; U.S. EPA, 1980).

2.1.2 Subchronic

Animal

Liver enlargement has been observed in rats that were administered DEHP in
corn oil at 2,000 mg/kg/day for 21 days (Lake, et al.,, 1975). Changes in liver enzyme
activity and alterations in subcellular morphology (increase in microbodies, swelling
of the smooth endoplasmic reticulum) were also noted. Increased liver size and an
increase in the smooth endoplasmic reticulum were also reported in rats fed 5,000
ppm DEHP in their diet for 35 or 49 days (Daniel and Bratt, 1974).

Numerous studies have indicated adverse effects of high doses of DEHP on the
testes of rodents. Testicular atrophy has been reported in rats fed 0.2 percent DEHP
for 90 days or 1.0 percent DEHP for two weeks (Carter, et al.,, 1977) and in rats dosed

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 1, SUPPLEMENT B, PAGE B-3



with approximately 0.9 and 1.9 g/kg/day for 90 days (Shaffer, et al,, 1945). A slight
decrease in growth was noted in the Shaffer study in animals dosed at 0.4 to 1.9
g/kg/day.

Decreases in testicular weight have also been seen in rats fed 2 percent DEHP
in their diet (approximately 1,200 mg/kg/day) for 6 or 17 weeks (Gray, et al., 1977).
Histological changes were noted at concentrations as low as 0.2 percent. Testicular
sensitivity appears to be age dependent. Testicular lesions have been found in four
and ten week old rats fed 2 percent DEHP in the diet, but not in 15 week old rats
(Gray and Butterworth, 1980). Male rats fed DEHP in their diet at 5,000 and 20,000
ppm for 60 days exhibited a decrease in total body weight and decreased weight of
the testes, epididymis, and prostrate; a decreased sperm count and an increase in
abnormal sperm were noted in the 20,000 ppm group (Agarwal, et al., 1985).

Decreases in the weight of female reproductive organs have also been reported
in rodents exposed to high doses of DEHP. Decreased ovary weights were observed in
female rats fed 2 percent DEHP in their diet for 17 weeks, although no histological
changes were noted (Gray, et al, 1977). Decreases in uterine and ovarian weights and
suppression of fertility occurred in female mice exposed to 0.3 percent DEHP in the
diet for 18 weeks (Reel, et al., 1985).

2.1.3 Chronic

Animal

Liver enlargement is a consistent finding in animals that have been chronically
exposed to DEHP. Increased liver size has been reported in guinea pigs fed 0.04 and
0.13 percent DEHP in their diet for one year (Carpenter, et al., 1953). An increase in
both kidney and liver size was seen in rats that received 0.5 percent DEHP in their
feed for three and six months (Harris, et al., 1956) and in parental and first
generation rats that had received 0.4 percent DEHP in their feed for two and one
years, respectively (Carpenter, et al., 1953).

Decreased body weight has been seen in rats fed 0.5 percent DEHP in their
feed for up to two years (Harris, et al,, 1956) and in rats fed 0.35 percent DEHP in
their feed for 1 year (Nikonorow, et al., 1973).

2.1.4 Teratogenicity

Because of the ubiquity of DEHP, the teratogenic potential of DEHP has been
the subject of numerous reproductive studies (see NAS, 1986, for a review). A few of
the oral studies are summarized below.

Teratogenic and fetotoxic effects have been produced in laboratory animals at
dosages much higher than those that would normally be ingested by humans or those
that would be expected to result from clinical practices (e.g., intravenous
administration of blood products stored in containers that were manufactured using
DEHP as a plasticizer). A decrease in fetal body weight and increased resorptions
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were observed in the pups of rat dams that were orally administered 340 or 1,700
mg/kg/day DEHP throughout gestation (Nikonorow, et al, 1973). Gross and skeletal
abnormalities were seen in fetuses when pregnant mice were given 2,450 or 7,360
mg/kg DEHP on day 7 or 8 of gestation. Doses of 4,905 or 9,810 mg/kg on day 7
resulted in 100 percent fetal mortality (Yagi, et al,, 1980). In a study in which DEHP
was administered in the diet at 70 to 2,200 mg/kg/day, decreased maternal weight
gain and increased fetal resorptions were seen in all treatment groups (Shista, et al,
1980). One hundred percent mortality was observed in the 830 and 2,200 mg/kg/day
groups. An increase in neural tube malformations and other defects were reported in
the 830 mg/kg/day group.

2.2 Mutagenicitv and Carcinogenicity

DEHP has been classified by the US. EPA’s Carcinogen Assessment Group as a
category B, carcinogen (ie., sufficient evidence of carcinogenicity in animals and
inadequate data in humans). DEHP has been shown to produce liver tumors in rats
and mice when exposed by the oral route (NTP, 1983). It has also been reported to
have second stage promoting activity and weak complete promoting activity in Sencar
mouse skin, but to be inactive as a promoter in CD! mice (Ward, et al., 1986).

DEHP has been extensively tested for mutagenicity in short-term tests.
However, positive results have been reported in only a few cases. It has been
observed to be a weak inducer of sister chlorinated exchange, to induce aneuploidy in

cell cultures, and to induce cell transformation in the Syrian hamster embryo (NAS,
1986). :

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 Oral
RfD 2.00 x 102 mg/kg/day  (US. EPA, 1986)
Carcinogenic 9.84 x 1074 (mg/kg/day)'l (US. EPA, 1986)

Potency Factor

3.2 Inhalation
TLV-TWA 5 mg/m3 (ACGIH, 1987) -
TLV-STEL 10 mg/m3 (ACGIH, 1987)

40 REFERENCES

ACGIH (American Conference of Governmental Industrial Hygienists), 1987.

Threshold Limit Values and Biological Exposure Indices for 1987-1988.
Cincinnati: ACGIH.

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 1, SUPPLEMENT B, PAGE B-5



W

For adults, dermal contact with soil is assumed to occur during
gardening or other yard work activities. Adults are assumed to
work in their yards on an average of two times per week over a
S-month period (May to September), resulting in approximately
45 exposures per year. The amount of soil adhering to skin per
exposure has been reported to range from 0.5 to 1.5 mg soil/
cm2 skin (Schaum, 1984). For the purposes of these calcula-
tions, the maximum value was used. Only the hands and arms are
assumed to be exposed to soil during gardening and yard work.
An arm and hand surface area of 3,190 cm2, the figure for an
average adult male, was adopted from Anderson (1985). This
yields a value of 4,785 mg for the amount of soil adhering to
the skin per exposure.

For the young child, dermal contact with soil is assumed to
take place during play. Children are assumed to have arm and
hand exposure to contaminated soil approximately 5 days per
week during the warmer months of the year (May to September).
As for the adults, a maximum of 1.5 mg soil/cm2 was assumed
to adhere to the skin (Schaum, 1984). The area of exposed skin,
averaged for 1 to 6 year olds, was calculated to be approxi-
mately 1,480 cm2 (Anderson, 1985). This yields ‘a value of
2,220 mg for the quantity of soil that adheres to the skin per
exposure. Of the indicator chemicals contained in on-site soil
samples, only the organics would be anticipated to be of
potential concern through dermal absorption. Metals, including
the radioisotopes of uranium, although presumably present in
surface soils, do not readily penetrate the skin.

Because chemicals that are adsorbed to soil are not readily
absorbed through the skin, the estimates of dermal intake must
be adjusted for the fraction of the chemical that may be
absorbed. There is insufficient data to project the levels of
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the organic indicator chemicals that may be absorbed through
the skin. Limited data are available, however, for the percent
dermal absorption of other organics. Poiger and Schlatter
(1980) have calculated that 0.3 to 3 percent of dioxins/furans
and chlorinated pesticides that are present in a soil matrix
are -absorbed through the skin during a single exposure.
Feldmann and Maibach (1970) estimate that 3 to 7 percent of
polycyclic aromatic hydrocarbons (PAH) are absorbed per
exposure. The highest absorption factor that has been reported
(7 percent) is assumed in the calculation of dermal intakes for
the organic indicator chemicals. '

Estimated contaminant intakes through dermal absorption are
summarized for Scenario A in Table 4-12.

4.3.6 Soil Ingestion

Soil ingestion is a potentially significant route of contami-
nant exposure for children aged 1 to 6 years. Ingestion can
occur indirectly by placing dirt covered hands or objects in
the mouth or, in some cases, directly by eating the soil
(pica). The potential for the oral intake of contaminants
through soil ingestion is lower for adults than for children.
Hand-to-mouth contact occurs less frequently and pica would be
expected to be rare.

The average daily intake! of contaminants through soil inges-
tion was calculated using the following equation:

Contaminant No. of Soil Soil

Intake = Exposures/ x Contaminant x Ingestion x 1 year/ x 106
Through year Concentra- Rate 365 days kg/mg
Soil tion (mg/kg) (mg/day)

Ingestion

(mg/kg/day) Body Weight (kg)

laveraged over a one year period.
4-26
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Table 4-12

Daily Contaminant Intakes Through

Dermal Absorption Scenario A

(mg/kg/day)
Adult Child

Indicator Chemical Average Maximum Average Maximum
Organic

bis{(2-ethylhexyl) 7.15E-07 4.16E-06 3.87E-06 2.25E-05

phthalate
Carbon tetrachloride 4.61E-09 4.61E-09 2.50E-08 2.50E-08
1,2-Dichloroethane 4,.61E-09 5.77E-09 2.50E-08 3.12E-08
1,1-Dichlorocethene 4.61E-09 4.61E-09 2.50E-08 2.50E-08
t-1,2-Dichloroethene 4.61E-09 1.04E-08 2,.50E-08 5.62E-08
Tetrachloroethene 7.50E-09 ‘1.10E-07 4.06E-08 5.933—07
Trichloroethene 6.35E-09 8.65E-08 3.43E-08 4.68E-07
4-27

25388



W

It was assumed that the number of cpportunities for contaminant
exposure through soil ingestion was the same as that for dermal
soil contact (i.e., during the warmer months of the year [May
to September] adults might indirectly ingest soil 2 days per
week and children might ingest soil 5 days per week). An aver-
age soil ingestion rate of 100 mg/day was assumed for children,
25 mg/day for adults (La Goy, 1987). It should be recognized
that children exhibiting habitual pica can be expected to
ingest greater quantities of soil, possibly as high as 5,000 .
mg/day (La Goy, 1987). However, such individuals would be
expected to comprise only a very small percentage of the
population.

Estimates of contaminant intakes through soil ingestion are
summarized for Scenario A in Table 4-13.

4.3.7 Summary of Estimated Contaminant Intakes

Estimated contaminant intakes through all exposure routes are
summarized for the maximally and average exposed child and
adult in Scenario A in Tables 4-13 through 4-17. Estimates of
contaminant intakes through all Scenario B potential exposure
routes are summarized in Tables 4-18 through 4-21.
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Daily Contaminant

Table 4-13

Intakes

Through Soil Ingestion-Scenario A .
(mg/kg/day)
Adult Child
Indicator Chemical Average Maximum Average Max imum
Organics
bis(2-ethylhexyl) 5.34E-08 3.10E-07 2.49E-06 1.45E-05
phthalate
Carbon tetrachloride 3.44E-10 3.44E-10 1.61E-08 1.61E-08
1,2-Dichloroethane 3.44E-10 4.31E-10 1.61E-08 2.01E-08
1,1-Dichlorcethene .3.44E-10 3.44E-10 1.61E-08 1.61E-08
t-1,2-Dichloroethene 3.44E-10 7.75E-10 1.16E-08 3.62E-08
Tetrachloroethene 5.60E-10 8.18E-09 2.61E-08 3.82E-07-
Trichloroethene 4.74E-10 6.46E-09 2.21E-08 3.01E-07
Inorganics
Nickel 5.60E-07 3.06E-06 2.61E-0S 1.43E-04
Selenium 2.11E-08 2.11E-08 9.84E-07 9.84E-07
Strontium 2.84E-06 9.00E-06 1.33E-04 4.20E-04
Radionuclides
Uranium (total) 1.35E-07 2.90E-07 6.31E-06 1.35E-05
4-29
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Estimation of Contaminant
(mg/kg/day)

Table 4-14

Scenario A (On-Site)

Iintakes

Average Exposed Adult

Inhalation
Drinking Showering/ Vegetable of Fugitive Dermal Soil
Indicator Chemical Water Bathing Ingestion Dust Contact Ingestion
Organics
bis(2-ethylhexyl) NA Na NA 6.02E-09 7.15E-07 5.34E-08
phthalate
Carbon tetrachloride 2.37E-02 2.37E-02 NA 3.89E-11 4.61E-09 3.44E-10
1,2-Dichloroethane '1.45E-02 1.45E-02 NA 3.89E-11 4.61E-09 3.44E-10
1,1-Dichloroethene 1.08E-01 1.08E-01 NA 3.89E-11 4.61E-09 3.44E-10
t-1,2-Dichloroethene 3.57E-03 3.57E-03 NA 3.89E-11 4.61E-09 3.44E-10
Tetrachloroethene 3.11E-02 3.11E-02 NA 6.31E-11 7.50E-09 5.60E-10
Trichloroethene 1.19E-01 1.19E-01 NA 5.34E-11 6.35E-09 4.74E-10
Inorganics
Nickel ‘ 2.29E-03 Na 6.85E-04 6.31E-08 NA 5.60E-07
Selenium 7.89E-03 Na 9.50E-04 2.38E-09 NA 2.11E—08%
Strontium 2.86E-02 NA 8.77E-02 3.21E-07 NA 2.84E-06
Radionuclides
Uranium (total 1.03E-03 NA 6.45E-05 1.53E-08 NA 1.35E-07
NA = Not applicable
4-30

2538B



Estimation of Contaminant
(mg/kg/day)

Tablie 4-15

Scenario A (On-Site)

Intakes

Maximal |y Exposed Adult

-

Inhalation
Drinking Showering/ Vegetable of Fugitive Dermal Soil
Indicator Chemical Water Bathing Ingestion Dust Contact Ingestion
Organics
bis(2-ethylhexyl) NA NA NA 3.50E-08 4.16E-06 3.10E-07
phthalate
Carbon tetrachloride 8.00E-01 8.00E—01 NA 3.98E-11 4.16E-09 3.44E-10
1,2-Dichloroethane 4.57TE-01 4.57E-01 NA 4.86E-11 5.77E-09 4.31E-10
1,1-Dichloroethene 1.37E+00 1.37E+00 NA 3.89E-11 4.61E-09 3.44E-10
t-1,2-Dichloroethene 1.45E-01 1,45E-01 NA 8.74E-11 1.04E-08 7.75E-10
Tetrachloroethene 3.77e-01 3.77E-01 NA 9.23E-10 1.10E-07 8.18E-09
Trichloroethene 2.06E+00 2.06E+00 NA 7.29E-10 B8.65E-08 6.46E-09
Inorganics
Nickel 1.25E-02 NA 3.74E-03 3.45E-07 NA 3.06E-06
Selenium 6.00E-02 NA 7.19E-03 2.38E-09 NA 2.11E-08
Strontium 6.91E-02 NA 2,55E-01 7.02E-06 Na 9.00E-06
Radionuclides
Uranium (total) 3.23E-03 NA 1.92E-04 3.27E-08 NA 2.90E507
NA = Not applicable
4-31
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Table 4-16

Estimation of Contaminant Intakes
(mg/kg/day)
Scenario A (On-Site)
Average Exposed Child
Inhalation
Drinking Showering/ Vegetable of Fugitive Dermal Soil
Indicator Chemical Water Bathing Ingestion Dust Contact Ingestion
Organics
bis(2-ethylhexyl) NA NA NA 7.03E-09 3.87E-06 2.49E-06
phthalate
Carbon tetrachloride 5.53E-02 5.53E-02 NA 4,.53E-11 2.50E-08 1.61E-08
1,2-Dichlorcethane -3.37E-02 3.37E-02 NA 4.53E-11 2.50E-08 1.61E-08
1,1-Dichloroethene 2.52E-01 2.52E-01 NA 4.53E-11 2.S50E-08 1.61E-08
t-1,2-Dichloroethene 8.33E-03 8.33E-03 NA 4.53E-11 2.50E-08 1.61E-08
Tetrachloroethene 7.27E-02 7.27E-02 NA 7.37E-11 4.06E-08 2.61E-08
Trichloroethene 2.77E-01 2.77E-01 Na 6.23E-11 3.43E-08 2.21E-08
Inorganics
Nickel 5.33E-03 Na 1.19E-03 7.37E-08 NA 2.61E-05
Selenium 1.84E-02 NA 1.65E-03 2.78E-09 NA 9.84E-07
Strontium 6.67E-02 NA 1.30E-01 3.74E-07 NA 1.33E-04
Radionuclides
Uranium (total) 2.40E-03 NA 1.03E-04 1.78E-08 NA 6.31E-06
NA = Not applicable
4-32
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Table 4-17

Estimation of Contaminant
(mg/kg/day)

Scenario A (On-Site)

Intakes .

Maximally Exposed Child

Inhalation .
Drinking Showering/ Vegetable of Fugitive Dermal Soil
Indicator Chemical Water Bathing Ingestion Dust Contact Ingestion
Organics
bis(2-ethylhexyl) Na NA NA 4.09E-08 2.25E-05 1.453E-0S
phthalate
Carbon tetrachloride 1.87E+00 1.87E+00 NA 4.53E-11 2.50E-08 1.61E-08
1,2-Dichloroethane 1.07E+00 1.07E+00 NA 5.67E-11 3.12E-08 2.01E-08
1,1-Dichloroethene 3.20E+00 3.20QE+00 NA 4.53E-11 2.50E-68 1.61E-08
t-1,2-Dichloroethene 3.38E-01 3.38E-Q1 NA 1.02E-10 5.62E-08 3.62E-08
Tetrachloroethene 8.80E-01 8.80E-01 NA 1.08E-09 ©5.93E-07 3.82E-Q7
Trichloroethene 4.80E+00 4.80E+00 NA 8.50E-10 4.68E-07 3.01E-Q7
Inorganics
Nickel 2.92E-02 NA 6.50E-03 4.02E-07 NA 1.43E-04—
Selenium 1.40E-01 NA 1.25E-02 2,78E-09 NA 9.84E-07
Strontium 1.61E-01 NA 3.77E-01 1.18E-06 NA 4.20E-04
Radionuclides |
Uranium (totla) 7.53E-03 NAa 3.08E-04 3.81E-08 NA 1.35E-05
NA = Not applicable
4-33
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Table 4-18

Estimation of Contaminant Intakes

(mg/kg/day)

Scenario B (Off-Site)
Average Exposed Adult

Drinking Showering/ Vegetable
Indicator Chemical Water Bathing Ingestion
Organics
bis(2-ethylhexyl) NA NA

phthalate
Carbon tetrachloride 6.24E-04 6.24E-04 NA
1,2-Dichloroethane 3.80E-04 3.80E-04 NA
1,1-Dichlorocethene 2.84E-03 2.84E-03 NA
t-1,2-Dichloroethene 9.40E-05 9.40E-05 NA
Tetrachloroethene 8.20E-04 8.20E-04 NA
Trichloroethene 3.12E-03 3.12E-03 NA
Inorganics
Nickel 6.02E-05 Na 3.65E-04
Seleniﬁm 2.08E-04 NAa 3.05E-05
Strontium 7.52E-04 NA 5.80E-02
Radionuclides
Uranium (total) 2.71E-05 NA 1.19E-05
NA = Not applicable
4-34
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Estimation of Contaminant

Table 4-19

(mg/kg/day)
Scenario B (0ff-Site)

Intakes

Maximally Exposed Adult

Drinking Showering/ Vegetable
Indicator Chemical Water Bathing Ingestion
Organics
bis(2-ethylhexyl) NA NA NA

phthalate
Carbon tetrachloride 2.11E-02 2.11E-02 NA
1,2-Dichloroethane 1.20E-02 1.20E-02 Na
1,1—Dichloroetheﬁe 3.61E-02 3.61E-02 NA
t-1,2-Dichloroethene 3.81E-03 3.81E-03 NA
Tetrachloroethene 9.92E-03 9.92E-03 NA
Trichloroethene 5.41E-02 5.41E-02 NA
Inoréanics
Nickel 3.29E-04 NA 1.99E-03
Selenium 1.58E-03 NA 1.95E~-04
Strontium 1.82E-03 NA 1.83E-01
Radionuclides
Uranium (total) 8.50E-05 NA 2.69E-05
NA = Not applicable
4-35
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Table 4-20
Estimation of Contaminant Intakes
(mg/kg/day)

Scenario B (Off-Site)
Average Exposed Child

Drinking Showering/ Vegetable
Indicator Chemical Water Bathing Ingestion
Organics
bis(2-ethylhexyl) NA NA NA

phthalate
Carbon tetrachloride 1.46E-03 1.46E-03 NA
1,2—Dichloroethane 8.88E-04 8.88E-04 NA
1,1-Dichloroethene 6.63E-03 6.63E-03 NA
t-1,2-Dichloroethene 2.19E-04 2.19E-04 NA
Tetrachloroethene 1.91E-03 1.91E-03 NA
Trichloroethene 7.28E-03 7.28E-03 NA
Inorgaﬁics
Nickel 1.40E-04 NA 6.34E-04
Selenium 4.84E-04 NA 5.30E-05
Strontium 1.75-03 NA 8.58E-02
Rédionuclides
Uranium (total) 6.32E-05 NA 1.90E-05
NA = Not applicable
4-36

2538B



Table 4-21

Estimation of Contaminant Intakes

(mg/kg/day)

Scenario B (Off-Site)
Maximally Exposed Child

Drinking Showering/ Vegetable
Indicator Chemical Water Bathing Ingestion
Organics
bis(2-ethylhexyl) NA NA NA

phthalate
Carbon tetrachloride 4 .91E-02 4.91E-02 NA
1,2-Dichloroethane 2.81E-02 2.81E-02 NA
1,1-Dichloroethene 8.42E-02 8.42E-02 NA
t-1,2-Dichloroethene 8.89E-03 8.89E-03 NA
Tetrachloroethene 2.32E-02 2.32E-02 NA
Trichloroethene 1.26E-01 1.26E-01 NA
Indrganics
\\\\
Nickel 7.68E-04 NA 3.46E-03
Selenium 3.68E-03 NA 3.39E-04
Strontium 4.25E-03 NA 2.71E-01
Radionuclides
Uranium (total) 1.98E-04 NA 4.31E-05
NA = Not applicable
4-37
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SECTION 5

RISK CHARACTERIZATION -

In this section, potential carcinogenic and noncarcinogenic
risks are evaluated based on the daily contaminant intakes
estimated in Section 4.0. Of the 13 indicator chemicals, six
organics, nickel and wuranium are evaluated for carcinogenic
risk. In addition, all of the indicator chemicals are assessed
for possible noncarcinogenic risk. Following these evaluations,
the wuncertainties associated with the risk assessment are
addressed.

5.1 CARCINOGENIC RISK

§.1.1 Organics

‘The carcinogenic risk posed by exposure to a chemical depends

upon three factors; dosage, the carcinogenic potency of the
chemical, and the exposure duration. The dosages (estimated
daily intakes) for the carcinogenic indicator chemicals (i.e.,
the six organics and uranium ) were determined in Section 4 and
summarized in Tables 4-14 through 4-21., The potency of each of
the carcinogens, expressed as a carcinogenic potency factor, is
presented in Table 5-1.

It should be noted that the carcinogenic potency of a substance
depends, in part, upon its route of entry into the body (e.q.,
ingestion, inhalation, or dermal). Therefore, potency factors
are classified according to the route of administration that is
applicable to the experimental or epidemiological data from
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- Health Effects Constants
for Determination of Carcinogenic Risk

Table 5-1

Carcinogenic Potenc

¥ Factorl

Indicator (mg/kg/day)~

Chemicals Oral Route Inhalation Route
Qrganics
bis(2-ethylhexyl)phthalate 6.84E-04 NC
Carbon tetrachloride 1.30E-01 NC
1,2-Dichloroethane 9.10E-02 3.50E-02
1,1-Dichlorcethene 5.80E-01 1.16E+00
Tetrachloroethene 5.10E-02 1.70E-03
Trichlorocethene 1.10E-02 4.60E-03
Inorganics
Nickel NA 1.19E+00
NA = Not applicable.

nu

NC No constant available.

lReference: Superfund Public Health Evaluation Manual (EPA,

1986a).
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which they were derived. The EPA has developed potency factors
for the oral and/or inhalation routes £for some carcinogens

(EPA, 1986a). Dermal potency factors have not been derived for
any chemicals. ) '

Oral carcinogenic potency factors have been developed for all
of the carcinogenic 1indicator chemicals and inhalation car-
cinogenic potency factors have been developed for all of the
indicator chemicals with the exceptions of carbon tetrachloride
and bis(2-ethylhexyl)phthalate. In those cases where a route
specific carcinogenic potency factor was not available (i.e.,
dermal and/or inhalation routes) the oral potency factor was
used in the calculation of carcinogenic risk.

The length of exposure to a chemical must also be taken into
account in the calculation of carcinogenic risk since carcino-
genic potency factors are based on an exposure duration of 70
years (average lifetime exposure), and carcinogenic risk is
assumed to be proportional to exposure duration. In this analy-
sis, carcinogenic risk was first calculated separately for the
child and for the adult. Total lifetime risk was then estimated
by adding the childhood and adulthood risks. For the sake of
simplicity, it was assumed that during a 70-year lifetime an
individual is exposed to each chemical for 5 years as a child
(based on daily contaminant intakes estimated for a child aged
1 to 6 years) and for 65 years as an adult (based on daily
contaminant intakes estimated for an adult).

The equations used in the determination of the carcinogenic

risk posed by each contaminant through each exposure route are
as follows:

Lifetime Childhood Adult
Carcinogenic = Risk + Risk
Risk
5-3
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where,

Childhood/ Daily Carcinogenic Exposure

Adult = Contaminant X Potency X Duration

Risk Intake Factor Adjdstment
(mg/kg/day) (mg/kg/day)'l

Exposure duration adjustments of 5/70 and 65/70 were applied to
the calculation of childhood and adult risks, respectively. As
mentioned above, the adjustments are necessary to account for
exposure periods of less than 70 years. Estimates of carcino-
genic risk for the average and maximally exposed adult and
child in Scenarioc A are summarized in Tables 5-2 through 5-5
and in Tables 5-6 through 5-9 for Scenario B. Total lifetime
risk estimates for the average and maximally exposed indi-
viduals are shown in Tables 5-10 and 5-11 for Scenario A and in
Tables 5-12 and 5-13 for Scenario B. In each case, risks were
calculated for each contaminant, for each exposure pathway, and
for all contaminants through all pathways combined.

When evaluating the potential for carcinogenic risk through
nickel exposure, the only exposure pathway that was considered
was the inhalation of fugitive dust. Nickel is a known human
carcinogen by the inhalation route. However, evidence is
lacking for its carcinogenicity either in humans or animals
through the oral route. Oral animal carcinogenicity studies
have given negative results (EPA, 1987b).

5.1.2 Radionuclides

For determination of the probability of carcinogenesis £from
exposure to radionuclides, two ©pieces of information are
required: (1) an estimation of the radiation dose received;
and (2) a dose-risk model for estimation of the associated risk.

5-4
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Estimated Carcinogenic Risk - Scenario A

Table 5-2

Average Exposed Adult

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil _
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethylhexyl) NA Na Na 3.83E-12 4.54E-10 3.39E-11 4.92E-10
phthalate
Carbon tetra- 2.86E-03 2.86E-03 NA 4.69E-12 5.57E-10 4.16E-11 5.72E-03
chloride
1,2-Dichloro- 1.22E-03 1.22E-03 NA 3.28E-12 3.90E-10 2.91E-11 2.44E-03
ethane
1,1-Dichloro- 5.82E-02 5.82E-02 NA 2.09E-11 2.49E-09 1.85E-10 1.17E-01
ethene
Tetrachloro- 1.47E-03 1.47E-03 NA 2.99E-12 3.55E-10 2.65E-11 2.94E-03
ethene
Trichloro- 1.21E-03 1.21E-03 NA 5.46E-13 6.48E-11 4.84E-12 2.42E-03
ethene
Inorganics -
Nickel NA NA NA 6.98E-08 NA NA 6.98E-08
TOTAL 6.50E-02 6.50E-02 NA 6.98E-08 4.13E-09 3.21E-10 1.30E-0Q1
NA = Not applicable.
5-5
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Table 5-3
o |

Estimated Carcinogenic Risk - Scenario A
Maximally Exposed Adult

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive  Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethylhexyl) NA Na NA 2.22E-11 2.64E-09 1.97E-10 2.86E-09
phthalate
Carbon tetra- 9.66E-02 9.66E-02 NA 4.69E-12 5.57E-10 4.16E-11 1.93E-01
chloride ’
1,2-Dichloro- 3.86E-02 3.86E-02 NA 4.10E-12 4.87E-10 3.64E-11 7.72E-02
: ethane
: 1,1-Dichloro- 7.39E-01 7.39E-01 Na 2.09E-11 2.49E-09 1.85E-10 1.48E+00
) . ethene : : :
k Tetrachloro- 1.79E-02 1.79E-02 NA 4.37E-11 5.19E-09 3.87E-10 3.58E-02
ethene
Trichloro- 2.10E-02 2,10E-02 NA 7.44E-12 8.84E-10 6.60E-11 4.20E-02
ethene '
Inorganics
Nickel NA NA NA 3.81E-07 NA NA 3.81E-07
TOTAL 9.13E-01 9.13E-01 NA 3.81E-07 1.22E-08 9.13E-10 1.83E+00

NA = Not applicable.
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Estimated Carcinogenic Risk - Scenario A

Table 5-4

Average Exposed Child

-

2536B

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethylhexyl) NA Na NA 3.43E-13 1.89E-10 1.22E-10 3.1l1E-10
phthalate
Carbon tetra- 5.14E-04 5.14E-04 NA 4.21E-13 2.32E-10 1.49E-10 1.03E-03
chloride
1,2-Dichloro- 2.19E-04 2.19E-04 NA 2.95E-13 1.62E-10 1.04E-10 4.38E-04
ethane '
1,1-Dichloro- 1.04E-02 1.04E-02 NA 1.88E-12 1.03E-09 6.66E-10 2.08E-02
ethene
Tetrachloro- 2.65E-04 2.65E-04 NA 2.68E-13 1,48E-10 9.51E-10 5.30E-04
ethene
Trichloro- 2.17E-04 2.17E-04 Na 4.90E-14 2.70E-11 -1.74E-11 4.34E-04
ethene
Inorganics
Nickel NA NAa NA 6.26E-09 NA NA 6.26E-09
TOTAL 1.16E-02 1.16E-02 NA 6.26E-09 1.79E-09 1.15E-09 2.32E-0Q2
NA = Not applicable.
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Estimated Carcinogenic Risk - Scenario A

Table 5-5

Maximally Exposed Child

-

2539B

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethylhexyl) NA NA NAa 2.00E-12 1.10E-09 7.08E-10 1.81lE-09
phthalate
Carbon tetra- 1.73E-02 1.73E-02 NA 4.21E-13 2.32E-10 1.49E-10 3.46E-02
chloride
1,2-Dichloro- 6.93E-03 6.93E-03 Na 3.68E-13 2.03E-10 1.31E-10 1.39E-02
ethane :
1,1-Dichloro- 1.33E-01 1.33E-01 NA 1.88E-12 1.03E-09 6.66E-10 2.66E-01
‘ ethene
Tetrachloro- 3.21E-03 3.21E-03 NA 3.92E-12 2.16E-09 1.39E-09 6.42E-03
ethene
Trichloro- 3.77E-03 3.77E-03 NA 6.68E-13 3,68E-10 2.37E-10 7.54E-03
ethene
Inorganics
Nickel NA NA NA 3.42E-08 NA NA 3.42E-08
TOTAL 1.64E-01 1.64E-01 NA 3.42E-08 5.09E-09 3.28E-09 3.28E-01
.
NA = Not applicable.
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Table 5-6

Estimated Lifetime Carcinogenic Risk - Scenario B
Average Exposed Adult

-

Indicator Drinking Showering/ Vegetable

Chemical Water Bathing Ingestion Total

Organics

bis(2-ethylhexyl)  NA NA NA NA
phthalate

Carbon tetra- 7.35E-05 7.53E-05 NA 1.51E-04
chloride

1,2-Dichloro- 3.21E-05 3.21E-05 NA 6.42E-05
ethane '

1,1-Dichloro- 1.53E-03 1.53E-03 NA 3.06E-03
ethene '

Tetrachloro- 3.88E-05 3.88E-05 NA 7.76E-05
ethene

Trichloro- 3.19E-05 3.19E-05 NA 6.38E-05
ethene

Inorganics

Nickel NA NA NA NA
TOTAL 1.71E-03 1.71E-03 NA 3.42E-03

NA = Not applicable.
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Table 5-7

Estimated Lifetime Carcinogenic Risk - Scenario B
Maximally Exposed Adulit

-

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total
' Qrganics
bis(2-ethylhexyl) NA NA NA NA
phthalate
Carbon tetra- 2.54E-03 2.54E-03 NA 5.08E-03
chloride
1,2-Dichloro- 1.02E-03 1.02E-03 NA 2.04E-03
ethane
1,1-Dichloro- - 1.94E-02 1.94E-02 NA 3.88E-02
ethene
Tetrachloro- 4,70E-04  4.70E-04 NA 9.40E-04
ethene
Trichloro- 5.53E~-04 5.53E-04 NA 1.11E-03
ethene

Inorganics
Nickel Na NA NA NA

TOTAL 2.40E-02 2.40E-02 NA 4.80E-02

NA = Not applicable.
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Table 5-8

Estimated Lifetime Carcinogenic Risk - Scenario B

Average Exposed Child

-

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total

Organics

bis(2-ethylhexyl) NA NA NA NA
phthalate

Carbon tetra-— 1.35E-05 1.35E-05 NA . 70E-05
chloride

1,2-Dichloro- 5.77E-06 5.77E-06 NA .15E-05
ethane

1,1-Dichloro- - 2.75E-04 2.75E-04 NA .50E-04
ethene

Tetrachloro- 6.97E-06 6.97E-06 NA .39E-05
ethene

Trichloro- 5.72E-06 5.72E-06 NA .14E-05
ethene

Inorganics

Nickel NA NA NA NA
TOTAL 3.07E-04 3.07E-04 NA .14E-04

NA = Not applicable.
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Table 5-9

Estimated Lifetime Carcinogenic Risk - Scenario B

Maximally Exposed Child

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total

Organics

bis(2-ethylhexyl) NA NA NA NA
phthalate

Carbon tetra-— 4 .56E-04 4.56E-04 NA .12E-04
chloride

1,2-Dichloro- 1.82E-04 1.82E-04 NA .64E-04
ethane

1,1-Dichloro- ~ 3.49E-03 3.49E-03 NA .98E-06
ethene

Tetrachloro- 8.44E-05 8.44E-05 NA .68E-04
ethene

Trichloro- 9.92E-05 9.92E-05 NA .98E-04
ethene

Inorganics

Nickel NA NA NA NA
TOTAL 4,31E-03 4,31E-03 NA .62E-03

NA = Not applicable.
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Table 5-10

Average Exposed Individual

Estimated Lifetime Carcinogenic Risk - Scenario A

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethylhexyl) NA NA NA 4,.17E-12 6.43E-10 1.56E-10 8.03E-10
phthalate
Carbon tetra- 3.38E-03 3.38E-03 NA 5.11E-12 7.8%E-10 1.,91E-10 6.76E-03
chloride
1,2-Dichloro- 1.44E-03 1.44E-03 NA 3.58E-12 ©5.52E-10 1.34E-10 2,.88E-03
; ethane
?.l,l—Dichloro— 6.86E-02 6.86E-02 NA 2.28E-11 3.52E-09 8.51E—110 1.37E-01
¢ ethene
Tetrachloro- 1.74E-03 1.74E-03 NA 3.26E-12 5.03E-10 1.22E-10 3.48E-03
ethene
Trichloro- 1.43E-03 1.43E-03 NA 5.95E-13 9.18E-11 2,.22E-11 2.86E-03
ethene
Inorganics
Nickel NA NA NA 7.60E-08 NA NA 7.60E-08
;  TOTAL 7.66E-02 7.66E-02 NA 7.60E-08 6.10E-09 1.48E-09 1.53E-01
NA = Not applicable.
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Table 5-11

Estimated Lifetime Carcinogenic Risk - Scenario A
Maximally Exposed Individual

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total

Organics

bis(2-ethylhexyl) NA NA NA 2.42E-11 3.74E-09 9.05E-10 ‘4.673-09
phthalate

Carbon tetra- 1.14E-01 1.14E-01 NA 5.11E-12 7.89E-10 1.91E-10 2.28E-01
chloride

1,2-Dichloro- 4.56E-02 4.56E-02 NA 4.47E-12 6.90E-10 1.67E-10 9.12E-02
ethane

1,1-Dichloro- 8.71E~01 8.71E-01 NA 2,28E-11 3.52E-09 8.51E-10 1.74E+00
ethene

Tetrachloro-~ 2.11E-02 2.11E-02 NA 4,76E-11 7.35E-09 1.78E-09 4,22E-02
ethene

Trichloro- 2.48E-02 2.48E-02 NA 8.11E-12 1.25E-09 3.03E-10 4.96E-02
ethene

Inorganics

Nickel NA NA NA 4.15E-07 NA NA 4,15E-07
TOTAL 1.08E+00 1.08E+00 NA 4.15E-07 1.73E-08 4.20E-09 2.16E+00

NA = Not applicable.
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Table 5-12

Estimated Lifetime Carcinogenic Risk - Scenario B
Average Exposed Individual

-

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total
Organics
bis(2-ethylhexyl) NA NA NA NA
phthalate
Carbon tetra- 8.89E-Q5 8.89E-05 : NA 1.78E-04
chloride
1,2-Dichloro- 3.79E-05 3.79E-05 Na 7.58E-05
ethane
1,1-Dichloro- ~ 1,.81E-03 1.81E-03 NA 3.62E-03
ethene
Tetrachloro- 4.58E-05 4.58E-05 NA 9.16E-05
ethene
Trichloro- 3.76E-05 3.76E-05 Na 7.52E-05
ethene
Inorganics
Nickel NA NA NA NA
TOTAL 2.02E-03 2.02E-03 NA 4.04E-03

NA = Not applicable.

2539B



Table 5-13

Estimated Lifetime Carcinogenic Risk - Scenario B
Maximally Exposed Individual

-

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total
Organics
bis(2-ethylhexyl) NA NA NA NA
phthalate
Carbon tetra- 3.00E-03 3.00E-03 NA 6.00E-03
chloride
1,2-Dichloro- 1.20E-03 1.20E-03 NA 2.40E-03
ethane
1,1-Dichloro- - 2.29E-02 2.29E-02 NA 4,.58E-02
ethene
Tetrachloro- 5.54E-04 5.54E-04 ‘NA 1.11E-03
ethene
Trichloro- 6.52E~-04 6.52E—04‘ NA 1.30E-03
ethene
Inorganics
Nickel NA NA ' NA NA
TOTAL 2.83E-02 2.83E-02 NA 5.66E-02

NA = Not applicable.
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Bone is the major site for accumulation of ingested uranium.
Wrenn et al (1985) estimated that 66 percent of the total
uranium in the body is deposited in the skeleton. Because
uranium accumulates in the bone in a similar manner to radium
and emits alpha and gamma radiation, it is reasonable to assume
that it will lead to bone sarcoma as does radium. Table 5-14
presents the annual effective dose equivalent to bone and the
whole body for an individual exposed to both the average and
maximum uranium concentration in drinking water for Scenario A.
These values were calculated using the annual dose equivalent -
rates and weighting factors proposed by EPA (EPA, 1986c).

The EPA estimates the annual dose equivalent (i.e., the amount
of radiation absorbed as modified by factors which affect its
biological effectiveness) to different organs from uranium in
drinking water using the dosimetric models of ICRP Publication
30 (ICRP, 1979). The annual organ dose equivalent 1is then
converted to an effective whole body dose by multiplying the
organ dose equivalent by an organ weighting factor which
reflects the radiosensitivity of the particular organ. The EPA
has derived a set of organ weighting factors using data from
the BEIR III (Biologica1>Effects of Ionizing Radiation) Com-
mittee of the National Academy of Sciences. These weighting
 factors differ from those suggested by the ICRP. The different
values in the ICRP and EPA models are attributable primarily to
a number of different factors, including assumptions concerning
the calculations of weighting factors, different risk calcula-
tions, and possibly different health data (e.g., ICRP uses
world-wide health data whereas EPA uses data for the U.S.). The
ICRP uses a time span of 50 years for calculating the dose and-
associated risks from exposure to ionizing radiation. The EPA
uses a time span of 70 years. For this evaluation, the EPA
weighting factors are used to calculate the annual effective
dose equivalent. The annual effective dose equivalent for each
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‘ Table 5-14

Annual Effective Dose Equivalent (mrem/yr)
Scenario A, Drinking Water Pathway

Maximally Exposed Average Exposed
Individual Individual
Radionuclide Bone Whole body Bone Whole Body
U-234 1,76 2.93 0.72 1.20
U-235 0.08 0.13 0.03 0.05
U-238 1.91 3.30 0.58 0.96
TOTAL 3.75 6.36 1.33 2.21

. *Whole body annual effective dose equivalent includes bone.

| ‘ 5-18

2539B



organ 1is calculated by multiplying the annual dose equivalent
by the assigned weighting factor. The sum of the annual effec-
tive dose equivalents for each organ provides an estimate of
the total effect of the radiation on the body (ICRP, 1977).

Table 5-15 presents the annual effective dose equivalent to
bone for an individual who consumes garden vegetables irrigated
with water containing the mean and maximum uranium concen-
trations in water for Scenarioc A. These values were calculated
for consumption of crops irrigated with contaminated water
using the model found in U.S. Nuclear Requlatory Commission
Regulatory Guide 1.109 (USNRC, 1976). The dose equivalent
calculated by this model was then multiplied by the appropriate
organ weighting factor to obtain the annual effective dose
equivalent. The approaches used in determining carcinogenic
risk through vegetable ingestion are described Supplement E.

As stated previously, a dose-risk model must be used to esti-
mate the associated risk of damage from the exposure to the
contaminant. At levels above 100 rem total dose equivalent the
deleterious effects of exposure can usually be observed. For
low doses, there are no well demonstrated, observable adverse
effects. For the purposes of this evaluation a 1linear, no
threshold model was used to determine risk. This model extrap-
olates data from high dose equivalent to low dose equivalents
to estimate the risk of cancer.

The risk of bone sarcoma to the mean and maximally exposed
individuals in Scenario A due to ingestion of uranium contami-
nated drinking water are presented in Table 5-16. The risk was
calculated using the method described by the Committee on
Metabolism and Dosimetry of High LET Radionuclides at the
National Workshop on Radiocactivity in Drinking Water. This
workshop was held to advise the U.S. Environmental Protection
Agency's Office of Drinking Water. .
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Table 5-15

Annual Effective Dose Equivalent (mrem/yr)
Scenario A, Vegetable Ingestion Pathway

-

Maximally Exposed Average Exposed
Individual Individual
Radionuclide Bone Whole body Bone Whole Body
U-234 1.10 1.67 0.45 6.68
U-235 0.04 0.06 0.01 0.02
U-238 1.00 1.56 0.36 0.53
TOTAL 2.14 3.19 0.82 1.23

*Whole body annual effective dose equivalent includes bone.

Table 5-16

Lifetime Risk of Bone Sarcoma - Scenario A

Maximally Exposed Average Exposed

Individual Individual
Drinking Water 3.8E-05 1.4E-05
S Vegetable 2.0E-05 7.0E-06
Ingestion
TOTAL 5.8E-05 2.1E-05
5-20
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The average risk, per capita, of bone sarcoma can be related to

intake by the following formula assuming linearity of dose and
risk:

LR = (IC)k
where:
LR = per capita lifetime risk.
I = per capita average fluid intake in liters per day (2
1/day).
C = average concentration of Uranium isotopes in water

consumed (pCi/l).

k = lifetime risk of bone sarcoma induction from 1
pCi/day intake over a lifetime (3 x 107
sarcomas/pCi/day). ‘

Dose equivalents were also estimated for the fugitive dust
inhalation and soil ingestion pathways for Scenario A. These
doses were negligible by comparison to those estimated for the
drinking water and vegetable ingestion pathways and would pose
a relatively insignificant additional cancer risk. Estimates
of annual dose equivalents for the dust inhalation and soil
ingestion pathways are presented in Supplement F.

5.2 NONCARCINOGENIC RISK

Noncarcinogenic risk was evaluated by comparing predicted
contaminant daily intakes to health «criteria (acceptable
chronic intakes (AICs) or their equivalent) (EPA 1986a). It is
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important to note that the approach used in assessing potential
noncarcinogenic health effects, unlike the approach used in the
evaluation of carcinogenic risk in Section 5.1, is not a
measure of, and cannot be used to determine, quantitative risk
(i.e., it does not predict the relative likelihood of adverse
effects occurring). If the estimated daily intake of a contami-
nant exceeds the applicable health criterion (i.e., the ratio
exceeds one) it indicates that there is a potential for noncar-
cinogenic health effects occurring under the defined exposure
conditions. Because health criteria incorporate a margin of
safety, exceedance of a criterion does not necessarily indicate
that an adverse effect will occur.

Another difference between the evaluation of noncarcinogenic
and carcinogenic risk is that the noncarcinogenic risk analysis
does not take the duration of chronic exposure into considera-
tion. Although the acceptable chronic intakes (AICs) are based
upon a lifetime exposure, it is generally assumed that any
chronic exposure, regardless of the duration, might potentially
result in adverse effects if the health criterion is exceeded.
Therefore, the assessment of noncarcinogenic risk for the child
is carried out separately from, and is not additive to, the
assessment for the adult.

The differences in methodology used in assessing noncarcino-
genic and carcinogenic risk are based on the assumptions that .
noncarcinogenic health effects are threshold phenomena, whereas
carcinogenic risk is not. This approach for evaluating carcino-
genic risk conservatively assumes that for a carcinogen, expo-
sure to even a small number of molecules (possibly even a
single molecule) might potentially cause cellular changes that
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can result in cancer. For noncarcinogens, however, the assump-
tion is made that a threshold level of intake must be exceeded
before the potential exists for adverse health effects. AICs
are recommended thresholds which should not be exceeded.

The potential for noncarcinogenic health effects 1is posed by
all chemicals, both carcinogenic and noncarcinogenic. AICs for
four of the indicator chemicals (1,1-dichloroethene, tetrachlor-
oethene, selenium, and bis((2-ethylhexyl)phthalate were listed
in the Superfund Public Health Evaluation Manual (EPA, 1986a).

AIC-equivalents (i.e. estimates of a chronic daily exposure
that is not 1likely to cause carcinogenic effects) for the
remaining five indicator chemicals were found in other sources
or were developed from available data. Reference doses (Rfds)
were used for carbon tetrachloride t-1,2-dichloroethene and
trichloroethene (EPA, 1987c) and an Adjusted Acceptable Daily
Intake (AADI) was used for 1,2 dichloroethane (EPA, 1984). The
only chronic health criterion that was available for strontium
was an Acceptable Daily Intake (ADI) that has Dbeen suggested
for strontium sulfide (EPA, 1984). Based on this value and the
fact that strontium comprises 73.2 percent of strontium sul-
fide, an AIC-equivalent was derived for strontium. An AADI for
uranium was derived from an AADI of 60 ug/L for natural uranium
in drinking water (EPA, 1984), assuming the consumption of 2
liters of water per day and an adult body weight of 70 kg.

The AICs (and equivalents) used in this assessment are summar-
ized in Table 5-17. As in the case of carcinogenic potency
factors, AICs are also exposure route specific (i.e., they are
derived from data that reflect a particular exposure route and
are intended to be applied to exposure through that pathway).
Similarly, the EPA has derived oral and/or inhalation AICs for
some contaminants. With the exception of an inhalation AIC for
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Table 5-17

Health Effects Criteria
for Determination of Noncarcinogenic Effects

Acceptable Chronic Intake (AIC)1

Indicator (mg/kg/day)
Chemical Oral Route Inhalation Route
Organics
bis(2-ethylhexyl)phthalate 2.00E-02 NC
Carbon tetrachloride 7.00E-04 NC
1,2-Dichloroethane 7.43E-03 NC
1,1-Dichloroethene 9.00E-03 NC
t-1,2~-Dichloroethene 1.00E-02 NC
Tetrachloroethene 2.00E-02 NC
Trichloroethene 7.35E-03 NC
Inorganics
Selenium 3.00E-03 1.00E-03
Strontium 1.32E-02 NC
Radionuclides
Uranium (total) 1.71E-03 NC

lror the source of the AIC (or equivalent) see Section 5.2

NC = No constant available.
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selenium, inhalation and dermal AICs have not been developed
for any of the indicator chemicals. In these cases, contami-
nant intakes through the dermal and inhalation routes were
compared to the oral AIC.

The ratios of estimated daily intakes to AICs are summarized

for Scenario A (average and maximally exposed adult and child)

in Tables 5-18 through 5-21 and for Scenario B in Tables 5-22
through 5-25.

5.3 RESULTS

5.3.1 Potential Carcinogenic Risk

Based on the assumptions previously described in this report,
it is estimated that for Scenario A the total lifetime cancer
risk that may be posed to an individual as a result of exposure
to nonradiocactive chemicals 1is approximately 1.5 in 10
(1.53E-01) for the average individual (Table 5-10) and greater
than one (2.16E+00) for the maximally exposed individual (Table
5-11). Most of the risk is contributed by potential exposure to
the volatile organic compounds through drinking‘water ingestion
and showering/bathing. For Scenario B, the total lifetime risk
is estimated at approximately 4 in 1,000 (4.04E-03) for the
average exposed individual (Table 5-12) and approximately 6 in
100 (5.66E-02) for the maximally exposed individual (Table
5-16). All of the potential risk in Scenario B is contributed
by exposure to wvolatile organics through drinking water
ingestion and showering/bathing.
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Table 5-18

Ratios of Estimated Daily Intakes to Acceptable
Chronic Intakes - Scenario A
Average Exposed Adult

2539B

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethyl- NA NA NA 3.01E-07 3.58E-05 2.67E-06 3.87E-05
hexyl)phthalate
Carbon tetra- 3.39E+01 3.39E+01 NA 5.55E-03 6.59E-06 4.92E-07 6.78E+01
chloride '
1,2-Dichloro- 1.95E+00 1.95E+00 NA 5.23E-09 6.21E-07 4.64E}08 3.90E+00
ethane
1,1-Dichloro- 1.20E+01 1.20E+01 NA 4,32E-09 5.13E-07 3.83E-08 2.40E+01
ethene '
t-1,2-Dichloro- . .
ethene 3.57E-01 3,57E-01 NA 3.89E-09 4.61E-Q07 3.44E-08 7.14E-01
Tetrachloro- 1.56E+00 1.56E+00 NA 3.16E~09 3.75%E-07 2.80E-08 3.12E+00
ethene
Trichloro- 1.61E+01 1.61E+01 NA 7.27E-09 8.63E-07 6.44E-08 3.223:61
ethene
Inorganics
Nickel 2.29E-01 NA 6.85E-02 6.31E-06 NA 5.60E-05 2.98E-01
Selenium 2.63E+00 NA 3.17E-01 2,38E-06 NA 7.03E-06 2.95E+00
Strontium 2.16E+00 NA 6.64E+00 2.43E-05 NA 2.15E-04 8.80E+00
Radionuclides
‘ Uranium (total) 6.02E-01 NA 3.77E-02 8.92E-06 NA 7.91E-05 6.40E-01
TOTAL 7.68E+00 6.59E+01 7.07E+00 4.23E-05 4.53E-05 3.60E-04 8.12E+01
NA = Not applicable.
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Table 5-19

Ratios of Estimated Daily Intakes to Acceptable

Chronic

Intakes - Scenario A
Maximally Exposed Adult

-

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethyl- NA NAa Na 1.75E-06 2.08E-04 1.55E-05 2.25E-04
hexyl)phthalate
Carbon tetra- 1.14E+03 1.14E+03 NA 5.55E-08 6.59E-06 4.92E-07 2.28E+03
chloride ‘
1,2-Dichloro- 6.15E+01 6.15E+01 NA 6.54E-09 7.76E-07 5.79E-08 1.23E+02
ethane
1,1-Dichloro- 1.52E+02 1.52E+02 NA -4,32E-09 5.13E-07 3.83E-08 3.04E+02
ethene
t-1,2-Dichloro-
ethene 1.45E+01 1.45E+01 NA 8.74E-09 1.04E-06 7.75E-08 2.90E+01
Tetrachloro- 1.89E+01 1.89E+01 NAa 4.61E-08 5.48E-06 4.09E-07 3.78E+01
ethene
Trichloro- 2.80E+02 2.80E+02 Na 9.91E-08 1.18E-05 8.79E-07 5.60E+02
ethene
Inorganics
Nickel 1.25E+00 NA 3.74E-01 3.45E-05 NA 3.06E-04 1.62E+00
Selenium 2.00E+01 NA 2.40E+00 2.38E-06 NA 7.03E-06 2.24E+01
Strontium 5.24E+00 NA 1.93E+01 7.69E-05 NA 6.82E-04 2,45E+01
Radionuclides
Uranium (total) 1.89E+00 NA 1.12E-01 1,.91E-05 NA 1.69E-04 2.00E+01
TOTAL 1.70E+03 1.67E+03 2,22E+01 1,.35E-04 2.34E-04 1.18E-03 3.40E+03
NA = Not applicable.
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Table 5-20

Ratios of Estimated Daily Intakes to Acceptable
Chronic Intakes - Scenario A
Average Exposed Child

-

Inhalation
of
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion  Total
Organics
bis(2-ethyl- NA NA NA 3.51E-07 1.94E-04 1.25E-04 3.19E-04
hexyl)phthalate
Carbon tetra- 7.90E+01 7.90E+01 NA 6.48E-08 3.57E-05 2.30E-05 1.58E+02
chloride '
1,2-Dichloro- 4.54E+00 4.54E+00 NA 6.10E-09 3.36E-06 2.16E-06 9.08E+Q0
ethane
1,1-Dichloro- 2.80E+01 2.80E+01 Na 5.04E-09 2.78E-06 1.79E-06 5.60E+01
ethene
t-1,2-Dichloro-
ethene 8.33E-01 8.33E-01 NA 4,53E-09 2.50E-06 1.61lE-06 1.67E+00
Tetrachloro- 3.63E+00 3.63E+00 NA 3.68E-09 2.03E-06 1.31E-06 7.26E+00
ethene
Trichloro- 3.76E+01 3.76E+01 NA 8.48E-09 4.67E-06 3.01E-06 7.52E+01
ethene -
Inorganics
Nickel 5.33E-01 NA 1.19E-01 7.37E-06 NA 2.61E-03 6.55E-01
Selenium 6.13E+00 NA 5.50E-01 2.78E-06 NA 3.28E-04 6.68E+0Q0
Strontium 5.05E+00 NA 9.82E+00 2.83E-05 NA 1.00E-02 1.49E+01
Radionuclides
Uranium (total) 1.40E+00 NA 6.04E-02 1.04E-05 NA 3.69E-03 1.46E+00
TOTAL 1.66E+02 1.54E+02 1.06E+01 4.93E-05 2.46E-04 1.68E-02 3.31E+02
NA = Not applicable.
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Table 5-21

Ratios of Estimated Daily Intakes to Acceptable
Chronic Intakes - Scenario A

Maximally Exposed Child

-

Inhalation
of .
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil
Chemical Water Bathing Ingestion Dust Contact Ingestion Total
Organics
bis(2-ethyl- NA NA NA 2.04E-06 1.13E-03 7.24E-04 1.86E-03
hexyl)phthalate
Carbon tetra- 2.67E+03 2,67E+03 NA 6.48E-08 3.57E-05 2.30E-05 5.34E+03
chloride
1,2-Dichloro- 1.44E+02 1.44E+02 NA 7.63E-09 4.20E-06 2.70E-06 2.88E+02
ethane
1,1-Dichloro- 3.56E+02 3.56E+02 NA 5.04E-09 2.78E-06 1.79E-06 7.12E+02
ethene
t-1,2-Dichloro- A
ethene 3.38E+01 3.38E+01 NA 1.02E-08 5.62E-06 3.62E-06 6.76E+01
Tetrachloro- 4.40E+01 4.40E+01 NA 5.38E-08 2.97E-05 1.91E-05 8.80E+01
ethene
Trichloro- 6.53E+02 6.53E+02 NA 1.16E-07 6.37E-05 4,10E-05 1.31E+03
ethene -
JInorganics
Nickel 2.92E+00Q NA 6.50E-C1 4.02E-0S NA 1.43E-02 3.58E+00
Selenium 4.67E+01 NA 4,.17E+00 2.78E-06 NA 3,28E-04 5.09E+01
Strontium '1.22E+01 NA 2.86E+01 8.97E-05 NA 3.18E-02 4.08E+01
Radionuclides
Uranium (total) 4.41E+00 NA 1.80E-01 2.23E-05 NA 7.91E-03 4,59E+00
TOTAL 3.97E+03 3.90E+03 3.36E+01 1.57E-04 1.28E-03 4.72E-02 7.90E+03
NA = Not applicable.
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Table 5-22

Ratios of Estimated Daily Intakes to Acceptable
Chronic Intakes - Scenario B
Average Exposed Adult v

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total

Organics

bis(2-ethylhexyl) NA NA NA NA
phthalate

Carbon tetra- 8.92E-01 8.92E-01 NA 1.78E+00
chloride

1,2-Dichloro- 5.12E-02 5.12E-02 NA 1.02E-01
ethane

1,1-Dichloro- 3.16E-01 3.16E-01 NA 6.32E-01
ethene

t-1,2-Dichloro- 9.40E-03 9.40E-03 NA 1.88E-02
ethene

Tetrachloro- 4.10E-02 4.10E-02 NA 8.20E-02
ethene

Trichloro- 4,25E-01 4,25E-01 NA 8.50E-01
ethene

Inorganics

Nickel 6.02E-03 NA 3.65E-02 4,52E-02

Selenium 6.92E-02 NA 1.02E-02 7.94E-02

Strontium 5.70E~-02 NA 4.40E+00 4.46E+00

Radionuclides

Uranium (total) 1.58E-02 NA 6.95E-03 2.28E-02
TOTAL 1.87E+00 1.74E+00 4 ,.41E+00 8.02E+00

NA = Not applicable.
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Table 5-23

Ratios of Estimated Daily Intakes to Acceptable

Chronic Intakes - Scenario B
Maximally Exposed Adult

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total
Organics
bis(2-ethylhexyl) NA NA NA NA
phthalate
Carbon tetra- .01E+01 3.01E+01 NA 6.02E+01
chloride
1,2-Dichloro- .62E+00 1.62E+00 NA 3.24E+00
ethane
1,1-Dichloro- .01E+00 4.01E+00 NA 8.02E+00
ethene
t-1,2-Dichloro- .81E-01 3.81E-01 NA 7.62E-01
ethene
Tetrachloro- .96E-01  4.96E-01 NA 9.92E-01
ethene v
Trichloro- .37E+00 7.37E+00 NA 1.47E+01
ethene
Inorganics
Nickel .29E-02 NA .99E-01 2,.32E-01
Selenium .26E-01 NA .49E-02 5.91E-01
Strontium .38E-01 NA .39E+01 1,40E+01
Radionuclides
Uranium (total) .97E-02 NA .57E-02 6.54E-02
TOTAL .43E+01 4.36E+01 .40E+01 1.02E+02
NA = Not applicable.
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Ratios of Estimated Daily Intakes to Acceptable

Table 5-24

Chronic Intakes - Scenario B

Average Exposed Child

-

2539B

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total
Organics
bis(2-ethylhexyl) NA NA NA NA
phthalate
Carbon tetra- 2.08E+00 2.08E+00 NA 4.16E+00
chloride
1,2-Dichloro- 1.19E-01 1.19E-01 NA 2.38E-01
ethane
1,1-Dichloro- 7.37E-01 7.37E-01 NA 1.47E+00
ethene
t-1,2-Dichloro- 2.19E-02 2.19E-02 NAa 4,.38E-02
ethene
Tetrachloro- 9.56E-02 9.56E-02 NA 1.93E-01
ethene
Trichloro- 9.91E-01 9.91E-01 NA 1.98E+00
ethene
Inorganics
Nickel 1.40E-02 NA .34E-02 7.74E-02
Selenium 1.61E-01 NA ,76E~-02 1.79E-01
Strontium 1.33E-01 NA .S1E+00 6.64E+00
Radionuclides
Uranium (total) 3.69E-02 NA .11E-02 4,.80E-02
TOTAL 4.35E+00 4.06E+00 .53E+00 1.49E+01
NA = Not applicable.
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Table 5-25

Ratios of Estimated Daily Intakes to Acceptable

Chronic Intakes - Scenario B

-

Maximally Exposed Child

Indicator Drinking Showering/ Vegetable
Chemical Water Bathing Ingestion Total

Organics

bis(2-ethylhexyl) NA NA NA NA
phthalate

Carbon tetra- .02E+01 7.02E+01 NA 1.40E+02
chloride

1,2-Dichloro- .78E+00Q 3.78E+00 NA 7.56E+0Q00
ethane

1,1-Dichloro- .36E+00 9.36E+00 NA 1.87E+01
ethene

t-1,2-Dichloro- .89E-01 8.89E-01 NA 1.78E+00
ethene

Tetrachloro- .16E+00 1.16E+00 NA 2.32E+00
ethene

Trichloro- .72E+01 1.72E+01 NA 3.44E+01
ethene

Inorganics

Nickel ,68E-02 NAa 3.46E-01 4,23E-01

Selenium .23E+00 NA 1.13E-01 1.34E+00

Strontium .22E-01 NA 2.06E+01 2.09E+01

Radionuclides

Uranium (total) .16E-01 NA 2.52E-02 1.41E-01

TOTAL

.03E+02 1.01E+02 2.07E-01 2.25E+02

NA = Not applicable.
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In addition to the potential carcinogenic risk posed by the
chemical contaminants, an additional lifetime carcinogenic risk
of approximately 2 in 100,000 (2.1E-05) and 6 in 100,000
(5.8E-05) may be posed to the average and maximally exposed
individual, respectively, through exposure to radiation from
uranium isotopes (Table 5-16). This potential risk 1is con-
tributed primarily by exposure to uranium through drinking
water and vegetable ingestion.

5.3.2 Potential Noncarcinogenic Health Effects

The estimated daily intakes for all of the indicator chemicals
with the exception of bis(2-ethylhexyl)phthalate were found to
exceed the acceptable chronic intake for one or more exposure
situations. These results are summarized for Scenarios A and B
in Tables 5-26 and 5-27, respectively. Drinking water ingestion
and showering/bathing are the pathways of the greatest poten-
tial concern for the volatile organic compounds. Drinking water
and vegetable 1ingestion are the exposure pathways of the
greatest potential concern for the inorganics.

5.4 ASSUMPTIONS AND UNCERTAINTIES

The evaluation of the potential risks posed by contaminants
associated with the 881 Hillside location is based on numerous
assumptions which contribute uncertainty to the risk estimate.
In this section, the major assumptions and uncertainties
associated with this risk analysis are addressed.

Risk was evaluated for a selected number of contaminants (i.e.,
the indicator chemicals), and therefore does not represent the
total potential risk posed by all site-related contaminants.
However, the potential risks posed by the other (non-indicator)
chemicals would be expected to be negligible when compared to
that posed by the indicator chemicals.
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. Table 5-26

Exposure Pathways in Which the Estimated Daily Intake Exceeded
the Acceptable Chronic Intake
Scenario A

Inhalation Total
of of All
Indicator Drinking Showering/ Vegetable Fugitive Dermal Soil Path-
Chemical Water Bathing Ingestion Dust Contact Ingestion ways
Organics
bis(2-ethyl-
hexyl)phthalate
Carbon tetra- AA, AC AA, AC AA, AC
chloride MA, MC MA, MC MA, MC
1,2-Dichloro- AA, AC AA, AC AA, AC
ethane MA, MC MA, MC MA, MC
. 1,1-Dichloro- AA, AC AA, AC ) AA, AC
: ethene MA, MC MA, MC MA, MC
£-1,2-Dichloro- MA, MC  MA, MC ' AC, MA,
ethene MC
Tetrachloro- AA, AC AA, AC ' AA, AC
ethene MA, MC MA, MC MA, MC
Trichloro- AA, AC AA, AC ‘ AA, AC
ethene MA, MC MA, MC MA, MC
Inorganics
, Nickel MA, MC . MA, MC
Selenium AA, AC MA, MC AA, AC
MA, MC MA, MC
Strontium AA, AC AA, MA ) AA, AC
MA, MC AC, MC ‘ MA, MC
Radionuclides
Uranium (total) AC, AC,
‘l' , MA, MC MA, MC
AA = Average exposed adult.
AC = Average exposed child.
MA = Maximum exposed adult.
MC = Maximum exposed child.
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Table 5-27

Exposure Pathways in Which the Estimated Daily Intake
Exceeded the Acceptable Chronic Intake
Scenario B

Total
Indicator Drinking Showering/ Vegetable of All
Chemical Water Bathing Ingestion Pathways
Organics
bis(2-ethylhexyl)
phthalate
Carbon tetra- AC AC AA, AC
chloride MA, MC MA, MC MA, MC
1,2-Dichloro- MA, MC MA, MC MA, MC
ethane »
1,1-Dichloro-~- MA, MC MA, MC AC,
ethene 4 MA, MC
t-1,2-Dichloro~ MC
ethene
Tetrachioro— MC MC ‘ MC
ethene
Trichloro- : MA, MC MA, MC AC,
ethene v MA, MC
Inorganics
Nickel
Selenium MC MC
Strontium AA, AC AA, AC
MA, MC MA, MC
Radionuclides

Uranium (total)

AA = Average exposed adult.
AC = Average exposed child.
MA = Maximum exposed adult.
MC = Maximum exposed child.
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The major part of the noncarcinogenic and carcinogenic risks
potentially posed by the indicator chemicals were found to be
associated with groundwater usage (i.e., drinking water
ingestion, showering/bathing, and the ingestion of vegetables
irrigated with groundwater). It was assumed in this evaluation
that the alluvial water bearing zone is the groundwater source.
It is unlikely, however, that this water-bearing zone would
yield sufficient water to make it a practical water source..
Even 1f it is assumed that the alluvial groundwater may be used
as a source of domestic water in the future, estimates of
potential risk ‘are conservative, particularly for Scenario B.
Scenario B, in which individuals are assumed to be 1living at
the Plant boundary is considered to be a "more-likely" case
scenario than Scenario A, in which individuals are assumed to
be residing at the 881 Hillside location in the future. Risk in
Scenario B was based on groundwater usages. The concentrations
of contaminants in the groundwater at the Plant boundary were
estimated by conservatively assuming that no contaminant
attenuation other than dilution occurs as the contaminants flow
from the site towards the boundary. Processes such as volatili-
zation, which 1is 1likely to decrease the concentrations of
volatile organics, and sorption processes were not taken into
account. It is 1likely that contaminant concentrations at the
boundary, and therefore potential risks for Scenario B, are
lower than those predicted.

To add further perspective to the estimates of carcinogenic
risk, it should be noted that the carcinogen potency factors
are derived from high dosage animal studies using a linearized
multistage model. This model, which is consistent with some
theories for the mechanism of carcinogenesis, gives a reason-
able upper 1limit to carcinogenic risk. The actual risk is
unknown, but may be as low as zero (EPA, 1986d). It should also
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be noted that in the evaluation of noncarcinogenic risk, that
if the estimated daily intake exceeds the acceptable chronic
intake, it does not necessarily mean that adverse effects will
occur. AICs are usually based on lowest-cbserved-adverse effect
levels or no observed-adverse-effect levels from animal studies
and incorporate an uncertainty/safety factor usually in the
range of 2 to 3 orders of magnitude.

5.5 COMPARISON TO OTHER RISKS

all human activities are associated with some degree of risk.
For the sake of perspective, the risk of death associated with
various occupations, personal habits, lifestyles, and accidents
are presented in Figure 5-1.
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FIGURE 5-1
PUTTING RISK IN PERSPECTIVE
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SUPPLEMENT A

INFORMATION USED IN THE SELECTION OF INDICATOR CHEMICALS
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CARBON TETRACHLORIDE (CCly)

1.0 PHYSICO/CHEMICAL PROPERTIES (US. EPA, 1987a)

Molecular Weight 153.8

Boiling Point 76.5°C

Melting Point -23°C

Vapor Pressure 115.2 mm Hg (25°C)
Water Solubility 800 mg/1

20 TOXICOLOQGICAL EFFECTS

Liver and kidney toxicity are the main adverse effects of CCl, toxicity. Liver
damage is characterized by fatty acid infiltration and necrosis. Kidney lesions are
primarily in the proximal tubules. CC14 has also been shown to produce liver tumors
in laboratory animals.

2.1 Noncarcinogenic Effects

2.1.1 Acute

Human

Ingestion of as little as 1.5 ml (34 mg/kg) CCly by adults may cause adverse
effects on the liver and kidneys and in some cases may result in death (U.S. EPA,
1987a). In most instances, however, the ingestion of 2.5 to 15 ml (57 to 343 mg/kg) is
without effect. Ingested doses of 0.18 to 0.92 ml (29 to 150 mg/kg) may be fatal in
children (U.S. EPA, 1987a).

Acute inhalation exposure can lead to central nervous system (CNS) depression,
as well as k} ney and liver damage. Liver effects have been ;een after exposure to
2,309 mg/m” for 70 minutes. Acute exposure to 1,500 mg/m- may result in death
(US. EPA, 1987a). Exposure to high concentrations may lead to rapid loss of
consciousness. Less severe CNS symptoms include dizziness, headache, depression, and

incoordination.  Gastrointestinal symptoms may also occur (e.g., nausea, pain,
diarrhea).
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Animal

The liver is the organ most sensitive to acute CCl, exposure. Liver damage has
been seen in rats dosed with 10 to 2,000 mg CCly/kg by gavage in a variety of
vehicles (corn oil, aqueous emulsion, undiluted, water) (Bruckner, et al,, 1986; Kim, et
al., 1986). Single oral doses of 4,000 mg/kg have been reported to cause kidney and
lung damage (U.S. EPA, 1987a).

Oral LDgps of 1,000 to 12,800 mg/kg have been observed in a variety of
animals (Clayton and Clayton, 1981; U.S. EPA, 1987a). The maximum inhalation time-
concentrations survived by rats have been reported to be 12,000 ppm (15 min.), 7,300
ppm (1.5 hr.), and 3,000 ppm (8 hr.) (Adams, et al,, 1952).

2.1.2 Subchronic

Animal

Rats administered CC14 in corn oil by gavage at 20 mg/kg or higher for 9 out
of 11 days or at 20 or 33 mg/kg for 12 weeks (5 days/week) showed liver damage
(Bruckner, et al., 1986). Hepatotoxicity has been observed in mice exposed to CCl, in
corn oil by gavage at doses of 625 to 2,500 mg/kg for 14 consecutive days or at 12 to
1,200 mg/kg for 90 consecutive days (Hayes, et al., 1986). Subchronic hepatotoxicity
was also seen in mice dosed with 12 mg/kg CCly in corn oil by gavage or with 12 or
120 mg CCly/kg in corn oil or Tween-60 by gavage for 90 days (5 days/week)
(Condie, et al., 1985).

Severe liver damage and increased mortality were found by Prendergast, et al.
(1967) in guinea pigs and monkeys exposed via inhalation to 80 ppm for 8 hrs/day, 5
days/week, for 6 weeks. In the same study, guinea pigs exposed to 10 ppm
continuously for 90 days exhibited degenerative changes in the liver and decreased
survival; similar liver changes and depressed growth rates were observed in monkeys
and rabbits. A depressed growth rate was seen in rats at concentrations as low as 1
ppm.

2.1.3 Chronic

Human

Visual effects, including restricted visual field, reduced corneal sensitivity,
subnormal dark adaptation, and decreased color perception, have been reported in
studies on humans exposed to CCl, in the workplace. Evidence of liver and kidney
damage has also been reported (US. EPA, 1984).

No studies were located in the surveyed literature relating to the hepatotoxic
or nephrotoxic effects of CC14 in humans.
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Animal

In chronic (30 to 40 week) toxicity studies, Adams, et al., (1952) exposed guinea
pigs and rats to carbon tetrachloride via inhalation for 7 hrs/day, 5 days/week.
Guinea pigs showed enlargement and degeneration of the liver at concentrations of §
ppm or greater, and cirrhosis at concentrations of over 50 ppm. In the same study, at
25 ppm, rabbits also had liver damage and at 50 and 100 ppm showed increased
kKidney weights and a decreased growth rate. Exposures of 50 ppm in monkeys
resulted in weight loss and some cellular changes in the liver were seen at 100 ppm.
Mortality was high in guinea pigs at 200 and 400 ppm and in rats at 100 ppm.

Smyth and co-workers (Smyth and Smyth, 1935; Smyth, et al, 1936) also .
conducted long-term inhalation studies on rats, guinea pigs, and monkeys (8 hrs/day,
4 to 6 days/week, for up to 321 days). Mortality in guinea pigs was high, even at 25
ppm. At concentrations of 25 ppm or greater, pathological changes were observed in
the liver. Optic nerve degeneration and degeneration of the ocular muscles were seen
in a few animals in each treatment group. Rats also showed liver degeneration at
concentrations of 50 ppm or greater; degeneration of ocular muscles and of the
myelin sheath of the sciatic nerve, and some indications of kidney damage were

occasionally observed. At 50 ppm, mild changes were noted in the kidney and liver
of monkeys.

2.1.4 Teratogenicity

Schwetz, et al. (1974), exposed rat dams to CCl,4 at 300 and 1,000 ppm for 7
hrs/day on days 6 to 15 of gestation. Pups in both groups showed a decrease in body
weight and length, and delayed ossification of the sternebrae. Hepatotoxicity was
observed in the dams but was not believed to be a causal factor in the fetal effects.

2.2 Mutagenicity and Carginogenicity

CCI4 has been classified by the US. EPA as a Group B2 carcinogen (i.e.,
sufficient evidence of carcinogenicity in animals and inadequate evidence in
humans). There are a number of studies which provide evidence for the production
of liver tumors in rodents as a result of the oral intake of CCly (reviewed in U.S.
EPA, 1984). Information regarding the production of tumors via the inhalation route
is limited, however. Liver nodules, interpreted as being incipient hepatocellular
carcinomas, were observed in rats exposed to an unspecified level of atmospheric
CC14 for up to 7 months (Costa, et al., 1963).

Information regarding the potential carcinogenicity of CCly in humans is
limited. Although an increase in cancers have been reported in an epidemiological
study on workers exposed to carbon tetrachloride, no conclusions could be reached
because of complicating factors (e.g., simultaneous exposure to other chemicals, small
number of cases) (Blair, et al., 1979; Wilkosky, et al., 1984).

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 1, SUPPLEMENT B, PAGE B-10



CCl, has been reported to produce cell transformation in Syrian hamstf:r
embryo cells (Amacher and Zelljadt, 1983). CCly has been tested for mutagenicity in

a few bacterial systems (E._coli. Salmonella tvphimurium). The results of these
studies have been negative (U.S. EPA, 1984).

-

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 Oral

Carcinogenic 1.30 x 107! (mg/kg/day)’! (US. EPA, 1986)
Potency Factor
RfD 7.0 x 1074 mg/kg/day (U.S. EPA, 1987a)
MCL 5 ug/l (US. EPA, 1987b)
1-Day HA- 4,000 ug/1 (US. EPA, 1987a)
Child
10-Day HA- 160 ug/1 (U.S. EPA, 1987a)
Child :

: Longer Term (7-year) 71 ug/1 (U.S. EPA, 19873)

. HA - Child ‘

Longer Term (7-year) 250 ug/1 (US. EPA, 1987a)
HA - Adult
1-Day SNARL 14,000 ug/1 (NAS, 1980)
7-Day SNARL 2,000 ug/1 (NAS, 1980)
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1,2-DICHLOROETHANE (1,2-DCA)

1.0 PHYSICO/CHEMICAL PROPERTIES (U.S. EPA, 1987)

Molecular Weight 98.96
Vapor Pressure 64 mm Hg (20°C)
Water Solubility 8,820 mg/1

Log octanol/water
partition coefficient 1.48

2.0 TOXICOLOGICAL EFFECTS

Chronic exposure to 1,2-DCA results in damage to the liver and kidneys. The
main effect of acute exposure is central nervous system depression; liver and kidney

damage may also occur. Exposure to 1,2-DCA has produced tumors in laboratory
animals.

2.1 Noncarcinogenic Effects

2.1.1 Acute

Human

The ingestion of 1,2-DCA in humans leads to central nervous system and
gastrointestinal symptoms (U.S. EPA, 1987). These include headache, dizziness,
nausea, diarrhea, hematemesis, cerebellar and mental disorders, and loss of
consciousness. Heart pains, pulmonary edema, and cyanosis have also been reported.
Liver necrosis, kidney damage, and adrenal degeneration have been observed. Death
is usually the result of circulatory and respiratory collapse and has been reported to
occur after the ingestion of as little as 15 ml (340 mg/kg) in a 14 year old boy
(Yodarken and Babcock, 1973).

Animal

The main acute effect of 1,2-DCA in mammals is central nervous system
depression leading, in extreme cases, to coma and death. If an acutely exposed animal
recovers and death occurs within a few hours after recovery, it is usually due to
shock or cardiovascular collapse; if death occurs after several days it is usually due to
kidney damage. Lung irritation, liver damage, and injury to the adrenals may also
result from acute exposure. Oral LDSOS of 680 mg/kg and 860 mg/kg have been seen
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in the rat and rabbit, respectively (NIOSH, 1977). LC505 of 1,000 ppm (7.2 hr), 3,000
ppm (2.75 hr), and 12,000 ppm (0.53 hr) have been observed in rats. A dermal LD50
of 3.89 ml/kg was determined for rabbits (NAS, 1977).

-

2.1.2 Subchronic

Animal

Subchronic oral exposure to 1,2-DCA has been shown to produce adverse
effects on the immune system in mice. Mice exposed to 3 to 189 mg 1,2-DCA /kg/day
in their drinking water for 90 days exhibited a dose-dependent decrease in growth
rate and water consumption (Munson, et al,, 1982). In the same study, exposure to 49
mg/kg/day for 14 days by gavage resulted in a decreased leukocyte count. Effects on
both cell-mediated and humoral immunity, evidenced by a delayed hypersensitivity
reaction and a decrease in the number of antibody producing cells were seen in mice
administered 4.9 or 49 mg/kg/day by gavage for 14 days. No immunosuppression was
seen in mice administered 1,2-DCA in their drinking water for 90 days.

Several subchronic inhalation studies showed increased mortality in exposed
animals. High mortality rates (7 to 100 percent) were reported in monkeys, guinea
pigs, rats, and rabbits after 2 to 97 exposures to 400 ppm for 7 hours/day, 5
days/week (Heppel, 1946; Spencer, 1951). Mortality rates of 35 to 90 percent were
observed in rats, guinea pigs, and mice after 7 to 88 exposures to 200 ppm for 7
hrs/day, 5 days/week (Heppel, 1946). Exposure to 500 ppm for 6 weeks (6 hours/day,
5 days/week) led to over 90 percent mortality in rats, guinea pigs, and rabbits; cats
subjected to the same regimen showed heart enlargement and increased blood urea
nitrogen (Hofman, et al, 1971). Decreased growth rate, and liver enlargement and
degeneration were reported in guinea pigs exposed to 200 ppm for 180 exposures (7
hours/day, 5 days/week) (Spencer, 1951).

2.1.3 Chronic

Human

Studies on workers exposed to 1,2-DCA have been published in the foreign
literature. Some of the symptoms that have been reported to resuit from chronic
inhalation exposure to 1,2-DCA include irritation of the eyes and upper respiratory
tract, gastrointestinal disorders (diarrhea, epigastric pain/discomfort, vomiting),
effects on the heart (bradycardia, murmur), enlarged liver, weakness, fatigue, and
nervous system dysfunction (decreased reflex response, nervousness, nystagmus,
tongue tremors). Gastrointestinal disorders, including liver disease, and effects on the
nervous systems (decreased reaction time) may possibly have occurred at levels as low

as 10-15 ppm (time-weighted average) (Clayton and Clayton, 1981; Kozik, 1957; U.S.
EPA, 1984).
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“

Animal

Changes in kidney and liver function were seen in rats exposed to 150 ppm
1,2-DCA via inhalation (7 hrs/day, 5 days/week) for 12 months (Spreafico, et al,
1980). Chronic oral studies have shown up to 100 percent mortality in rats exposed
by gavage (5 days/week) to concentrations (time-weighted average) of 47 and 95
mg/kg/day. Death was attributed to noncarcinogenic effects (NCI, 1978).

2.1.4 Teratogenicity

There is insufficient evidence to indicate that 1,2-DCA causes teratogenic or
fetotoxic effects at levels which are not maternally toxic (U.S. EPA, 1984; 1987).

2.2 Mutagenicity and Carcinogenicity

1,2-DCA is classified by the U.S. EPA in Group Bz, probable human carcinogen
(i.e., sufficient evidence of carcinogenicity in animals and insufficient evidence in
humans). This is based on long-term (78-week) gavage studies which revealed
increased tumor incidences in rats and mice (NCI, 1978). Stomach and circulatory
system (hemangiosarcomas) tumors were observed in male rats; mammary tumors were
observed in female rats. An increase in lung tumors was seen in both male and

female mice. Female mice also showed an increase in endometrial and mammary
cancers.

1,2-DCA has been shown to be weakly mutagenic in bacteria, including
Salmonella and E, c¢oli. The response is increased by rat S-9 hepatic microsomal
activation. Germ and somatic cell mutations have been observed in Drosophila that
were exposed to 1,2-DCA through their diet. Mutations in in vitro cultures of
Chinese hamster ovary cells have also been reported. This response was enhanced by
hepatic S-9 microsomal activation (U.S. EPA, 1984; 1987).

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 QOral
Carcinogenic 9.10 x 1072 (mg/kg/day)‘l (U.S. EPA, 1986)
Potency Factor
MCL (proposed) | 5 ug/l (US. EPA, 1985)
MCLG Zero (US. EPA, 1985)
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3.2 Inhalation

Carcinogenic 3.50 x 102 (mg/kg/day)”! (US. EPA, 1986)
Potency Factor N

TLV-TWA 10 ppm (40 mg/m3) (ACGIH, 1987)
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1,1-DICHLOROETHENE (1,1-DCE)

1.0 PHYSICO/CHEMICAL PROPERTIES

Molecular Weight 96.9
Vapor Pressure 600 mm Hg (25°C)
Water Solubility 2,250 mg/!

Log octanol/water
partition coefficient 1.8

20 TOXICOLOGICAL EFFECT

Chronic exposure to low concentrations of 1,1-DCE results primarily in liver
and kidney damage. Acute exposure leads to central nervous system depression.

2.1 Noncarcinogenic Effects

2.1.1 Acute

Human

There were no acute human studies located in the surveyed literature.
Exposure to high conccntratlons would be expected to result in central nervous system
depression.

Animal

The acute oral LD50 for the rat has been reported to be in the range of 200-
1500 mg/kg. An oral LDsq of 5,750 mg/kg was noted in the dog. LCgqs of 98 ppm
(22 hour) and 6,350 ppm (4 hour) have been observed in the mouse and rat,
respectively, although an LC 50 as high as 10,000 ppm (24 hour) has been seen in the
rat. In general, mice are more sensitive than rats to the toxic effects of 1,1-DCE than
rats, probably due to their high rate of metabolism of the compound (Clayton and
Clayton, 1981; Sax, 1984).
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2.1.2 Subchronic

Animal

An increase in cytoplasmic vacuolization was observed in hepatocytes of rats
exposed to 200 mg/l 1,1-DCE in their drinking water for 90 days (Rampy, et al,
1977). Renal lesions were reported in rats continuously exposed to approximately 50
ppm via inhalation for 90 days (Prendergast, et al,, 1967). In the same study, hepatic
lesions were seen in the rat, dog, and monkey at 50 ppm. Damage to the adrenals and
lungs were also observed in some animals. Dose-related mortality occurred in
monkeys and guinea pigs at concentrations of up to 50 ppm. Decreased weight gain
and mortality were observed in some species at all dose levels (5 to 100 ppm). Weight -
loss also occurred in rabbits and monkeys exposed to 100 ppm, 8 hours/day, 5
hours/week, for 6 weeks. In another study (Norris, 1977) rats exposed to 25 or 75

ppm, 6 hours/day, 5 days/week, for 90 days were observed to have reversible liver
damage.

2.1.3 Chronic

Human

A study of 138 workers who were exposed to 5 to 20 ppm revealed no effects

of 1,1-DCE exposure on mortality or on the health parameters evaluated (Ott, et al,,
1975).

Animal

A number of pathological changes in the liver, including fat accumulation and
periportal hypertrophy, were described in rats exposed to 1,1-DCE in their drinking
water at concentrations ranging from 50 to 200 mg/1 (U.S. EPA, 1984). In a National
Toxicology Program study (NTP, 1982), increased incidences of renal inflammation
were reported in rats and liver necrosis was found in mice that were dosed by gavage,
5 days/week, for 2 years at doses of 5 mg/kg/day and 10 mg/kg/day, respectively.

Fatty changes in the liver were also reported in an inhalation study in rats
conducted by the Dow Chemical Company (Rampy, et al, 1977; McKenna, et al,
1982). Animals were exposed to 10 or 40 ppm for 6 hours/day, 5 days/week, for 5
weeks, after which exposures were increased to 25 or 75 ppm, respectively, for 73
weeks. The effect was reversible after cessation of treatment. Other studies have
also shown comparable liver changes in rats exposed to 55 ppm, 6 hours/day, 5
days/week, for 6 to 12 months (Lee, et al,, 1977; Hong, et al,, 1981).
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2.1.4 Teratogenicity .

No effects on embryonic or fetal development have been observed in rats or
rabbits at ambient air concentrations of 1,1-PCE which were not toxic to dams
(Huffman and Desai-Greenway, 1976). In a three-generation reproductive study in
which 1,1-DCE was administered through the drinking water at concentrations of 100
and 200 mg/l, increased hepatocellular fatty degeneration occurred in F; males and
females and in F, females (Nitschke, et al., 1983).

2.2 Mutagenicity and Carcinogenicity

1,L1-DCE has been classified by EPA as a Group C carcinogen (i.e., possible
human carcinogen-limited evidence of carcinogenicity in animals in the absence of
human data). The only studies in which 1,1-DCE has given positive results for
carcinogenicity are those of Maltoni, et al. (1977, 1980, 1985). Exposure via inhalation
was demonstrated to cause an increase in mammary tumors in rats and mice, and in
kidney tumors in mice. At least 5 oral carcinogenicity assays have been conducted by
Maltoni and others; no significant increases in tumors were found, however. There is
no evidence for the carcinogenicity of 1,1-DCE in humans.

1,1-DCE has given positive results in a number of mutagenicity tests. It has
been shown to be mutagenic to E. ¢coli, Salmonella typhimurium, Bacillus subtilis, and
Saccharomvyces cerevisiae when a mammalian activating system is present (U.S. EPA,

1984). It has also given positive responses for DNA alkylation, repair, and synthesis
(US. EPA, 1985).

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 Qral
AIC 9.00 x 1073 mg/kg/day (US. EPA, 1986)
Carcinogenic 580 x 1071 (mg/kg/day)’1 (U.S. EPA, 1986)

Potency Factor

MCL 7 ug/l (US. EPA, 1987)

3.2 Inhalation

Carcinogenic 1.16 x 100 (mg/kg/day)"!l (US. EPA, 1986)
Potency Factor

TLV-TWA 5 ppm (20 mg/m>) (ACGIH, 1987)
TLV-STEL 20 ppm (80 mg/m3) (ACGIH, 1987)
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SELENIUM (Se)

-

1.0 PHYSICO/CHEMICAL PROPERTIES (Clayton and Clayton, 1981)

Atomic Weight 78.96 .
Specific Gravity 4.3-4.8 (20°C)
Melting Point 217°C
Boiling Point 688°C

20 TOXICOLOGICAL EFFECT

Selenium has been shown to be an essential element in animals. Among the
effects of selenium deficiency in animals are liver necrosis, muscle disease,
cardiomyopathy, and hair loss. In humans, there is also epidemiological evidence that
selenium deficiency may lead to cardiac and vascular disorders. Selenium interacts
with other toxic metals and has been shown to protect against the toxic effects of
arsenic, cadmium, mercury, silver, copper, and thallium. There is also evidence that
it may have anticarcinogenic properties. The toxic potential of exposure to excessive
amounts of selenium and its compounds is dependent upon the chemical form.
(Klaasen, et al,, 1986; U.S. EPA, 1984)

2.1 Noncarcinogenic Effects

2.1.}  Acute

Human

Acute inhalation exposure to selenium-containing dusts or fumes can cause a
respiratory distress syndrome. Symptoms include irritation to the eyes and mucous
membranes, difficulty in breathing, sneezing, coughing, pulmonary edema, nausea,
headache, dermatitis, and garlic odor on the breath. Prolonged exposure may be fatal.
(Clayton and Clayton, 1981)

Animal

Acute poisonings resulting from excessive selenium ingestion have been
reported in domestic animals (Clayton and Clayton, 1981). The oral administration of
10 mg of sodium selenite to lambs led to the death of seven animals within 10 to 16
hours; eight developed diarrhea, and five were asymptomatic. Three mg of selenium
fed to young pigs has proven fatal within 2.5 to 14 hours.
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An oral LDgn of 12.5 mg/kg has been reported for selenium in rats (Morss and
Olcott, 1967). Rats exposed for eight hours to selenium dust at a concentration of 33
mg/m3 resulted in the death of 10 percent of the animals (Hall, et al., 1951).
Interstital pneumonia was the main toxicological effect.

2.1.2 Subchronic

Animal

A decreased growth rate was seen in young rats fed 5 ppm selenium as selenite
in their diets for two weeks (Hopkins, et al., 1966). A decreased growth rate was also -
observed in young rats who were administered 4.8 ppm or greater selenium (as
selenite) in their diet for 6 weeks (Halverson, et al, 1966). At concentrations of 8
ppm or greater, dea:h occurred after 4 weeks. Signs of toxicity occurring at levels of
6.4 ppm or greater included pancreatic enlargement, decreased liver weight, decreased
hemoglobin, and increased serum bilirubin. In another study, changes in the ovaries,
pituitary, and adrenals were seen in guinea pigs orally exposed to 5 to 12.5 mg sodium
selenide for two periods of 20 days each (Vesce, 1974).

2.1.3 Chronic

Human

Chronic selenium poisoning in humans has occurred as a result of the ingestion
of elevated levels of selenium in drinking water and of vegetables grown in
seleniferous soil. Chronic inhalation poisoning has resulted from workplace exposure.
Skin discoloration, hair loss, and loss of fingernails have been reported in individuals
whose drinking water contained 9 mg selenium/1 (Beath, 1962). Individuals living in
an area where the soil had a high selenium content and whose daily selenium intake
was estimated at 0.1 to 0.2 mg/kg/day were reported to show signs of selenium
toxicity including gastrointestinal disorders, dermatitis, arthritis, fatigue, jaundice,
and bad teeth (Smith, et al, 1939). Similar symptoms as well as nervous system
disorders including peripheral paresthesias, limb pain, convulsions, and motor
dysfunctions have been observed in an area of China where selenium had
contaminated the soil and surface/groundwaters (Yang, et al, 1983). The average
daily intake of selenium was estimated at 5 mg/day. Other studies have indicated an
association between high selenium intake and dental cavities (U.S. EPA, 1984).
Chronic inhalation of selenium has been reported to lead to upper respiratory and
gastrointestinal distress, garlic odor on the breath, dermatitis, irritability, and fatigue
(Clayton and Clayton, 1981; U.S. EPA, 1984).

Animal

Selenium toxicity to farm animals resulting from the chronic ingestion of high-
selenium forage or feed is well documented. Livestock feeding on plants containing
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Y

approximately 25 ppm selenium develop alkali disease which is characterized by hair
loss, anemia, hoof atrophy, lameness, and lassitude. At concentrations of 100 to 1000
ppm blind stagger, characterized by impaired vision, limb weakness, and respiratory
failure, can result (Klaasen, et al.,, 1986). Other symptoms and pathologies noted in
chronically exposed farm animals include loss of appetite, liver damage, nephritis,
and upper gastrointestinal ulceration (Clayton and Clayton, 1981).

An increase in dental caries has been produced in monkeys fed selenium at 1
ppm in their drinking water and an increase in caries has been correlated with
selenium intake in rats (US. EPA, 1984). Decreased growth rate and increased
mortality were observed in rats fed 22.3 or 33.5 selenium (as selenite) in their diets
(Franke and Potter, 1935). Liver necrosis was observed in survivors. Excessive
mortality and liver necrosis have also been reported by investigators who fed rats 10
ppm or greater selenium (as ammonium potassium selenide) in their diets (US. EPA, .
1984). Anemia has also been seen in rats chronically exposed to selenium (NAS, 1977).

2.1.4 Teratogenicity

There is limited evidence for the teratogenicity of selenium in humans. Of the
four definite and one possible pregnancy in female workers exposed to selenite, only
one went to term. This infant had a clubfoot (Robertson, 1980).

Embryonic chicks are highly sensitive to selenium. Hatchability is decreased
and embryos exhibit morphological abnormalities including absence of eyes and
beaks, and deformed wings and feet (U.S. EPA, 1984). In a three-generation
reproductive study in which mice were fed 3 ppm selenium (as selenate) in their
drinking water, adverse effects were seen by the third generation (Schroeder and
Mitchener, 1971). Decreased fertility and decreased pup survival was also seen in

female rats fed 7.5 ppm selenium (as selenate) in drinking water (Rosenfeld and
Beath, 1964).

2.2 Mutagenicity and Carcinogenicity

Selenium is currently classified by the U.S. EPA in Group D (i.e., not classified
chemical) with regard to carcinogenicity. There is no evidence for the
carcinogenicity of selenium in humans and there is limited epidemiological evidence
that it may have anticarcinogenic effects. Negative correlations have been made
between higher blood levels of selenium and cancer, and between cancer rates and the
concentration of selenium in forage crops (Shamberger and Frost, 1969). The

significance of the epidemiological findings, however, is questionable (U.S. EPA,
1984).

There are some data from an unpublished NCI (National Cancer Institute)
animal study that suggest that selenium dioxide may be carcinogenic in female mice
(U.S. EPA, 1984). There are insufficient data, however, to indicate that selenite or
selenate may be carcinogenic. Increased dietary selenium has been associated with a
decrease in induced skin and mammary tumors in mice and induced liver tumors in
rats (Klaasen, et al., 1986; U.S. EPA, 1984).
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Recent data concerning the mutagenicity of selenium are lacking., There is
some evidence that selenium may adversely affect mitosis (U.S. EPA, 1984),

-

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 Oral
AIC 3.0 x 10" mg/kg/day (U.S. EPA, 1986)
AIS 32 x 1073 mg/kg/day (U.s. EPA, 1986)
MCL 10 ug/l

3.2 Inhalation
AIC 1.00 x 10”3 mg/kg/day  (US. EPA, 1986)
TLV-TWA 0.2 mg/m3 (ACGIH, 1987)

(Selenium compounds
as selenium)-
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STRONTIUM (Sr) ,
(STABLE) .

1.0 PHYSICO/CHEMICAL PROPERTIES

Atomic Weight 87.62

Specific Gravity 2.6 (20°C)

20 TOXICOLOGICAL EFFECTS

Strontium and its salts are of low toxicity and strontium poisoning is rare.
There is some evidence that strontium may be necessary in animals for the
calcification of bones and teeth.

2.1 Noncarcinogenic Effects

2.1.1 Acute

Human

There was no available information concerning acute oral or inhalation eff ects
of strontium in humans. The daily intravenous injection of 47 mg of strontium

lactate over a period of five days reportedly led to no signs of toxicity (McCance and
Widdowson, 1939).

Animal

Oral LDSOS ranging from 250 mg/kg in rats to over 5,000 mg/kg in guinea pigs
have been reported for strontium salts. LCsqps of 55 to 580 ppm have been obser\ted
after inhalation exposure in rats. Signs of acute poisoning include excessive
salivation and gastrointestinal distress (vomiting, colic, diarrhea). Death in rats has

resulted from respiratory failure, in cats from cardiac arrest (Clayton and Clayton,
1981; NRC, 1982).
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2.1.2  Subchronic

Animal

Minor hematological and blood chemistry changes were observed in Wistar rats
fed strontium as strontium chloride at 4,800 mg/kg diet for 90 days (Droes, et al.,
1977). Female rats showed decreased liver glycogen at 12 weeks when fed 4,800
mg/kg diet. Male rats had increased thyroid weights when fed 1,200 or 4,800 mg/kg
diet. Weanling rats fed 0.2 percent strontium in their diets for eight weeks exhibited
severe skeletal aberrations, including deformed and shortened bones (Johnson, 1973).

Rats exposed to 50 mg/m3 strontium nitrate via inhalation for one month (4
hours/day) exhibited both functional and histological changes in a number of organs
(Zyuzyukin, 1974). Physiological changes included decreased urinary chloride
excretion, increased blood nitrogen, increased hippuric acid biosynthesis, and changes
in mineral metabolism as evidenced by increased urinary excretion of calcium and
increased serum alkaline phosphatase. Morphological effects included interstitial
pneumonia accompanied by hemorrhage in the lungs, dystrophy of heart muscle fibers
and renal convoluted tubules, and hyperemia in the lungs, heart, liver, and kidney.

2.1.3 Chronic

Human

There is little evidence for chronic toxicity in humans resulting from

strontium exposure (Schroeder, et al, 1972). Strontium has been used for medicinal
purposes.

Animal

The major symptoms of chronic strontium toxicity involve the skeletal system
and have been referred to as "strontium rickets". Mice fed 16,000 ppm strontium
lactate in their drinking water for 402 days exhibited stunting of growth due to
inhibited bone calcification (Alexander, et al.,, 1951; Alexander, et al., 1956). Rickets

have also been produced in rats by feeding them two percent strontium carbonate in
the diet (Follis, 19535).

2.1.4 Teratogenicity

There was no data available concerning the teratogenicity of strontium.
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2.2 Mutagenicity and Carcinogenigity

There was no data available concerning the carcinogenicity of stable strontium.
No mutagemc effects in terms of DNA synthesis were noted by Loeb, et al. (1977) in
an in_vitro assay.

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 OQral

SNARL (7-day) 8.4 mg/1 (NAS, 1982)
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TETRACHLOROETHENE (PCE)

1.0 PHYSICO/CHEMICAL PROPERTIES

Molecular Weight 165.83
Vapor Pressure 17.8 mm Hg (25°C)
Water Solubility 150 mg/1 (25°C)

Log octanol/water
partition coefficient 2.6

20 TOXICOLOGICAL EFFECT

The main effects of acute exposure to PCE are on the central nervous system,
with CNS depression occurring at high concentrations. Subchronic and chronic
exposure primarily causes liver and kidney damage, as well as CNS effects. PCE has
been shown to be carcinogenic in some animal species.

2.1 Noncarcinogenic Effects

2.1.1 Acute

Human

When exposure to PCE occurs via inhalation, minimal effects (eye irritation,
lightheadedness, impaired coordination) begin to be experienced at 200 ppm.
Salivation, nasal irritation, and a metallic taste have been reported at 500 ppm.
Central nervous system depression (narcosis) has been observed at 1,000 to 2,000 ppm.

Unconsciousness can occur after a thirty-minute exposure to 1,500 ppm. In extreme
cases, death may result.

Little data are available concerning acute oral toxicity. An oral dose of 500
mg/kg has been reported not to be lethal in humans.

Animal

In laboratory animals, oral LD oS have been reported to range from 2,600
mg/kg (rats) to 8,850 mg/kg (mice). éla inhalation, an LCjy (eight-hour) of 5,000
ppm has been demonstrated.

The major effect of acute exposure is central nervous system deprcssiqn. At
ambient air concentrations of 6,000 and 3,000 ppm, unconsciousness occurred in rats
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within a few minutes and after several hours, respectively. Slight liver damage has
been observed by several investigators in animals exposed to 200 to 2,000 ppm for
four hours, and in animals that died from single-dose exposure to higher levels.
Other signs and symptoms of acute exposure in animals include cardiac depression,
decreased respiration, decreased blood pressure, and congestion/infldmmation of the
lungs.

2.1.2 Subchronic

Animal

Guinea pigs exposed to PCE vapors showed adverse effects at levels of 100 to
400 ppm (seven hours/day, five days/week, six months) (Rome, et al, 1952). Increased
liver weight was seen at 200 ppm (females only). Histological signs of liver damage
was seen at 200 to 400 ppm. No adverse effects were seen in rats, rabbits, or monkeys
at the same exposure levels,

EEG changes and alterations of the cytology of cerebral cortical cells were
seen in rats exposed to 15 ppm (four hours/day, five months) (Dmitrieva, 1966). Mice
exposed to 15 to 74 ppm (five hours/day, three months) exhibited a decrease in muscle
electroconductance and a decrease in muscle contraction amplitude (Cmitrieva, 1968).

2.1.3 Chronic S

Human

Chronic inhalation exposure has been reported to cause a number of health
effects including liver and kidney pathologies, respiratory tract irritation, nausea,
headache, sleeplessness, abdominal pains, and constipation.

Animal

Kidney and liver damage are the main effects of chronic exposure in animals.
In a chronic oral study by the National Cancer Institute (NCI) (1977) on mice and
rats in which PCE was administered in corn oil by gavage (five days/week, seventy-
eight weeks), nephropathy was noted at all dose levels. Doses ranged upwards from
300 mg/kg/day in mice and 471 mg/kg/day in rats.

Rats dosed with air concentrations of 230 or 470 ppm (eight hours/day, five
days/week, seven months) showed congestion/swelling of the liver, kidneys, and
spleen (Carpenter, 1937). Pathological changes in the liver and kidneys were reported
in rabbits exposed to 15 ppm (three to four hours/day, seven to eleven months)
(Navrotskii, et al., 1971). Liver damage has also been reported in rats exposed to 600
ppm (five hours/day, five days/week, twelve months) (Pegg, et al.,, 1978).
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2.1.4 Teratogenicity

Teratogenic effects were described in mice and rats that were exposed to 300
ppm (seven hours/day) via inhalation on days six to fifteen of pregnancy (Schwetz, et
al,, 1975). Depression of fetal weight, defects in bone development, and subcutaneous
edema were observed in mice. Increased fetal resorption occurred in rats.

A reduction in the proportion of pups born alive were seen in rats exposed to
20 ppm on days seven to thirteen or fourteen to twenty of gestation (Nelson, 1979).
Offspring showed a temporary decrease in performance in behavioral tests. A
decrease in brain neurotransmitters was measured in offspring of dams exposed
during the second week of gestation.

2.2 Mutagenicity and Carcinggenicity

PCE has been classified by EPA as a Group B, carcinogen (i.e., sufficient
evidence of carcinogenicity in animals and inadequate data in humans). The
classification is based upon several studies. In an inhalation study completed by the
National Toxicology Program (NTP) in 1985, PCE caused increases in leukemias in

male and female rats, rare renal cell cancers in male rats, and liver tumors in male
and female mice.

In an earlier (1977) study performed by the National Cancer Institute in which
PCE was administered to mice in corn oil by gavage, a significant increase in liver
tumors was observed. Based on the NCI study, EPA’s Carcinogen Assessment Grou
has calculated that lifetime exposure to 1 ug/l of PCE in drinking water poses a 10°
(one in a million) cancer risk, assuming the ingestion of two liters of water per day
(Federal Register, 1984).

Mutagenicity testing has given mixed results. Positive test results have been
reported in the Salmonella typhimurium reverse mutation assay, in a host-mediated
assay in mice using Salmonella typhimurium, and in a transformation assay using rat
embryo cells (Cerna and Kypenova, 1977; Price, et al,, 1978). It has tested negative,

however, in other assays using Salmonella, E. coli, and rat lymphocytes (Clayton and
Clayton, 1981; U.S. EPA, 1980).

30 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 OQOral
AIC 2.00 x 10°2 mg/kg/day (U.S. EPA, 1986)
Carcinogenic Potency 5.10 x 1072 (mg/kg/day)’! (US. EPA, 1986)
Factor
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3.2 Inhalation
Carcinogenic Potency 1.7 x 1073 (mg/kg/day)’!  (US. EPA, 1986) -
Factor
TLV-TWA 50 ppm (335 mg/m>) (ACGIH, 1987)
TLV-STEL 200 ppm (1,340 mg/m3)  (ACGIH, 1987)
PEL (eight-hour)(OSHA) 100 ppm (US. EPA, 1984)
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TRICHLOROETHENE (TCE)

1.0 PHYSICO/CHEMICAL PROPERTIES

Molecular Weight 131.3
Vapor Pressure 77 mm Hg (25°C)
Water Solubility 1,000 mg/1

Log octanol/water
partition coefficient 2.3

20 TOXICOLOGICAL EFFECTS

The main effects in humans and animals of exposure to high doses of TCE are
central nervous system effects, and kidney and liver pathologies. TCE also has
evidence of carcinogenicity in mice.

2.1 Noncarcinogenic Effects
2.1.1  Acute

Human

When individuals are exposed to TCE in the ambient air, mild eye irritation is
experienced at 200 ppm. Light-headedness may occur at 400 ppm after a three-hour
exposure. Nasal irritation and dizziness after six minutes occurs at exposure
concentrations of 1,000 to 2,000 ppm. Nausea and drowsiness occur after five minutes
at 2,000 ppm. Visual disturbances, mental confusion, and fatigue are other symptoms
that may accompany acute exposure.

In cases of extreme inhalation exposure, death may result from cardiac failure

or respiratory arrest. The ingestion of TCE has also reportedly resulted in death,
with severe injury occurring to the liver and kidneys.

Animal

TCE has a moderate to low acute oral toxicity in laboratory animals. LDsqs
have been reported to range from 300 mg/kg to 7,000 mg/kg.

Full anesthesia occurs in rats via the inhalation route at concentrations of
4,800 ppm or greater. Hepatotoxity has been observed at anesthetic doses. At highly
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anesthetic levels (5,000 to 12,000 ppm) sensitization of the heart to adrenalin has been
seen in dogs. Death occurs in rats after single inhalation exposures of 3,000 ppm

after three hours, 6,400 ppm after one and one-half hours, and 20,000 ppm after
eighteen minutes.

2.1.2 Subchronic

Animal

Tucker, et al. (1982) exposed mice to TCE in their drinking water for six
months. Increased liver weights were observed in males at 216 mg/kg/day. In
addition, at 393 mg/kg/day, an elevation of urinary ketones and protein occurred,
and at 660 mg/kg/day a decrease in body weight and increased kidney weights
resulted. All three changes were seen in female mice at 793 mg/kg/day.

Similar changes were described in animals exposed via inhalation. At 400
ppm, rats exposed for seven hours/day, five days/week for six months had increased
liver and kidney weights and increased liver weights were seen in guinea pigs and
rabbits (Adams, et al, 1951). In the same study, body weights were decreased in
guinea pigs at a dose level of 200 ppm and in male rats at 400 ppm. Increased liver
weights were also reported in rats intermittently exposed to 55 ppm for fourteen
weeks (Kimmerle and Eben, 1973).

Slight growth depression was observed in a number of animal species that were
continuously exposed to 35 ppm for ninety days (Prendergast, et al, 1967).
Histological changes were noted in a number of areas of the brain, particularly the
cerebellum, in dogs that were exposed to TCE vapor at concentrations ranging from

500 to 3,000 ppm (two to eight hours/day, up to five days/week for up to 162 hours)
(Baker, 1958). '

2.1.3 Chronic

Human

A number of symptoms have been reported by individuals that were
occupationally exposed to air concentrations ranging from 50 to 6,300 ppm for periods
ranging from six months to twenty-five years. These include headaches, dizziness,
anxiety, cardiac abnormalities, flushing of the face, and fatigue.

Animal

Other than carcinogenicity bioassays, no studies could be located in the
surveyed literature that addressed the chronic toxicity of TCE in animals.
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2.1.4 Teratogenicity

Teratogenic effects have also been seen. Pups born to mice treated via
inhalation with 300 ppm for seven hours/day on days six to fifteen of gestation
exhibited decreased body weights, and delays in skeletal development and testicular
descent (Schwetz, et al.,, 1975). Decreased fetal size and delayed ossification have also
been reported by other investigators (U.S. EPA, 1984).

2.2 Mutagenicity and Carcinogenicity

Of six animal studies investigating the carcinogenic potential of TCE, two
have given positive results for liver tumors in male and female mice. The other
studies were considered by EPA to be technically flawed or gave negative results
(Eederal Register, 1985). On the basis of this evidence, as well as additional evidence
of TCE causing lymphomas and lung tumors in mice, EPA has conservatively
classified TCE in Group B, (i.e., sufficient evidence of carcinogenicity in animals
and inadequate data in humans). Based on a study conducted by the National Cancer
Institute in which TCE was administered to mice orally by gavage, EPA’s Carcinogen
Assessment Group calculated that lifetime exposure to 1.8 ug/l of TCE in drinking
water poses a 107" (one in a million) cancer risk, assuming the ingestion of two liters

of water per day (Federal Register, 1984).

TCE has given positive responses in a number of mutagenicity tests. These

include increased mutagenicity in strains of Salmonella tvphimurium, Saccharomvces
cerevisiae, and E. coli, and a positive reaction in the mouse spot test (Clayton and
Clayton, 1981; U.S. EPA, 1984).

3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 Oral »
Carcinogenic 1.10 x 1072 (mg/kg/day)'l (US. EPA, 1986)
Potency Factor
RfD 7.35 x 1073 mg/kg/day  (US. EPA, 1987a)
MCL 5 ug/! (US. EPA, 1987b)

3.2 Inhalation

Carcinogenic 460 x 1073 (mg/kg/day)’! (US. EPA, 1986)
Potency Factor

TLV-TWA 50 ppm (270 mg/m>) (ACGIH, 1987)
TLV-STEL 200 ppm (1,080 mg/m3)  (ACGIH, 1987)
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URANIUM (U)

1.0 PHYSICQ/CHEMICAL PROPERTIES (Natural Uranium)
(Clayton and Clayton, 1981; US. EPA, 1985)

Atomic Weight 238.03
U-238: 99.27%
U-235: 0.72%
U-234: 0.006%
Specific Gravity 19.05 (25°C)
Melting Point 1132.3°C
Boiling Point 3818°C
Half-Life 2.47x10° years (U-234)

7.1 x 1089ycars (U-235)
4.51 x 107 years (U-238)

20 TOXICOLQGICAL EFFECT

The following discussion primarily addresses the toxic effects of natural
uranium. Since the three isotopes comprising natural uranium occur in consistent
proportions and since their half-lives vary, it is possible that the toxicity of other
mixtures containing the same isotopes may differ from that of natural uranium. The
main target of the toxic chemical effects of uranium is the kidney. There is
insufficient evidence for the radiometric effects of natural uranium.

2.1 Noncarcinogenic Effects

2.1.} Acute

Human

Individuals who were administered oral doses of 30 to 60 mg of uranyl nitrate
two to three times per day exhibited glucosuria, reduced urine output, and thirst.
These symptoms were reversible after treatment ceased. An individual who
voluntarily ingested 1 g of uranyl nitrate was reported to show diarrhea, vomiting,
and slight albuminuria (Hodge, et al., 1973).

Accidental exposure to uranium hexafluoride in the workplace has been
associated with injury to the eye (corneal and conjunctival damage), the respiratory
tract, and the urinary tract. Nervous symptoms (mental derangement, tension,
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restlessness) were also described. These manifestations were reversible (Clayton and
Clayton, 1981).

Animal

Acute exposure to uranium in animals results in kidney damage. Few oral
studies have been carried out, and no acute inhalation studies were located in the
surveyed literature. A lethal oral dose of 1,400 mg of uranyl nitrate has been
reported in the dog (U.S. EPA, 1983).

2.1.2 Subchronic

Animal

Studies in which a variety of laboratory animals (mice, rats, dogs, rabbits)
were fed diets containing 0.02 to 10 percent soluble uranium compounds (e.g., urany!
oxide, uranyl nitrate, uranyl acetate) for 30 days indicated kidney damage at all
exposure levels (Hodge, et al, 1973). Diets containing 2 to 10 percent led to 100
percent mortality in all species tested. A diet of 0.5 percent resulted in 100 percent
mortality in rabbits. Diets containing 0.1 to 1 percent led to growth depression.

Subchronic oral exposure to uranium can also lead to damage in other tissues
and organs, although they are less sensitive than the kidney. Liver damage has been
reported in rats that were fed 100 mg/kg uranyl nitrate every other day for
approximately one month (Goel, et al, 1979). Testicular and thyroid damage were
reported in rats that were administered 0.1 percent uranyl nitrate in their drinking
water for four months (Malenchenko, et al., 1978).

Dusts and mists of wuranium hexafluoride, uranyl nitrate, wuranium
tetraf Iuoridg, and uranyl fluoride were fatal to most laboratory species exposed daily
to 20 mg/m fgr one month; a concentration of 2.5 mg/m° was fatal to some species
and 0.2 mg/m” was fatal to a few animals. _Uranium tetrafluoride and uranium
dioxide were fatal to a few animals at 20 mg/m3 (Clayton and Clayton, 1981).

2.1.3 Chronic

Animal

Growth depression was observed in dogs fed uranyl nitrate in their diet at 0.2
g/kg/day for one year (Hodge, et al., 1973). Some kidney damage was seen in dogs
fed 10 g/kg/day. Borderline growth depression was seen in male and female rats fed
0.1 and 0.5 percent uranyl nitrate in their diet, respectively, for two years (Clayton
and Clayton, 1981).

Increased serum alkaline phosphatase, thought to be due to kidney damage, was
measured in the blood of rats that were administered 60 mg/1 uranyl nitrate orally
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for 11 months. Morphological changes were observed in the kidneys of rats and
guinea pigs at this dosing level (Novikor, 1970, 1972). Changes in urinary resorptive
capacity were reported in rats that were given uranyl nitrate by gavage at 16
mg/kg/day for two years (Gus'kova, et al., 1966).

In a chronic toxicity study conducted by the Canadian Radiation Protection
Bureau (CRPB, 1980), increased serum alkaline phosphatase was seen in rats fed
uranyl nitrate at 0.9 mg/kg/day in their drinking water for 11 months. At 2.1}
mg/kg/day, acid phosphatase activity was inhibited in the spleen and nucleic acid
metabolism was decreased in the kidneys and liver. Dogs that were administered 2.11
mg/kg/day of uranyl nitrate for 21 months were found to have changes in blood
morphology, alterations in thyroid and liver function, increased basal metabolism, and
hematopoietic deficiency.

Fibrotic changes, suggestive of radiation damage, were occasionally seen in the
tracheobronchial lymph nodes of dogs and monkeys that were administered uranium
dioxide via inhalation at 5 mg uranium/m” (6 hrs/day, 5 days/week) for periods of
greater than three years (Clayton and Clayton, 1981). Alpha radiation doses were
estimated at greater than 500 rads to the lung and 7000 rads to the tracheobronchial
lymph nodes.

2.1.4 Teratogenicity |

There was no information in the surveyed literature regarding the
teratogenicity or reproductive effects of uranium exposure.

2.2 Mutagenicity and Carcinogenicity

There is insufficient evidence in laboratory animals or humans for the
carcinogenicity of natural uranium through the oral or inhalation routes. Cancer has
been experimentally produccd, however, with other uranium isotopes and through
other routes of entry. 3has been observed that when a suspension of powdered
uranium (50 mg U/0.05 cm” lanolin) was injected into the femur or pleural cavity of
rats, that tumors were produced at the injection site. The tumors formed at the
femur metastasized to other sites (Heuper, et al, 1952). Bone cancers have been
produced in rats injected intravenously with U-232 or U-233 (Finkel, 1953).

Although the evidence for the carcinogenicity of natural uranium is
insufficient, because it accumulates in bones similar to radium, the U.S. EPA has
stated that it expects that the radiotoxicity of uranium via the oral route would also
be similar to that of radium (U.S. EPA, 1985). The ingestion of radium produces bone
cancer. Based on this assumption, the specific activities of U-234 and U-238 (the
contribution of U-235 is considered negligible), the ingestion of 2 liters of water per
day, and an uncertainty factor of 4 to 5, the U.S. EPA (1985) has estimated that a
drinking water activity lgvel of 0.7 pCi of natural uranium per liter will pose a
lifetime cancer risk of 10 (one in one million).
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3.0 HUMAN HEALTH CRITERIA AND STANDARDS

3.1 Oral
AADI 6 to 60 ug/1 (US. EPA, 1985)

(4 to 40 pCi/l)

10°® Cancer Risk-- 0.7 pCi/1 (US. EPA, 1985)
Drinking Water
24-Hour SNARL 3,500 ug/1 (NAS, 1980)
7-Day SNARL 210 ug/1 (NAS, 1980)
Chronic SNARL 35 ug/l (NAS, 1983)

3.2 Inhalation
TLV-TWA 0.2 mg/m3 (ACGIH, 1987)
TLV-STEL 0.6 mg/m3 (ACGIH, 1987)
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SUPPLEMENT C

APPOACHES USED TO ESTIMATE EXPOSURE CONCENTRATIONS
AND CONTAMINANT MIGRATION TIMES FOR SCENARIO B

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADOQ MARCH 1, 1988 APPENDIX 1






SUPPLEMENT C

Approaches Used to Estimate Exposure Concentrations
and Contaminant Migration Times for Scenario B

Source controlled flow in the alluvium complicates the predic-
tion of contaminant concentrations downstream of the SWMUs..
Given the 1lack of continuous saturation (both temporal and
spatial), transport occurs as discrete slugs. Much of the slué
is released to the surface system as stream flow (flooding),
the turbulence of which 1is very 1likely to volatilize the
organic contaminants of concern. As the recharge source (event)
declines, the water level in the alluvium alsc declines until
flow ceases in the absence of the driving recharge source and
is consumed by evapotranspiration. If one assumes that phreato-
phytes cover about 20 percent of the alluvium and that evapo-
transpiration is equal to the pan evaporation rate (Meinzer,
1927), then 40 inches of evapotranspiration is slightly more
than enough to consume the water in the alluvium (20,000 feet
long, 150 feet wide, 6 feet deep and 0.1 proposity). Evapo-
transpiration can also be expected to volatilize the volatile
organics of concern.

In spite of these considerations it 1is possible to estimate the
contaminant concentrations at the plant property boundary if it
is assumed that flow occurs under full-alluvium conditions for
a certain portion of the year (the following analyses assume
half of the year). Contaminants enter the alluvial flow system
from the colluvium, are diluted by flow already in the allu-
vium, and then are transported (advected and dispersed) to the
boundary. The concentrations are predicted as follows. It is
assumed that no attenuation processes other than dilution
(e.g., volatilization, sorption) act upon the contaminants as
they are transported to the boundary.

C-1
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1)

2)

3)

The contaminants concentrations in the alluvial system
beneath the solid waste management units (SWMVs) at the 881
Hillside location are diluted by through-flow from upstream
in the alluvium. Flow in the alluvium is produced equally
by flow from the sides, which can be expressed as g gallons
per minute per foot of side. The through-flow can be
estimated based on the length of the sides of the alluvium
upstream of the SWMU (approximately 10,000 feet on each.
side). Flow from the SWMU can be estimated as a proportion
of the through-flow based on the length of side occupied by
the SWMU (500 feet). The influent from the SWMU is
500/20,000 of the total flow downstream of the SWMU.
Therefore, the initial contaminant concentrations are
diluted by a factor of 38 (19,500/500) by the time they
reach the property boundary.

Based on an average ground surface gradient of 0.024%,
hydraulic conductivity of 0.002 feet per minute, and
effective porosity of 0.1 ( ), the contaminants are
estimated to move toward the property boundary at a
velocity of 250 feet per year. Thus, if the alluvium were
saturated for the entire year, travel time to the boundary
(approximately 10,000 feet from the 881 Hillside location)
would be approximately 40 years. Because the alluvium is
saturated only part of the year (assumed to be half of the
year), the actual travel time is on the order of 80 years.

While traveling toward the boundary, the contaminants are
dispersed, resulting in 1lower concentrations but faster
arrival times. Using Ogata (1970) to estimate longitudinal
dispersion effects results in the plot shown in Figure E-1

(Dispersion is calculated at the actual velocity because it
is dependent on velocity). Rates must be reduced for
saturation during part of the year). It can be seen that

Cc-2
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4)

the S50-percent concentration (i.e., 0.5 x 1/38 X on-site
concentration) reaches the boundary at the calculated
travel time and that the effects of dispersion are sooner
arrivals of low concentrations and later arrivals of high
concentrations. For the highest dispersivity considered

reasonable (500 feet), (approximately 20 percent) (0.2)

would arrive at the boundary in about 30 years if satura-
tion were continuous and in about 60 years if the alluvium
is saturated about half the time.

The effects of dispersion are transitory, and ultimately,
the full concentration (i.e., 1/38 of the on-site concen-
tration) will arrive at the boundary. Based on the above
calculations, the maximum concentration will be detected at
the boundary somewhere between 80 and 200 years after the
release begins, if the release continues unabated. It
should be noted that the maximum concentrationh will not be
reached at the boundary if the source is removed before the
0.5 concentration reaches the boundary.
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SUPPLEMENT D

Determination of Contaminant Concentrations in
Home Grown Vegetables Through Irrigation
and Uptake from the Soil

The estimated contaminant concentration in plants is a result
of two factors as represented by the egquation below. The first
term represents contamination from irrigation water, and the
second term represents contamination directly from the soil.
It was assumed that there is no buildup or 1loss of pollutants
in the soil through irrigation. In addition, it was assumed
that the total amount of water that a plant needs 1is being
taken up through irrigation.

Carrots
Contaminant
Concentration = (RCF X Cwater) + (Csoil. X -Br)
in Plant (1/kg) (mg/1) (mg/kg)

(mg/kqg)
where,
RCF = root concentration factor = K4 X Br

Csoil (mg/kg)
RKd = = soil to water
Cwater (mg/1) concentration factor
D-1
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Cplant (mg/kg)
Br = = soil to plant concentration
1 (mg/kqg) factor for nonvegetative

Csoi
(reproductive) portions
of food crops (unitless)

cwater = concentration in water (mg/1l)
CSoil = concentration in soil (mg/kg)
Lettuce

The estimated contaminant concentrations 1in lettuce were
calculated similarly to carrots; however, B  was substituted

for B.. B, is a soil to plént concentration factor for
vegetative portions of food crops, and is used for leafy

vegetables.

Values of K4, B, and B, chosen for the contaminants of
concern represent the average case and were taken from Baes et
al. (1984). These values are presented in Table D-1.
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Table D-1

Values of Concentration Factors

Chemical Kd By Br
Nickel 150 6.0E-02 6.0E-02
Selenium 300 2.5E-02 2.5E-02
Strontium 35 2.5E+00 2.5E-01
Uranium 450 8.5-03 4.0E-03

Tables D-2 and D-3 present the maximum and average plant contam-

inant concentrations (mg/kg) calculated for carrots and lettuce,
respectively.

D-3
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Table D-2

Predicted Contaminant Concentrations

in Vegetables (mg/kg)
Scenario A

Indicator Carrots Lettuce
Chemical Average Maximum Average Maximum
Nickel 1.50E+00 8.20E+00 1.50E+00 8.20E+00
Selenium 2.08E+00 1.58E+01 2.08E+00 1.58E+01
Strontium 2.53E+01 7.34E+01 2.53E+02 7.34E+02
Uranium 7.74E-02 2.30E-01 1.64E-01 4.89E-01

Table D-3

Predicted Contaminant Concentrations
in Vegetables (mg/kg)

Scenario B
Indicator Carrots Lettuce
Chemical Average Maximum Average Maximum
Nickel 7.99E-01 4.36E+00 7.99E-01 4.36E+00
Selenium 6.67E-02 4.27E-01 6.67E-02 4.,27E-01
Strontium 1.67E+01 5.28E+01 1.67E+02 5.28E+02
Uranium 1.43E-02 3.23E-02 3.03E-02 6.86E-02

D-4
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SUPPLEMENT E

Determination of Radiocactivity in Home Grown
Vegetables Through Irrigation and Uptake From the Soil

The concentration of radioactive material in vegetation results
from deposition on the plant foliage and from uptake from the
soil of activity deposited on the ground. The equation for the.
model used is presented below. The first term relates to the
concentration derived from foliage deposition during the
growing season. The second term relates to uptake from soil and
reflects long-term deposition. For a uniform release rate, the
concentration C, in the edible portion of crop species V, in
units of pCi/kg, is given by:

_ d/[' r[1-exp FAgte)] . B (1-exp (Ditp)] "

exp (-Aitph)

Cv
L YvAE PAi J
where,
C, = Concentration in the edible portion of the plant
(pCi/kg).
d’ o
= C,I (water deposition).
C, = Concentration in water (pCi/l).
I = Irrigation rate (l/mz/hr).
B, = Concentration factor for uptake from soil by
edible plants (pCi/kg(wet)/pCi/kg(dry).
P = Effective "surface density" for soil.
T = Fraction of deposited activity retained on crops.

E-1
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Yvk = Agricultural productivity in kg (wet weight/mz).

ty, = Midpoint of soil exposure time (hours).
te = Time period crops are exposed to contamination
during the growing season (hours).

ty = Holdup time (i.e., time between harvest and
consumption) (hours).

AE = Effective removal rate constant from crops
(1), provided that >‘E = Ai +A‘w'

WherEI

)\i = Radioactive decay constraint (hr™!) and
)w = removal rate constant for physical loss by
weathering.

Tables E-1 and E-2 list the values used for the variables, and
the estimated radionuclide concentrations in vegetables.

The annual dose equivalent is calculated using the following
equation:

R = chvD
Where:
UV = The intake rate of vegetables for an individual
(kg/yr).
C, = Radionuclide concentration in vegetables (pCi/kg).
D = Dose factor (mrem/pCi).

E-2
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Table E-1

Variable Value Comments

By, 2.5x10"3 Reference:
USNRC Reg. Guide 1.10
USNRC-NUREG/
CR-2011

P 240 kg/m2 Reference:
Reg. Guide 1.109

r 0.25 Reference:
Reg. Guide 1.109

Y 2 kg/m2 Reference:
Reg. Guide 1.109

th 1.31x10°3 hr Reference:
Reg. Guide 1.109

Te 1.44x103 hr Reference:
Reg. Guide 1.109
Assumes 60 day growing
cycle.

th 24 hr

ZE 2.1x1003 nr-1 Reference:
Reqg. Guidev 1.109 As-
sumes 14 day half-time
for removal.

Zi U-234 5.2x10710 pr-l -

U-235 1.11x10713 pr-1
U-238 1.75x10714 hr-l
I 0.133 1/m2/hr 3.18 1/m2 in one day
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Table E-2

Predicted Radionuclide Concentrations in Vegetables
(pCi’kg)
Scenario A

Average Maximum
U-234 100 225
U-235 3.6 10
U-238 76.9 254

The annual dose equivalent rate was multiplied by an organ

weighting factor of 0.12 to obtain the annual dose equivalent
rate.
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The annual dose equivalent is calculated using the following
equation:

R = UVCVD i
Where:
U, = The intake rate of vegetables for an individual
(kg/yr).
C, = Radionuclide concentration in vegetables (pCi/kg)Q
D = Dose factor (mrem/pCi).

The average adult vegetable ingestion rate was estimated to be
105 kg/yr (USNRC, 1981). Only 50 percent of the annual
consumption was estimated to be from the home garden. In the
calculation U = 52 Kg/yr. Listed below are the dose factors
for bone for the 3 uranium isotopes of interest.

Dose Factor

Radionuclide (mrem/pCi) Reference
U-234 8.37 x 10-4 Reg. Guide 1.109
U-235 8.02 x 1074 Reg. Guide 1.109
U-238 7.67 x 10~4 Reg. Guide 1.109

E-5
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SUPPLEMENT F

Estimates of Annual Dose Equivalents Resulting from the
Inhalation of Fugitive Dusts and Soil Ingestion

The daily contaminant intake of uranium from the inhalation of
fugitive dusts was calculated using the equation in Section
4.3.4. It was assumed that the dust particles were 1 um (AMAD)
and that retention in the pulmonary compartment of the lung is
25 percent (ICRP,79). These results are presented in Table F-1.
An estimate of the annual dose equivalent received from the
inhalation of dusts is presented in Table F-2.

Annual dose equivalents for the ingestion of soil were calcu-
lated using dose conversion factors from MILDOS and making the
same assumptions regarding intake as for the chemicals (Section
4.3.6). These results are presented in Table F-3. ‘
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Table F-1

Daily Contaminant Intakes through Fugitive Dust Inhalation -
(pCi/day)

Scenario A

Radig— : Adult Child

nuclide Average Maximum Average Maximum
U-233,

234 7.63 x 1075 1.87 x 1074 1.91 x 1075 4.68 x 1073

U-238 8.10 x 10-5 S 1.62 x 104 2.03 x 1075 4.04 x 10~

Table F-2

Annual Dose Equivalents from the Inhalation of Fugitive Dusts
(mrem/yr)

Scenario A

Radionuclide Whole Body Bone

Maximum Exposed Adult
U-234 4.2 x 104 6.7 x 103
U-238 3.2 x 1074 5.4 x 10~3

Average Exposed Adult

U-234 1.8 x 104 2.9 x 1073
U-238 1.6 x 1074 2.7 x 10-3
F-2
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Table F-3

Annual Dose Equivalent from the Ingestion of Soil -
(mrem/year)

Scenario A

Average Maximum
U-234 U-238 U-234 U-238

child

Whole body 7.62 x 1072 4,52 x 103 8.09 x 1072 9.59 x 103

Bone 4.16 X 1072 4.06 x 1072 1.02 x 1071 2.09 x 10—2
Adult

Whole body 4.82 x 10~% 4.50 x 1074 1.19 x 10-3 8.98 x 104

Bone 7.79 x 1073  7.61 x 10~3 1.91 x 10-2 S 1.52 x 102

F-3
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APPENDIX 2

SCREENING OF APPLICABLE, OR RELEVANT
AND APPROPRIATE REQUIREMENTS

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 2
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APPENDIX 3
COST ESTIMATES .
881 HILLSIDE AREA FEASIBILITY STUDY

ANALYTICAL METHODS

Cost analyses used in this report included estimation of capital and operations
& maintenance costs and present worth analyses. The present worth analyses were
performed to demonstrate the life cycle costs of identified alternatives. Costs
presented in this feasibility study have been prepared by our estimating department
using a site specific estimating system. Costs are based ﬁpon vendor estimates,
prevailing labor and material rates, and our recent experience with similar operations
at this site. All costs are presented in 1988 dollars. Costs were estimated for discrete
units (components) which appear in their entirety in one or more alternatives. The
estimated costs of each component associated with a particular alternative were added
to yield the alternative costs (Tables 4-8 and 4-9). This approach was used because
the alternative descriptions were optimized constantly during the preparation of this
report. Be defining component subsets of each alternative, we were able to avoid
numerous redundant calculations of alternative costs. Capital costs were distributed

in accordance with the schedule discussed under ASSUMPTIONS, below.

P
ASSUMPTIONS
To demonstrate the relative costs of each alternative, a consistent set of
assumptions was required. For the purpose of this report, we have assumed that all
capital improvements would be designed and constructed in accordance with existing
. policies and standards appropriate to this site, the Davis-Bacon Act applies to the

881 HILLSIDE AREA FEASIBILITY STUDY REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO MARCH 1, 1988 APPENDIX 3



capital construction required for each alternative, and that all specified activities

occur during the schedule presented in Table A3-1.

DATE EVENT

5/88 Lead agency accepts recommended remedy

1/89 End of design and contractor selection period,
8 months

1/89 Begin construction

4/1/89 Complete construction

4/15/89 Complete S.0. testing & adjustment

4/15/89 Begin operation

This schedule is presented to facilitate consistent cost analyses. The schedule
. ‘ is optimistic but not unreasonable and provides a common base upon which to
» calculate life cycle costs. It is not necessarily a realistic schedule because of events
which may be beyond our control and modifications to the remedy which may occur
prior to implementation. A realistic schedule will be provided as part of our

Remedial Action Plan (RAP).

* OMPONENT T CALCULATIONS

Line item calculations for all components are presented in Tables A3-2 and A3-
3. Table A3-2 includes all components other than the treatment unit. Table A3-3
presents the line item estimate for the proposed UV/Peroxide oxidation treatment

unit.
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