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LRWQCSB Lahontan Rogionai Water Quality Control Board -
MCL Maximum Contaminant Level :
mg/kg Hilligram per kilogram i
mg/m3 Milligrams (thousandths of a gram) per cubic meter of air =
MTD Maximum Tolerated Dose -
N, Nitrogen
NAAQS National Ambient Air Quality Standard
NAS . National Academy of Science :
NcI National Cancer Institute .
ng/dncn Nanograms per dry normal cubic meter ]
ng/n’ Nanograms (billionths of a gram) per cubic meter of air
NOAEL No Observed Adverse Effect Level
NOEL No Observed Effect leval :
NIOSH National Institute of Occupational Safety and Health N
NTP National Toxicolegy Program =
©; oxygen ‘ ' :
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PEL : OSHA worker Permissible Exposure Limit E
pg/um’ . Picograms (thousandths of a billionth of a gram) per cubic
neter of air
PM,, Inhalable particulate
ppb - Parts per billion =
PPR Parts ber nillion g
PPt Parts per trillion
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GLOSSARY OF TERMS*

Absorbed dose - The amount of a chemical that enters the body of
an exposed organism. ’

Absorption - The uptake of water or dissolved chemicals by a cell
or an organism.

- The fraction of a chemical making contact
with an organism that is absorbed by the organism.

‘Agute - Occurring over a short period of time; used to describe

brief exposures and effects which appear promptly after
exposura - :

Adsorption - The process by which chemicals are held on the
surface of a mineral or soil particle. Compare with

absorption.
Apbient - Environmental or -hrroundiné conditions.

Animal studies - Invostigations using animals as surrogates for
hunmans, on the expectation that results in animals are

pertinent to humans.

- Normal ambient envircnmental concentration of
a chenical.

= The retention and concentration of a substance
by an organism. Bioaccumulation refers to a process which
includes both bioconcentration and uptake of substances from

dietary sources.

= A nmeasure of the degree to which a
substance will accumulate in fish tissue as a result of
contact with water, ingestion of food containing the
substance, and contact with sediments containing the

" substances.

Bloassay -'cht which is used to evaluate the effasct of a
chexical on a living organism.

= The ratio of the amount of a
chemical that will concentrate in fish tissue solely as the
result of the fish swimming in and ingesting water.

Blodegradation - Decompesition of a substance into more
elementary compounds by the action of microorganisms such as

bacteria.

cancer - A disease characterized by the uncontrolled growth of
aberrant cells intc malignant tumors.

PGECO21125
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gcarcinogen - A chemical which causes or induces cancer.

- The astimated risk of cancer per unit of
administered dose.

- Occurring over a lbng period of time, either
continuously or “intermittently; used to describe ongoing
exposures and effects that develop only after a long

exposure.

- long-term, low-level exposure to a toxic
chenmical.

Dearadation - Chemical or biological breakdown of a complex
compound into simpler compounds.

« The study of the characteristics of human
populations such as size, growth, density, distribution, and

vital statistics.
Dermal - Of the skin; through or by the skin.
Dermal exposure - Cbntact b{fwaen a chenical and the skin.

Dose - See absorbed dosge,

Dose-response - A quantitative relationship between the dose of a
’ chemical and an effect caused by the chemical.
- « A graphical presentation of the

relationship between degres of exposure to a chemical (dose)
and observed biological effect or response.

- The destiny of a chemical after release to
the environment; involves considerations such as transport
through air, soil and water, bioconcentration, degradation,
etc. .

- Investigation of elements contributing
to disease or toxic effects in human populations.

Exposure = Cohtact with a chemical or physical agent.

= The deterxmination or estimation
(qualitative or quantitative) of the magnitude, frequency,
duration, route, and extent (number of people) of exposure
to a substancs.

| = The amount (concentration) of a substance at the
absorptive surfaces of an organism.

- A set of conditions or assumptions about
sources, exposure pathways, concentrations of toxic

PGEDO21126
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chemicals and populations (numbers, characteristics, and
habits) which aid the investigator in evaluating and
quantifying exposure in a given situation.

- Estimation of unknown values by extending or
projecting from known values.

Half-life - The length of time required for the mass,
concentration, or activity of a chemical or physical agent

to be reduced by one-half.

Inggstion - To take in through the mouth.

Intake - Amount of material inhaled, ingested, or absorbed
dérmally during a specific pericd of time.

- Studies of chemical effects conducted in
tissues, cells, or subcellular extracts from an organism
(i.e., not in the living organism.)

LADD - Lifetime Average Daily Dose; the amount of chemical
administersd to a body per unit of body weight per day

averaged over an entire lifetime.

IOAEL - lowest-Obsaerved-Adverse-Effect lLevel; the lowest dose in
an axperiment which produced an observable adverse effect.

Metabolism - The sum of chemical reactions occurring within a
cell or a whole organism; includes the energy-releasing
breakdown of molecules and the synthesis of new molecules.

Metabolite - Any product of metabolism, especially a transformed
chemical.

Modeling - Use of mathematical equations to simulate and predict
real events and processes.

- Measuring concentrations of substances in
cnyironncntal media or in human or other biological tissues.

e - Ah agint'that causes a permanent genetic change in a
cell other than that which occurs during normal genetic
recombination. :

Mutagenicity - The capacity of a ehoniéal or physical agent to
‘cause permanent alteration of the genetic material within

living cells.

NOAEL - No-Observed-Adverse-Effect-Level; the highest dose in an
experiment which did not produce an observable adverse

effect. .
Qral - Of the mouth; through or by ;he iouth.
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- An estimate of size or magnitude expressed
as a multiple of ten. For example, two orders of magnitude
(10 x 10) is 100.

- The dynamic behavior of chemicals inside
biological systems; it includes the processes of uptake,
distribution, metabolism, and excretion.

Population at rigk - A population subgroup that is more likely to

be exposed to a substance, or is more sensitive to a
substance, than the general population.

Potency - See Carcinogenic potency or unit cancer risk.

- Descriptive of kind, type, or direction, as opposed
to size, magnitude, or degree.

Quantitative - Descriptive of size, magnitude, or degree.

Raceptor - In. exposure assessment, an organism that receives, may
receive, or has received.environmental aexposure to a
chenical.

v = An epidemiological study which compares
diseased persons with non-diseased persons and works back in
time to determine exposures.

- An effect which is not permanent, especially
adverse effects which diminish when exposure to a toxic
chemical is ceased.

Risk - The potential for realization of unwanted negative
consegquences or events.

- A qQualitative or quantitative evaluation of the
environmental and/or health risk resulting from exposure to
a chemical or physical agent (pollutant); combines exposure
assessment results with toxicity assessment results to
estimate risk.

Risk egtimate - A description of the probability that organisms
exposed to a specified dose of chemical will develop an
adverse regponse (e.g., cancer).

- Characteristic (e.g., race, sex, age, obesity) or
variable (o.z., smoking, occupational exposure leval)
associated with increased probability of an adverse effect.

= The avenue by which a chemical gains access
to the body (e.g., inhalation, ingestion, dermal contact).

Scenario - See exposure scenario.

-
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Subchronic - Of intermediate duration, usually used to describe
studies or levels of axposure between five and 90 days.

Teratogenicity - The capacity of a physical or chemical agent to
cause non-hereditary birth defects in offspring.

Threshold - The lowest dose of a chemical at which a specified
measurable effect is observed and below which it is not

observed.

Tisgue - A group of similar cells.

-« The quality or degree of being poisonous or harmful to -
plant, animal, or human life.

- Characterization of the toxicological
properties and effects of a chamical, including all aspects
of its absorption, metabolism, excretion, and mechanism of -
action, with special emphasis on establishment of dose-
response characteristics.

- A number (egual to or greater than one) used
to divide into NOAEL or LOAEL values derived from
measurements in animals or small groups of humans, in order
to estimate a NOAEL value for the whole human population.

- Thnroltinited increased lifetime risk of
cancer per unit of administered dose.

- The gaseous state of a substance that is a liquid or a
solid under ordinary conditions. .

- A circular diagram showing the relative frequency of
wvind directions and speeds as an annual average.

*Many of these definitions were taken from: Life Systems, Inc.,
1985, Toxicology Handbook, prepared for the Office of Waste
Prograns znforcnqpnt, Environmental Protection Agency.
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MATHEMATICAL UNITS

The mathematical units are based on a decimal system, that is,
one in vhich all derived units are multiples of ten. The
prefixes listed below, in combination with the basic unit names,

rovide multiples or fractions in this system. For example, the
npilli-" produces milligram, meaning

wone-thousandth of a gram." Values increase by orders of

magnitude with increasing pos}tive powers of ten. That is, 10°

(or 1,000) is greater than 10 (or 100). However, values =
decrease by o:deﬁp of magnitude with increasing negative powers

of 10. Thus, 10 is 0.001; 102 is 0.01. The following table

sunmarizes the principal prefixes, symbols, multiples of ten and

decimal notations (values) commonly used in this report.

unit "gram® with the prefix

Mathematical units commonly used in this Report

Prefix Synmbol Multiple Decimal Notation -
kilo x 10° . 1000 -
milli n 1078 0.001
micro u 107 0.000001
nano n 10”° 0.000000001 i
pico P 1071 0.000000000001
femto £ 10" 0.000000000000001

o ” PBEODZl 130
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1.0 EXECUTIVE SUMMARY

1.1 INTRODUCTION

The Pacific Gas and Electric Company (PG&E), in response to
Cleanup and Abatement Ordar No. 6-87-160 issued by the Lahontan
Regional Water Quality Control Board (LRWQCB) on Decamber 29,
1987, has retained Environmental Health Assocliates, Inc. and
Ecoclogy and Environment, Inc. to prepare this human health and
ecological risk assessment for the Hinkley Gas Compressor
Station. The risk assessment is one of four interrelated studies
performed concurrently addressing various aspects of the site; in
addition to this risk assessment, a site characterization, a
feasibility study, and a groundwater modeling study were
completed. The purpose of conducting the risk assessment is to
obtain and evaluate site-specific information rslated to
potential human health and ecological risks resulting from
chromium contamination discovered in groundwater and soils near
the Hinkley site. The principal goal of this assessment is to
evaluate potential risks associated with three alternatives being
considered for remediation of groundwater contamination
identified at the site. These alternatives are described below:

© Alternative 1 = Curient Irrigation Practice.
This alternative involves ongoing sgricultural irrigation
with contaminated groundwater, combined with supply of
bottled water to local residents for drinking and coocking

purposes.

o Alternmative 2 - Accelerated Agricultural Treatment.
Additional wells would be added within the plume to
accelerate chromium removal, and to manage withdrawal and
application of contaminated groundwater. Bottled
drinking and cooking water would also be supplied as part
of this alternative.
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o Alternative 3 - Domestic Water Replacement.
This alternative is an extension of Alternative 1, with
the addition of new residential water supplies for each
of the dwellings within the plume boundary. This
alternative would remove all domestic use of water
including showering, dish washing and garden irrigation,
which are not addressed by bottled water supply alone.

Additional ground water remediation alternatives are
addressed in the feasibility study. The three alternatives
evaluated in this risk assessment vere selected based on the
desire to evaluate the current situation as well as incremental
modifications to the current situation. Other alternatives not
addressed in this report involve more extansive modifications.

The risk assessment approach employed to evaluate these

- groundwater remediation alternatives is health-conservative, and

is believed to over-estimate the true risk significantly. The
analysis evaluates possibly significant environmental pathways
from the groundwater to human and ecological receptors through
wvater, air, soil and the foodchain; it addresses inhalation, oral
ingestion and dermal absorption exposure routes for all potential

receptors.

1.2 GROUNDWATER PROTECTION

Investigation of the original source of haxavalent chromium
groundwater contamination leads to the conclusion that chromium
is no longer entering the groundwater. Based upon the results of
physical and chemical tests, hexavalent chromium is no longer of
concern in soils, and trivalent chromium which is present will
not be transported to groﬁﬁdwatc:. In the near term, proposed
extraction of groundwater with subsaguent irrigation treatment
will reduce the groundwater concentrations of hexavalent (and
total) chromium to zero, or to concentrations below the
state/federal drinking water standard. Groundwater in the
vicinity of the Hinkley Compressor Station is therefore no longer
being contaminated, and will be restored to acceptable conditions
under the contemplated remedial alternatives.

l -2
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1.3 HEALTH RISKS

Health risks which might result from domestic and other use
of local groundwater during remediation have been estimated for
the three groundwater remedial alternatives introduced above.
Both cancer and noncancer effects have been evaluated. Noncancer
health effects are extremely unlikely under all three groundwater

_remediation alternatives. Zero cancer effects are theoratically

impossible because the analytic approach employs the agsumption
that cancer risks exist for all levels of exposure greater than
zero (the health=conservative *no threshold® approach). The
estimated cancer risks for the three remedial alternatives are
shown in Table 1-1. The table shows cancer risks corresponding
to twe different hexavalent chromium cancer potencies:

42 (mg/kg-day)’! and 91 (mg/kg-day)'. The lower potency is that
enployed by the U.S. Environmental Protection Agency in its
regulatory decision making regarding remedial actions. The
higher potency value of 91 (mq/kg-day)“ is a health-conservative
estimate, based upen all the known uncertainty factors in the
epidemiological data from vhich these chromium potencies have
‘been derived. It is the 95% upper confidence limit for a value
lying in the potency range promulgated by the California
Department of Health Servicss.

Risk management decisions and designs of remedial strategy
historically have been made by regulatory agencies based upon

three criteria:

o the additional risk to the maximally exposed individual;
o the expected additional cancer burden in the exposed

population; and
o the cost of increased remediation.

Federal regulatory agencies have required remedial action only
when cancer risk to the maximally exposed individual exceeds 10-
to 100-in-a-million and when the expected number of additional
cancers in the exposed population exceeds one. California
regulatory agencies require remedial action when the individual
risk exceeds 1- to 10-in-a-million or the expected number of
cancers in the exposed population exceeds one.

1-3

wz?se

poEO02:132

LI |

(NN I T I

PG4009861':8



Page 19 of 348

IE D O D O U G O O O . o am |

n
n
T
SAATLVNEAYIV ‘INIGZWAY YALVMANAOYD HOd MSIH HADNVO FAWILIAIT AIAGV JALVHILSH
T~-1 oTqel
(T eAFJ3IRUIB] Y JO uojsuLIXT)
y-1°0 Z2-50°0 0 o S (4 jueweonydey xejun oy3semoq (¢
. JuewWlVex],
-1 8°0-6°0 0 0 [4 T Teany(noyaby pejurerecov (2
11~ s-2 0 0 €1 9 eoyjovag uoyjubyaar jueaand (I
\ _ .
-6 A2 -—T1¢ N 4 2 e 4 2
~—{AUp=BY/Bd] . ~TACp-B{/BW) ' —{XUp-BY/Ba) " . BATIVUXSITV
[ cu (3 cu i c“ . o
. Teypowoy
(uoyTTIM a9d) (uogrTT® a0d)
ounid IweN eNpPIATPUL
BTUNPTATPUI I9YI0 uoraendod pesodxa pesodxg Ayyewyxey
03 ASTY J0oUwd uy exedcuvw) pejoedxy : 0o, Y9TH aevouw)
2
1

PR SR

PGEND2113Y

M

e B £



% 1 L d L _]

I D G I = Em &

0 &0 & .

For all three groundwater remediation alternatives evaluated
hera, no additional cancers are expected in the exposed
population. Maximum individual risk for all alternatives was
estimated to fall below the federal regulatory agency guidelines
for both cancer potencies. Only Alternative 1 fell above the
range of guidelines practiced in California, for the larger
cancer potency.

1.3.1 Alternative 1 - current Irrigation Practice

In Alternative 1, the analysis estimates that the lifetime
cancer risk to the maximally exposed individual is 6 to 13-in-a-
million, depending upon the cancer potency used. This is below
the federal regulatory agency remedial action level and under
these guidelines further remedial action would not be required.
It is within the California regulatory agency range of action
levels for the lowar potency factor. Also shown in Table 1-1
are lifetine cancer risks to other exposed individuals living or
working near the center of the groundwater plume. These risks
are sean to vary to significantly lover values than those for the

maximally exposed individual.

1,3.2 Alternative 2 - Accelerated Agricultural Treatment
In Alternative 2, maximum individual risk is estimated to be
1 to 2-in-a-million, again below the federal regulatory agency
guidelines and within the california range of guidelines.
Additional remedial action is therefore not indicated. Aagain

estimated risks for other exposed individuals can be
significantly less under this alternative.

-

' 3.3.3 Alternative 3 - Domestic Water Replacement

Individual cancer risk for the third remedial option is
estimated to be 2 to S-in-a-million, depending upon the cancer
potency factor employed. This alternative also meets both
fedaral and state regulatory agency remedial action levels.
Risks estimated for other expcsed individuals can be

1 -5
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significantly less than those for the maximally exposed
individual under this alternative. ’

1.4 ECOLOGICAL RISKS

Ecological risks have been evaluated for soil (microflora
and infauna), flora and fauna. Risks to soil are not expected to
be significant under any alternative except for micreoflora at one
l1imited on-site aresa (area C), vwhere soll remediation is being
evaluated in the feasibility study. Rigks to fauna are likeawise
expected to be insignificant (evaluated for the Mojave ground
squirrel, california vole, desert tortoise, desert cottontail

rabbit, badger and cow).

The assessment of Trisk to flora indicates that impacts upon
some crops grown in agricultural soils are possible, but that
crops such as alfalfa should not be affected. Field observations
confirm that alfalfa grown in the study area is not adversely
affected by current irrigation practices. The assessment also
indicates that impacts upon individual plants in family garden
plots, while not presently occurring, are possible under
remediation Alternatives 1 and 2 (vhich provide bottled drinking
and cooking water only), but not under Alternative 3.

1.5 CONCLUSIONS

The risk asscséﬁont reported here is believed to
overestimate risks significantly. Based upon this conservative
assessment the following conclusions may be drawvn.

1. Groundwater quality critical to the protaction of local
bhuman and ecological health will be achieved and maintained
under all of the remedial alternatives considered.

2. Estimated health risks possibly resulting frem the
hexavalent groundwater plume near the Hinkley Compressor
Station are not significant for any of the evaluated
remedial Alternatives under federal regulatory agency
practices. Only for Alternative 1 might they not meet

California regulatory agency guidelines.
1 -6
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Ecological risks to soil are possible under all thraee
alternatives only in a limited on-site area; soil
remediation is anticipated for this area. Some agricultural
species other than alfalfa may be at risk under all three
alternatives. Individual family garden plants may be at
risk under Alternatives 1 and 2, but not under Alternative
3. Because of the conservatism of the risk assessment,
these possible ecological risks may not exist.
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2.0 INTRODUCTION

The Pacific Gas and Electric Company (PG&E), in response to a -
Cleanup and Abatement Order No. 6-87-160 issued by the Lahontan
Regional Water Quality Control Board (LRWQCB) on December 29,
1987, has retained Environmental Health Associates, Inc. (EHA)
and Ecology and Enviromment, Inc. (E & E) to prepare this risk -
assessment for the Hinkley Gas Compressor Station. The
assessment is one of four interrelated studies performed
concurrently addressing various aspects of the site; in addition
to this risk assessment, a site characterization, a feasibility
study, and a groundwater modeling study were completed. This -
report evaluates potential risks associated with three
alternatives baeing considered for remediation of contanination
identified at the site. The first alternative is aquifer
mitigation via current irrigation practices. Alternative 2 is
agricultural treatment. In both these first two alternatives,
bottled water is provided to local residents for drinking and .
cooking purposes. The third alternative is a variation of
Alternative 1 in vhich water is provided to local residents for
all domestic purposes.

2.1. SITE DESCRIPTION

TR

2.1.1. LOCATION, FUNCTION, AND SETTING

The Hinkley Compressor Station is a natural gas pumping
facility that is part of PGiE’s Line 300 gas transmission systenm,
extending from Needles to Milpitas, California. This systen
provides up to 40% of the total natural gas used by northern
California. The site is located about seven miles west of
Barstow and three miles southeast of Hinkley, in San Bernardino
County, California (See Figure 2-1). Situated in the southern
Mojave Desert about 1.5 miles north of the Mojave River, the
station occupies approximately 20 acres of a larger PGLE parcel.
The station, which has been in operation since 1952, consists of
offices, a warehouse, and equipment and materials for compressing ;
natural gas in order to move it through the pipeline system.

i
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2.1.2. SITE HISTORY

In connection with PG&E’s ongoing environmental assessment
program and various permitting activities, PG&E personnel
collected a groundwater sample on November 13, 1987 from an
jnactive on-site well (Well #7). Test results received on
November 29, 1987 showed a hexavalent chromium (Cr(VI))
concentration of 0.57 mg/l. This concentration exceeded the
Environmental Protection Agency (EPA) standard of 0.05 mg/l for
total chromium (Cr(T)) in drinking water (USEPA, 1985).

The principal operation at the station which contributed to
the groundwater contamination was associated with a cooling
process at the facility. Gas compression generates heat,
requiring the gas and compressors to be cooled with water. The
water, in turn, is cooled by passage through induced draft
cooling towers. To inhibit corrosion of the cooling tower
structure and associated heat exchangers, certain chemicals are =
normally added to the water. A chromium-based inhibitor was used
for this purpese at the Hinkley Gas Compressor Station from 1952
until 1966 and has been identified as the probable source of
Cr(vVi) in groundwater samples collected downgradient from the
site. Since 1966, a phosphate-based corrogion inhibitor has
been used at the facility. 8ince 1972, the blowdown, or
wastewater, has been discharged to double-lined evaporation
ponds; the earlier ponds have since been abandoned and covered. =

In early December 1987, PGEE retained the consulting firms of
Harding Lawson Associates (HLA) and EHA to asgist in a
preliminary assessment of chromium contamination in groundwater =
near the site and to address any identified public health risks ;
to local groundwater consumers. In cooperation with the LRWQCB, .
and the San Bernardino County Department of Environmental Health
Services, PGEE and HLA sampled approximately S0 wells within a 2
nine-square mile area. The wells sampled included active and
inactive public and private supply wells for domestic,

_agricultural, and industrial uses. In addition to analyzing

samples collected for chromium and various inorganic
constituents, groundwater levels were approximated based upon
mapped surface elevations for each vell.
Results of the initial testing program were summarized in the
Preliminary Site Appraisal Hinkley Compressor Station ’

i
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(Harding Lawson Associates, 1988), which was submitted to the
LRWQCB on January 27, 1988. In that report, & plume of
groundwater containing chromium exceeding the current drinking
water standard of 0.05 mg/l was delineated. The approximate
areal extent of the plume was defined at that time, and has been
refined based on further field studies by E & E (see Section
2.1.3).

Subsequent to the preliminary site appraisal, PG&E initiated
a comprehensive review of historical files and other information
relating to the use of chromium as a corrosion inhibitor at the
Hinkley Gas Compressor Station. The purpose of this ressarch was
to ensure a full understanding of past chromium treatment and
disposal practices which may affect the design of the site
characterization and remediation. All information relevant to
these historical activities is reflected in the current site
characterization report and the feasibility study and is being
used in this risk assessnment.

2.1.3. EXTENT OF ENVIRONMENTAL CHROMIUM (HEXAVALENT AND TOTAL)

Groundwvatexr

Based on samples collected by E & E and analyzed in May 1988
in conjunction with the site characterization study,
concentrations of total chromium in groundwater beneath the site
range from below the analytical detection limit of 0.01 mg/l to a
maximum level of 4.2 mg/l. Contamination appears to be limited
to the unconfined groundwatii zones above an impermeable “"blue
clay" layer, vhich is found under the plume at a depth of between
120 and 150 feet. Groundwater occurs at depths ranging from
approximately 75 to 105 fast. The plume delineating chromiun
concentrations of 0.05 mg/l or above extands about 1-1/2 miles
north-northwest of the compressor plant, and reaches a maximum
width of about 1/2 mile (Figure 2-2). The areal extent of the
plume is approximately 0.45 square miles. The data show
essentially all of the chromium in the groundwater is in the
hexavalent stats. Due to the greater possibility of analytical
interferences at low concentrations of Ccr(VI), and in orxder to
assure consistency throughout this report, cr(T) values will be
referred to for all discussions pertaining to groundwater
contamination in the Hinkley study area. The reliability of all =
data generated is discussed in detail in the Site
Characterization Report.
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E & E also collected approximately 360 soil samples from
three on-site areas and analyzed them for both Cr(VI) and Cr(T).
Samples were collected from the surface and subsurface (down to
80 feet), from trenches, monitoring well boreholes, and soil
borings. Only 19 of the samples collected contained Cr(VI) or
Cr(T) at levels of concern. The highest lavel of Cr(VI) detected
was 10.2 mg/kg, taken from visibly stained soil near the bottom
of the former drainage ditch. Cr(T) levels ranged up to 3,940
mg/kg. Waste extraction tests (WETs) performed on six soil
samples show that neither Cr(VI) nor Cr(T) bound to the soil are
very soluble.

5

2.2, gmwmmm

The principal objective of this assessment is to provide an
estimate of the human health and environmental risks which could
reasonably be expected under several alternatives for remediation
of the Cr(VI) contamination in groundwater at Hinkley. The
effects of three different mitigation options on groundwater,
human, soil, plant, and non-human animal receptors are addressed.

The assessment is, by design, protective of human and
envirormental health. Accordingly, health-conservative
interpretations of data, models, projections and astimations are -
used throughout. The EPA/DHS approaches to risk assessment have
been followed (USEPA, 19877 California Department of Health
Services, 1985). : .

A B

| 1 TN

2.3. QRGANIZATION OP TEIS REPORT

This report is divided into the following sections: Executive
Summary, Introduction, Source Characterization, Description of
Exposed Populations, Remedial Alternatives, Environmental
Pathways, Buman Health Risk Assessment, Ecological Risk
Assessment, and Summary and Conclusions. The Exacutive Summary
presents the objectives, approach, results, and conclusions of
the risk assessme:rt. The Introduction provides an overview of
the process folloved. The Description of Exposed Populations
addresses the receptors (potentially exposed organisms) present
at the site, whose risks must be considered. The Remediation
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Alternatives chapter outlines the proposed remediation actions
which affect the envirormental conditions affecting potential
exposures at the site. The Environmental Pathways section
describes the environmental fate and transport of the toxicants
through time, estimating concentrations in various environmental
media to which the receptors might be exposed. It also addresses
health impacts possibly occurring during the remediation of on-
site chromium concentrations. The Human Health Risk Assessment
utilizes information from the previous sections to estimate the
risks (probability of harm) to potentially exposed human
receptors. The Bcological Risk Assessment estimates similar
risks to soils, plants and non-human animals which may be
exposed. The Summary and Conclusions descrivdes the risks or lack
thereof, to human and non-human receptors, and discusses those -
findings in the context of regulatory requirements.

Figure 2-3 shows how the various components of this risk
assessment are related. Report locations for the camponants ot
the analysis are identified within the boxes.
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- Exposure routes
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IDENTIFICATION

Cumen, chp. 7.0)
(Norhuman, chp. 8.0)

]
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(Numan, chp. 7.0)
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SELECT UPPER-SOUND
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(Chapter 4.0)

1

MODEL ENVIROMMENTAL

TRANSPORT AMD FATE

(Chapter 6.0)

(Noninamn, chp. 8.0)
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(Whuman, chp. 7.0)

]

J

]
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(man, chp. 7.0)
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]

SUMARY AD CONCLUSIONS
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Figure 2-3: Risk Assessmsnt Flow Chart
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3.0 BOURCE CHARACTERIZATION

The purpose of this chapter is to sumarize significant
background information used in developing the risk assessment.
General chemical and physical properties and behavior of chromium
species are described, followed by a summary of regional and
site-specific geologic, hydrologic, and atmospheric factors
potentially influencing chromium transport. The report concludes .
with site-specific discussions of the distribution of chromium in -
soll, groundwater, air, flora, and fauna, as determined by recent )
sampling events. This portion of the report incorporates
sampling methods, locations, and results, and provides the
foundation upon which risk assessment determinations are based.

3.1. PROPERTIES AND OCCURRENCE OF CHROMIUM . -
3.1.1. GENERAL PROPERTIES 2

Chromium, a member of Group VI-B of the periodic table, has
an atomic number of 24, an atomic weight of 51.996, a specific -
gravity of 7.18 at 20°C, a melting point of 1,903°C, and four
stable isotopes, of which 520 is the most abundant at 83.76%.

It is a steel-gray, lustrous, hard, brittle metal that takes a
high polish. Theoretically, chromium can occur in any oxidation
state from II to VI, but is commonly found only in states O, III,
and VI, with III being the most stable (Mertz, 1969). Wwithin the
ranges of pH and oxidation-reduction potential (Eh) found in
soils, it can exist in four states, namely, two trivalent forms,
cr* cation and the Cro® anion, and two hexavalent anion forms,
cr,0, (dichromate) and Cr0; (chromate). Chromium compounds with
oxidation states below III are reducing, and those with greater
than III arée oxidizing. Of the forms found in nature, the
trivalent is relatively benign while the hexavalent is toxic.

Chemically, the trivalent state is the most stable.
Trivalent chromium exists primarily as stable 6-coordinated
octahedral complexes with both organic and inorganic ligands.
Chromic ion does not exist in solution as such; it forms
complexes with water and other anions in acidic solutions (pKa =
4.97. At higher pE, the hydroxo ion condenses to hydroxo-bridged
polynuclear specles which slowly precipitate out of solution.
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This property contributes to the most significant removal

mechanism for Cr(III) from the aquatic environment (USEPA, 1984).

In neutral and basic solutions Cr(III) can form stable complexas

with biological molecules such as proteins and peptides through i
hydroxy-(OH) or oxo=-(0) bridges.

All hexavalent chromium compounds except chromium =
hexafloride, CrF,, exist as oxo=-spacies such as chromium oxide,
Croy, chromyl chloride, Cro,Cl,, chromate, Cro‘ , and dichromate,
Cr,0; 2 which are strong oxidizing agents (USEPA, 1984). 1In
solution, hexavalent chromium exists as part of complex anions
rather than as cations and does not readily precipitate at
alkaline pH (USEPA, 1985). Hexavalent chromium species are
generally unstable (except in water, see below) due to their high
reactivity and kinetic reactivity. They rarely occur naturally
in the environment except as a consequence of contamination from
industrial sources bacause they are readily reduced to the
trivalent form in the presence of organic matter. Hexavalent
chromium compounds are considerably more soluble in water than
trivalent compounds, but the solubility of each of the valence
states depends on the particular salt and the pE. Once
introduced into water with low concentrations of organic
material, hexavalent chromium frequently remains unchanged.
(USEPA, 1984). Under physiological conditions (pH = 7.4) the
oxidation-reduction potential of the chromate and dichromate
half-reactions indicate that Cr(vIi) should be a fairly good
oxidizing agent (Hamilton, Wetterhahn & Seiler, 1988).

a

leiey .

3.1.2. NATURAL OCCURRENCE

P

Chromium is an element that occurs naturally in the esarth's
crust and is typically found in the atmosphere, soil, and water.
The primary socurces of naturally occurring chromium are
continental dust, volcanic dust, and gases. Chromite ore, (Mg,
Fe) (Cr, Al, Fe),0,, is the major mineral form of chromium. The
occurrence of ch:oniun in air, watar, and soil is discussed
below.
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Alr e

Chromium concentrations in air vary with location (USEPA,
1978). In urban areas, concentrations of Cr(T) in the atmosphere
vary on both a seasonal and a day-to-day basis, and typically
range from below the detection limit to 0.1 ug/n?. Alr in rural
areas does not contain measurable amounts of Cr(T) (<0.0l1 ug/m’).
Based on the available literature, it was estimatad that a median
ambient air concentration of chromium is 0.06, 0.025, and from
0.02 to 0.07 ug/m’ for the U.S., Eurcpe and Japan respectively
(Bowen, 1979). Background levels of Cr(T) in air are difficult to
determine due to urban and industrial input, but background
levels of <0.001 ug/m’ are reported. Atmospheric Cr(T)
concentrations at the South Pola range from 0.0025 to 0.0l ug/m’.
These concantrations have been attributed to the weathering of
South Pole crustal material and may represent a realistic
background concentration for Cr(T) in air.

Hater

-

Trace quantities of Cr(T) are found in groundwater and
surface wvaters as Cr(IIX) and in certain cases Cr(VI).
Concentrations of Cr(T) in various fresh water sources were
measured and reported in a 1978 study of the environmental
effects of chromium by Oak Ridge National Laboratories for EPA
(USEPA, 1978). River waters wers found to contain Cr(T) leveals
ranging from undetectable to 0.0078 mg/l; lake waters from 0.0003
to 0.0028 mg/1l: and groundwaters and well waters from
undetectable levels to 0.0011 mg/l. Substantially higher
concentrations were measured in industrial areas.

goll - _

Most soils contain small, but varying amounts of Cr(T). The
concantration of Cr(T) in soil is determined by geographic
region, age of soil, and composition of the parent rock material.
Concentrations in surface soils located throughout the world are
sumarized in Table 3-1. These data indicate that concentrations
in non-serpentine soils are extremely varied, ranging from
nondetectable to 5,000 mg/kg. However, most soils contain § to
300 mg/kg. Serpentine and other ultramafic soils are rich in
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CHROMIUM CONCENTRATIONS IN SURFACE SOILS

Soil

Worldwide

Serpentine Soils’

Serpentine Soils?

Asian Paddy
Canadian
Ontarie
United Btates
United States

Unié;d States

United States (western)

various’

Concentration (mg/kg)

Average

18,

50

360

136

44

40

70

' pased on 10 locations worldwide.

2 pritish and Swedish locations.

5 ;pata from 13 sources..

Range

634 - 125,000
2,500 - 4,000
49 - 467

20 - 125

10 - 150

5 - 1,000

25 - 85

1 - 5,000

3 - 2,000

5§ - 1,500

Source: Adriano 1987 shacﬁletto and Boerngen 1984.
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heavymetals and contain significantly higher concentrations
ranging from 500 to 125,000 mg/kg. Cr(T) concentrations in some
California basin sediments are reported to range from S0 to 140
mg/kg (USEPA, 1978). In general, the fine grained, clay fraction
of soils contains the highest concentrations of chromium.

3.1.3. GENERAL ENVIRONMENTAL BEHAVIOR

aAlx

low concentrations of chromium entar the atmosphere primarily
as the result of soil-derived dust, industrial and commercial
activities such as metal smelting and cement-producing, and the
combustion of fossil fuels. Upen introduction to the atmosphere,
chremiur quickly becomes sorbed or complexed to entrained
particulate matter. Speciation in the atmosphers has not bean
clearly defined but is considerad to be predominantly Cr(III).
Under usual conditions, trivalent chromium in the air should not
undergo any reaction since this species is relatively,
chemically inert (USEPA, 1984). However, if present as a salt
other than Cr,0y, >r(III) may be oxidized to Cr (VI) in the
presence of MnO, greater than 1%. This reaction is unlikely ;
under normal atmospheric conditions (USEFA, 1978). i

Entrained Cr(VI), upon binding to particulate matter,
undargoes reduction to the trivalent state at a rapid rate (as
cited USEPA, 1978). Reversion to the hexavalent state, while
thermodynamically possible, is unlikely because of slow reaction
rates.

. Both hexavalent and trivalent chromium are ranoved from the
air by atmospheric fallout and precipitation. Wet precipitation
aceounts for more than half of all deposition (USEPA, 1984). The
precipitated chromium enters the surface water or soil.

The half-life of chromium in the atmosphere depends on the
particle size and density, thus small diameter particles (<10 um)
remain airborne for a lenger pericd than large diameter particles
(USEPA, 1984). Typically, particulate patter bearing chromium
remains airborne for less than 10 days (USEPA, 1978, 1984).

o Y i
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Howevaer, particles of less than 20 um in diameter may remain

airborne longer and be transported substantial distances (ATSDR,

1987). . )
- ge v

Hater

Chromium enters surface or ground water as the result of
surface runoff, deposition from air, and release of municipal or -
industrial wastewaters. Chromium is present in water in five
possible forms: 1) in solution as organic complexes, 2) adsorbed
onto particles, 3) precipitated or co-precipitated, 4) in
organic solids, or 5) in sediments. Chromium occurs primarily in
particulate form. Some soluble forms of chromium do occur,
including certain Cr(III) complexes, but the majority of soluble
forms are Cr(VI) compounds. The Cr(VI) compounds, while stable,
will in time be reduced to the III state by reactions with
organic matter, Fe(II) or sulfides present in water (Schroeder
and Leea, 1975; EPA, 1978, 1984: Electric Power Research Institute
(EPRI), 1988). Oxidation of Cr(III) to Cr(VI) may occur, but
only at a slow rate. MnO, can cause oxidation of trivalent
chromium, but this reaction is inhibited by substances in
natural waters. It was reported that chromium was not released
from sediments into sea water in significant quantities under
either oxidizing or reducing conditions (Lu and Chen, 1576).
Cr(VI) residence time in groundwater is unreported; residence
time in surface wvaters may range from 4 to 18 years (ATSDR,
1987).

tony et

Soll

"In soil, chromium behavior is influenced by oxidation state,
pH, oxidation-reduction potential, clay minerals, competing ions,
complexing agents, and other factors. Most of the chromium found
in soil is in mineral, adsorbed, or precipitated form as
insoluble Cr(III) oxide. Hexavalent chromium in soil is readily
reduced to the trivalent form and subsequently precipitates
(EPA, 1984). Cr(VI) may remain in soil if its influx equals or
exceeds both the adsorbing and the reducing capacities of the
soil (Bartlett and Kimble, 1976). Ross et al. (1981) added 100
ppm Cr(VI) to soils and measured Cr(VI) extractable at three and
thirteen days. After three days, 25% was extractable, and none
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was extractable at thirteen days. Experiments by Cary, Allawvay
and Olson (1977) involving Cr uptake by plants growing on
Cr-treated soils indicated that the reversion of soluble Cr(VI)
to Cr(III) is complete within one growing season after
application of Cr(vI) to the soil. In acid soils, conversion of
Cr(VI) to Cr(III) proceeds at a more rapid rate (Bartlatt and
Kimble, 1976). However on field-moist, aerobic, nonacid soils
containing manganese, some oxidation of Cr(III) may take place
and in this case Cr(VI) can be extracted from these soil samples
at least a year after the Cr(III) was introduced (Bartlett and
James, 1979).

The primary processes by wvhich chromium is lost from soil -
are physical (USEPA, 1984). There is no known chemical process
that causes a loss of chromium from soil. Chromium in soil can
enter the atmosphere by way of dispersion of dust. Chromiun is
also transported from the soil through runoff and leaching of
water with final deposition in another water body or land area.
The half-life of chromium in soils may be from several years to
many years (USEPA, 1984; ATSDR, 1987). Concentration of chromium
in soil varies over a wide range, from trace levels to 3000 ug/g
dry weight. A mean soil concentration of 50-100 ug/g dry weight
has been estimated (Thorne et al., 1986). A similar variability -
in chromium concentration is observed in sediments. It was
estimated that a mean value of 75 ug/g dry weight can ba assigned
for all sediments (CoughtTey, 1983 by Thorne, 1986).

Mechanistic studies that allow accurate prediction of
attenuation and leaching potential of the metal are used to
determine the behavior of a specific soil. Such an approach has
been developed by Battelle for EFRI (EPRI, 1986, 1988). The
present case demonstrates that, under certain conditions, €z (VI)
moves through soils readily and can impact groundwater. This
transport is accelerated in alkaline soils (Cary, Allaway and
Olson, 1977) and is dependent on 2 hydraulic gradient. It should
be remambered that cn(vf) compounds are highly water soluble.
However, in high-clay soils sorption increases with pH, beconing
constant above pH 8.5 (Griffin, Au and Prost, 1977). Cr(VI)
behavior is principally controlled by absorption/desorption
reactions (EPRI, 1986). Bartlett (1976) and Gebhardt and Coleman
(1974) demonstrated that cr(vI) is typically tightly bound:
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hovever, this species can be out-competed for binding sites by
orthophosphates. Therefore, a soil low in clay content,

alkaline, and containing a high concentration of phosphate would =
have a greater potential for downward migration of Cr(VI),

particularly with a continued hydraulic gradient.

Apparently, Cr(III) is principally controlled by _
precipitation/dissolution reactions resulting in a variety of -
complexes with various anions and organic matter (EPRI, 1986;
Bartlett and Kimble, 1976). Adsorption increases with pH
(Griffin, Au and Frost, 1977), while solubility decreases
(Bartlett and Kimble, 1976). Therefore, alkaline soils with high
organic content and anion concentration would be capable of
holding large concentrations of Cr(III). Purther, a hydraulic
gradient would have no effect on migration since Cr(III)
compounds are highly insoluble.

Spaeciation of chromium depends upon pH, oxidation-reduction
potential, organic matter, and Fe(II) and MnO, concentrations
(the latter of which are more or less mutually exclusive).
Oxidation (favoring Cr(VI) species) occurs readily under soil =
conditions of low pH, low organic matter, low Pe(II)
concentrations, and high Mno, concentrations. Cr(III) species
would be favored in alkaline soils with a reducing (high
negative) potential, high organic carbon content, high Fe(II),
and low MnoO, concentrations. The following references discuss

these trends (Bartlett and James, 1979} Bartlett and Kimble,
1976; Long, 1983; EPRI, 1986, 1988; and Korte, Skapp and Fuller,
1976). . Co

3.2. DESCRIPTION OF STUDY AREA

N

"

3.2.1. REGIONAL SETTING

ni

The regional setting of the study area is illustrated in
Figure 3-1 and described in detail in the Site Characterization
Report, which includes discussions of regional geology,
hydrology, and climate. The demography of Hinkley and vicinity
is detailed in Appendix A4 of this report.
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Several factors related to the location of the study area in
a sparsely populated desert environnent relate directly to the
davelopment of this risk assessment, as discussed below:

clinmate/Hydroloay

The Hinkley Valley is located in the central Mojave Desert,
and is situated at an elevation of approximately 2,200 feet above
gsea level. The area lies in a basin bounded by mountains,
including the San Bernardino range. As a result of its
elevation, latitude, and the influence of the surrounding
mountains, the study area is hot, dry, and often windy. Annual
rainfall is low (about 5 inches per year) and evaporation rates
are extremely high. Table 3-2 summarizes precipitation and
tamperature data for the area.

These climatological considerations are important as they
relate to high water demands and the limited capacity for
recharge of the aquifer underlying the study area. Evaporation
rates greatly axceed rainfall rates, and the current use of
sprinklers (as opposed to flood irrigation) to irrigate local
fields further limits potential recharge from agricultural
applications. The Mojave Rivar is the major source of recharge
for the basin. Surface water flows only during periods of heavy
rainfall, as the highly permeable river alluvium readily loses
water to the underlying sediments.

High winds are common to the Mojave Desert. These winds
become particularly noticeable when they are strong enough to
pick up sand and dust. Localized, powerful dust storms called
"dust devils" occur often during the swmmer months. Dust devils
may reach heights of several hundred feet as they travel at high
speeds across the desert floor. Although spring and winter winds
generally are stronger than summer winds, occasional summer
thunderstorms are capable of generating strong, gusty winds that
can cause severe local dust storms. The average wind velocity
for the Barstow area is 12 mph, whereas the maximum gust recorded
for the Barstow area thus far in 1988 was 62 mph. A wind rose
for Daggett, CA, just to the east of Barstow, presented in Figure
3-2, represents the most accurate and relevant recorded wind
data. . - . -
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Table 3-2

SUMMARY OF MONTHLY PRECIPITATION
AND TEMPERATURE DATA FOR BARSTOW, CA

] O BB =

aE N .

Mean Precipitation

Average Daily

Month tinches) Temperature (F)
January 0.54 45.7
l'abrua.r; 0.37 50.5 ?
March 0.36 54.8
April 0.21 58.7
May 0.08 69.4 _‘
June 0.11 78.3 *
July 0.32 85.0
August 0.26 82.8 ___
September 0.34 76.5 :
October . 0.20 - 65.2 E
November 0.48 53.1 7
Dec.nbc;’ 0.53 45.6
Source: Soil Conservation Service, 1988

Apple Valley, CA .

p127134
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The wind rose presents the percentage of time (annual average)
that the wind blows from a particular direction within a specitic
speed range. For example, winds of 0-3 mph occur 1l1.9% of the
time, and winds from the west between 4 and 13 mph prevail 14.3%
of the time. The prevalence of strong winds in the study area is
considered in evaluating the inhalation of dust or windborne
asrosols as potential exposure routes.

Demoaraphv/Land Use

As a result of the arid environment and high summer
temperatures, historical develcpment of the study area has been
limited by the availability of water. The area is sparsely
populated, with alfalfa preduction and dairies using the vast
majority of groundwater produced. Groundwater has been mined
historically, and current withdrawal continues to exceead
recharge. An important objective addressed in the feasibility
study involves minimizing additional withdrawal from the agquifer.
Further demographic and land-use data are presented in Appendix
Ad.

3.2.2. SITE-SPECIFIC SETTING

The chromium-contaminated groundwater plume that has been
identified extends north-northwest about 1.5 miles from the
compressor plant, vhich itself is about 1.5 miles north of the
Mojave River (ses Figure 3-1). The boundary of the plume is
defined by groundwater with a measured or projected concentration
of 0.05.mg/l chromium, the EPA drinking water standard (USEPA,
1985). The investigation area has a land surface slope of about
40 feet per mile toward the north, and an average elevation of
2,190 fest. The town of Hinkley proper is three miles northwest
of the compressor station. In addition to the gas compressor
station, land use in the area consists of grazing, alfalfa
fields, small dairies, unimproved land, and rural residential
areas.

."A dotailcd'disculiion (-3 4 tholécology, hydrolbqy, and
groundwater quality of the study area is presented in the Site

=3 =13
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Characterization Report. Hydrogeologic and water quality
conditions relevant to the risk gssassment are summarized below:

Hydrogeoloqy

Groundwater beneath the study area occurs in two
water-bearing zones that are separated by a really widespread and
thick "blue clay.® Groundwater above the blue clay, referred to
as the shallow aquifer, occurs in permeable alluvial strata and
is unconfined or semi-confined. Deeper, confined groundwater
also occurs in and/or below the blue clay.

The majority of groundwater pumped from the basin is derived
from the shallow aquifer. Subsurface lithologic data and the
results of aquifer tests indicate that permeable strata within
and/or below the blue clay are not thick or laterally extensive
and generally cannot supply moderate quantities of water to
wells. The shallow agquifer, hovever, can supply large quantities
of water to walls and locally (generally near the Mojave River)
can be pumped at rates up to 300 gallons per minute (gpm). A
typical average sustainable pumping rate appears to be
approximately 150 gpm.

The shallow aquifer above the blue clay in the study area
appsars to consist of two contrasting water-bearing zones.
Immediately above the blue clay, there is a layer of silty fine
to medium sand, which is overlain by coarser sands. The majority
of water pumped from the shallow aquifer probably comes from this
shallowver, coarsar-grained zone.

¥ater Quality

Regional well sampling of shallow groundwater has revealed
that a plume of chremium with concentrations exceeding 0.05 ng/l
extends north of the compressor plant for approximately 1-1/2
miles and covers an area of approximately 0.45 square nmiles. In
domestic and irrigation supply wells, the highest concentration
(as Cr(T)) detected in December 1987 was 1.00 mg/l. This value
represents a mixture of groundwater from separate water-bearing

3 - 14
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gones and as such the chromium level represents a composite
concentration.

3.3.1. GROUNKDWATER

Groundwater sampling has been performed as part of the site
characterization in order to define the vertical and lateral
extent of chromium contamination in the agquifer.

The first of two groundwater sampling events under the gite
characterization conducted by E & E occurred in May 1988 (see
Figure 3-3 for sample locations). A total of 53 wells were
sampled for chromium, including 31 existing domestic and
irrigation wells, three PG&E industrial supply wells, and the 19
new monitoring wells (not all vells are shown on Figure 3-3 =
only those of concern to this assessment). A total of 65
saxples, including blanks and duplicates, wers collected. All
saxples were analyzed for cr(T), Cr(vli), and salected samples
vers analyzed for a number of other parameters. A dstailed
discussion of sampling methods and activities is found in the

Site Characterization Report.

Rata

The highest concentration of Cr(VI) detected in a private
supply well was approximately 0.70 mg/1l (0.76 mg/l as cr(T)).,
vhereas the highest concentration in a monitoring well vas
3.70 mg/l (4.2 mg/l as ¢z (T)), at MW=11B. The concentrations for
selected domestic and irrigation wells are gsummarized in Table
3-3. (Detailed descriptions of the wells listed in this table
are presented in the Site Characterization Report.) As Table 3-3
indicates, concentrations of chromium in the groundwater north of
the site vary, ranging from nondetectable to a maximum of
4.2 mg/1l (Cx(T)), with the majority at levels below 0.5 ng/l.

In May 1988, the highest concentrations of Cr(T) detacted in
the monitoring wells was 4.2 mg/l in MW-11B and 2.5 mg/1l in
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Table 3-3
TOTAL CHEROMIUM LEVELS FOR SELECTED WELLS NEAR PLUME -
. ) - *MAY 1988 -
cr(T)
Sample, Concentration -
ID No. . Description {ma/l) -
GW26-07 Domestic 0.02
GW26-15 Irrigation ND
GW26-16 Irrigation ND
GW26-25 Domestic 0.02
GW26-26 Domestic 0.13
GW26-27 ; Irrigation 0.03
GW26-28 Irrigation 0.08
GW35-10 Donestic 0.20
GW35~11 Irrigation ) 0.76
GW35-12 Irrigation 0.31
GW35-13 Irrigation 0.18 )
GW35-14 Domestic ND
GW35-17 Domestic 0.20 %
GW35-18 Domestic 0.18
GW35-19 Domestic ND
GW35-20 Domestic 0.07
MW=-06 Monitoring 0.17
MW=-11A Monitoring ND
MW-11B Monitoring 4.20
MW-11C Monitoring ND
MW=12 Monitoring 0.05
MW-15 _ Monitoring 2.%0 -

Detection Lig;t (as total chromium) = 0.01 mg/l.
' por map locations see Figure 3-3.

Source: Ecology and Environment, Inc., 1988.
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MW=-15. Both of these monitoring wells were screened in the
fine-grained portion of the shallow aquifer. Groundwater from
coarse-grained portions of the shallow aguifer did not exceed
0.46 mg/l. This suggests that there is a strong relationship
between grain size and chromium concentrations in the shallow
aquifer, with significantly higher concentrations associated with
the finer-grained deposits.

Chromium data specific to the deeper, confined groundwater
are restricted to information from the two deep monitoring wells
(MW-11C and MW-14C) at the cluster sites. Total chromium was not
detected in either well.

3.3.2. SOIL DATA

During tha site characterization phase of work, potential
soil contamination at the site was investigated by collecting
surface and subsurface samples. Soil samples were collected from
3 trenches, 5 monitoring wells and 32 soil borings. Soil borings
ware drilled in three on-site locations referred to as Area A,
Area B, and Area C (sea Figure 3-3). Area A was the site of the
former evaporation/percolation pond for cooling tower discharge,
while Areas B and C received chromium residues from the other
related operations. The locations of the soil borings in Areas
A, B, and C are shown in riqur.l 3=4, 3-5, and 3-6 respectively.
O:t-lite surface soil uanplos waere also collected (see Figure

3-7). In addition, PGSE collected several surface samples (see
Figure 3-8 for these sample locations).

A total of 309 samples (298 from s0il borings) were collected
from the three on~-site areas and analyzed for both Cr(T) and
Cr(VI). 8Selected samples were also analyzed for several
additional parameters. Six samples containing elevated levels of
chromium were also analyzed using the California Waste Extraction
Test (WET), a fairly conservative method applied to assess
potential soil leachability (4 to test Cr(T) and 2 to test Cr(VI)
leaching). For a datailed discussion of sampling methods and
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COMMUNITY ROAD
& PG & E No.7
* S58-20
EXISTING EVAPORATION
PONDS
* NOTE : BORING No.21 WAS LATER COMPLETED AS WELL MW-15.
@ SHALLOW BORING
@ DEEP BORING H127143
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Figure 3-5 AREA B *
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activities conducted under the site characterization phase of
work, refer to the S5ite Characterization Report.

In addition to the soil samples collacted during the site
characterization, eight additional surface soil samples were
collectad from Mojave Dairy alfalfa fields. These samples were
collected to evaluate the fate of Cr(VI) in irrigation water
originating from the plume (see Figure 3-9). The Mojave Dairy is
located on Community Blvd., immediately north of the station.
These surface soil samples were collected to compare off-site
background Cr(VI) concentrations to those present in the soils of
the Mojave Dairy alfalfa fields, which are irrigated with
groundwater from the plume of contamination. Sampling
methodology was consistant with that described in the Site
Characterization Report.

Data

Results of lab analyses of surface soil samples are presented
in Table 3-4. Cr(T) concentrations varied from nondetectable to
a maximum of 4,730 mg/kg. The highest Cr(T) concentration, which
was measured in a sample frem Pond Area C, is approximately 15
times the maximum of 300 »g/kg reported for typical
non-serpantine soils (see Section 3.1.2). From the site
characterization, it was determined that elevated levels of Cr(T)
in the soil are primarily limited to the upper 3 feet (with the
exception of one sample). With few exceptions all chromium
measured in the soil was in_the insoluble trivalent state.
Cr(VI) was only detected in seven surface soil samples, at
concentrations ranging from 0.05 mg/kg in Area C to 3.30 mg/kg in
Area A.

WET analysis performed on four soil samples containing
rslatively high concentrations of chromium revealed little if any
extractable chromium. As described in the site characterization
study the percent soluble fraction of total and hexavalent
chromium ranged from <1% to 3.33%. These results indicate that
chromium is very insoluble in these soils and is not likely to
leach into the groundwater.
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Sample
ID No.

B0Ol1-01
B02-01
B03-01
B04-01
B05-01
BO06~01
BO7-01
B08=-01
B09-01
Bl0-01
Bll-01
Bl2-01
B13-01
B14-01
B15-01
B1l6-01
B17-01
B18-01
Bl9-01
B20-01
B21-01
B22-01
B23-01
B24-01
B25-01
B26-01
B26-02
B27-02
B27=03
B28-01
B28=-02
B28=03
B25~01
B29-02
B29-03
B30=-01
B31-01

Table 3-4

CHROMIUM VI AND TOTAL CHROMIUM IN SURFACE SOIL

(Depth Less than or Equal to 1 Foot)

Location

Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Arasa
Araa

ST I3 3T R Rl A g

Background

Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area

0NOA0NNNNNONNNADDWW

3 -~ 26

Chromium
Total
(mg/kg)
. 584.00 3.30
6.10 ND
15.30 ND
43.30 ND
12.40 ND
14.90 ND
29.80 ND
51.20 ND
10.80 ND
66.40 ND
12.00 ND
78.60 ND
6.30 ND
8.00 ND
7.00 ND
5.50 ND
9.90 ND
7.40 ND
13.60 ND
2.30 ND
7.60 ND
2.50 ND
3.00 ND
171.00 ND
6.70 ND
10.50 ND
4.70 ND
84.30 0.50
ND ND
13.20 ND
1140.00 0.64
85.20 0.98
4.40 ND
73.80 ND
24.90 ND
10.90 ND
12.30 ND
N
o
PGENG21172

Chromium VI
(ng/kg)
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Table.3=4 (continued)

Sample
VI ID No.

PG31088-02

.PG31088~04

PG31088-06
PG31088-08
PG31088-10
PG8802-02
PG8802-03
PG8802-04
PG8802-06
PG8802-07
PG8802-08
PG8802-10
PG8802-11
PG880316-01
PG880316~-02
PG880316~-03
PG880316-08
PG880316-09
PG880316~10
PG880317~01
PG880317~-02
PG880317~-20
PG880317~-21
PG8BO317-22
PG88O31717A
PG88031717B
8F001

- 8F002

8F003
SF004
SF00S
BP006
8F007
groos
8F00S
§r010

Location

Background
Background
Background
Background
Background
North of Station
North of Station

‘Irrigated Alfalfa

Irrigated Alfalfa
Station site
Area C

Area A

_Area A

Irrigated Alfaifa
Irrigated Alfalfa
Irrigated Alfalfa
North of station
North of station
North of Station
Irrigated Alfalfa
Irrigated Alfalfa
North of Station
North of Station
Background

North of Station
North of Station
Irrigated Alfalfa
Irrigated Alfalfa
Irrigated Alfalfa
Irrigated Alfalfa
Irrigated Alfalfa
Irrigated Alfalfa
Irrigated Alfalfa
Irrigated Alfalfa
Background

Background

Note: Detection limits = 0.01 mg/kg

for Cr(vI).

Field
Field

rield
Field
Flield

Field
Pleld

Field
Field
Field
Field
Field
Fielad
Field
Field
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L R

D

Chromium
Total Chromium
(mg/kg) (mg/kg)

2.96 ND
6.51 ND
6.45 ND
0.56 ND
5.27 ND
514.00 0.16 -
2.74 B
9.12
5.53
15.50
4730.00
3940.00
48.30
53.70
13.00
7.93
6.41
5.58
2.33
34.30
1l1.10
8.12
2.48
1.57
ND ND
4.97
37.20
18,90
43.00
29.50
8l.60
63.70
42.70
46.50
6.80
8.10

iy

5883

(o} =]
.
0 O
w

5555355538338

58555553535

n

for Cr(T):; and 0.05 mg/kg -

Source: Ecology and Environment, Inc., 1988.
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Cr(T) concentrations in the Mojave Dairy field samples
ranged from 5.5 to 81.6 mg/Kg, with an average value of 33 mg/kg.
This average is approximately three times the average
concentration of 9.5 mg/kg Cr(T) in the offsite background soil
samples, but falls within the range of 5 to 300 nmg/kg Cr(T)
typically found in most non-serpentine soils.

e mans wo gy

"

I

Various analyses were performed on site and agricultural
field soila; these results are presented in the Site
Characterization Report. Based on a review of these results,: -
these surface soils are:

1) typically alkaline;
2) slightly oxidizing;
3) very high in organic carbon in field soils,
- lower levels in site soils:; and -
4) . with a normal cation exchange coefficient in
: field soils, somewhat lower in site soils.

These soils have high iron content, and a manganese
concentration 3.3 times lower than that necessary to support
oxidation of Cr(III) to Cr(VI). Therefore, these surface soils
should demonstrate a capability to convert Cr(VlI) to Cr(III) and
to hold the resulting chromium compounds in the upper few inches
of soil. As demonstrated in the data reported in the Site
Characterization Report little chromium is found at depth and the -
majority (>99%) is in the Cr(III) form. Based on the
insolubility of Cr(III) and the results of the WET analysis
showing little if any extractable chromium, it is very unlikely
that chromium in site or agricultural field soils will leach to
groundwater. . ) -

[ ]

EYLI

3.3.3. AIR DATA

'
(1Y)

Methods

i B8,

Three phases of ambient air menitoring ch; conducted at the
PGEE Hinkley site, as summarized below:

a0k

w2t
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Phase 1. During the site characterization, air monitoring data
were collected during specified soil boring and monitoring well
drilling activities.

Phase 2. During the initial risi assessment field work, sampling
of aerosol mist generated by irrigation sprinklers was performed.

NIOSHE Methed 7600, issued in February 1984, was employed for
each of the first two phases of air monitoring for Cr(VI).
A description of this method is provided in Appendix A3.

Phase 3. . Finally, a l;cond aerosol mist sanpiing event was
conducted with high volume pumps to compare with other analytical
techniques and achieve a mors represantative detection limit.

A brief description of the methods used for each phase of
air monitoring is presaented balow:

Phase 1. Air monitoring was conducted during selected site
characterization field activities to test for potential worker
exposure to Cr(VI). Since the highest exposure potentials were
deternined to ba associated with trenching and boring activities
in the former disposal areas, continuous air monitoring was
conducted during thcs.'opefitions to charactarize potential
exposure levels and, 412 necessary, to modify health and safety
procedures. Two air sample pumps were used with cassette holders
containing polyvinyl chlorids (PVC) filters with a pore size of
5.0 um. In general, one pump was set up to sample air downwind
of work and the second pump was worn by a worker. The second
pump was occasionally set up to sample air upwind of the work

-aresa to establish background air quality. The pumps sampled air

from the breathing sone throughout an 8-10 hour shift. A total
of 52 air sanples wers collected and sent to ATI for Cr(VI)
analysis. A detailed discussion of air sampling methods and
activities is presented in the Site Characterization Report.

Phase 2. Another set of air monitoring data to support this risk
assessment was collected in the irrigated alfalfa fields of the
Mojave Dairy. The purpose of this monitoring was to determine
the level of airborne Cr(VI) in the water aercsol generated by
the irrigation sprinkler heads. This field was selected for

3
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testing because the highest Cr(VI) concentrations occur in wells
used to irrigate this area. The sampling approach was identical
£o that described earlier for field monitoring. The filter
cagsettes ware placed on s=-foot-high stakes to allow for
monitoring in the breathing zone. Pigure 3-10 shows the
monitoring locations. Wind direction and speed were recorded
periodically using an anemonmeter. The speed ranged between 0-10
mph with occasional gusts of 15 mph. Wind direction during the
first test started from the northwest, but began blowing from the
southwest aftar midday. There was no wind during the second
test. In addition, two water sanples were collected from the
near and far sprinkler heads of the irrigation system. There are
a total of 20 sprinklers on this lateral line, each having a flow
rate of 2.6 gpm. ’

FPhase 3. Pinally, a follow-up sampling of irrigation-systen
asroscls took place between August 2 and 9, 1988. The area
studied vas the same irrigated alfalfa f£ield examined during the
initial aerosol mist sampling effort. The sazpling protocol was
modified according to California Air Resources Board (CARB)
recommendations: the intent was to optimize low-level detection
capabilities for chromium, consistent with the level of
sengitivity required for calculating cancer risk as described in
Chapter 7.0. The chosen method was similar to the EPA sampling
technique for total_suspcndad particulates (Federal Register Vol.
asé, 1971).

A total of nine high-volume air sampling pumps were gtaged
at three locations near the Mojave Dairy alfalfa £ield; one
location was established upwind and two locations ware
established downwind, near residences bordering the field.
Volumes of air drawn through the high volume pumps ranged from
6833 =° to 9851 =. One set of filters from each location were
analyzed for Cr(T), and the other two sets of filters from each
location wers analyzed for Cr(VI). Two water samples were also
collected from the ‘prinklir heads for Cr(T) analysis.

Data
Phase 1. No Cr(vI) was detected in airlsanples collected during
soil boring and well installation activities. These data

3 - 30
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indicate that even in areas of known soil contamination, no
significant Cr(VI) was generated during activities that typically
produce dust. Cr(vI) was selected for analysis due to its known

carcinogenic potential.

Phase 2. The results of the first air monitoring test conducted
in the irrigated alfalfa field are presented in Table 3-5. As in
the preceding two tests, no Cr(VI) was detected. Based on the
analytical results (Table 3-5) and the detection limit of 5 ug
Cr(VI)/filter, possible exposure concentrations were calculated
to be approximately 1l1.7 ug/uP (Table 3-6). These results are
within the expected range of the analytical method.

Analysis of the water samples collected from the two
irrigation sprinklers (samples WFOOl and WF002) indicated an
average Cr(VI) concentration of 0.285 mg/l in the irrigation
water. The control sample contained a Cr(VI) concentration of
less than 0.01 mg/l. From these data, the amount of Cr(vI)
emitted to the air was calculated at approximately 2.8 nilligrams
per minute (mg/min) of Cr(VI) from each nozzle. The lateral line
of 20 nozzles therefore emitted approximately 56 ng/nin of
Cr(VI). Assuming a deposition efficiency of 90% for the
irrigation system (Ude, 1988; Zoldoske, 1988), approximately 10%
of the sprayed water could result as drift (5.6 mg/min.). To
calculate the possible instantaneous air concantration at the
edge of the spray radius, it was assumed that 0.093 mg/sec of
Cr(VI) drifted into a volume of 388m’ (2m height X lm width X
194n length). Therafore, the resulting instantaneous
concentration would be less than 0.2 ug/m’, which is over two
orders. of magnitude less than the detection limit. This simple
nodel provides a possible explanation of why it was not possible
to detect any Cr(vVi).

Phase 3. The results of the second aerosol sampling are
presented in Table 3-7. Analysis for cr(T) in one set of high
volume filter samples (nitric acid digestion and inductively
coupled plasma atomic -absorption). The total chromiunm
concentrations at the three stations daid not vary significantly
(range = 5.4 to 6.5 x 10" mg/m’), although the higher of the
levels was detected at the station immediately downwind of the

Page 63 of 348
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Samplé 'ID

Ul-1

Ul=-2

Ul-3

D1-1

D1-2

D1-3

D2-1

D2=-2

D2-3

Sample Set
o .
D1

D2
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‘PABLE 3-7 X

AIR SAMPLING FOR IRRIGATION AEROSOL 2

AUGUST, 1988 -

Volume of cr(I) cr (VI) -

Ap sampled Concentration Concentration ]

(=*) (ng/m’) (mg/m’)

9851 5.6 x 10°* 2 .

8362 3.8 x 10 :
9314 2.1 X 10 .

8544 6.5 x 10°¢ 7 2
8737 2.5 x 1077
8747 3.4 x 10°
6833 5.4 x 10" 7
8041 2.5 x 107

9036 1.3 x 10 .

sampling Location -

Upvind from sprinkler lina

Dowvnwind from sprinkler lins,
between sprinkler and tree line

pDowvnwind from sprinkler line,
‘behind trees, Near houses

3 - 35
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Analysis for Cr(VI) in the remaining two sets of filter samples
at each station was performed by Truesdail Laboratories. The
extraction method at each station involved contacting the filter
with an alkaline solution to preferentially remove Cr(VI). The
extract was then analyzed according to EPA Method 218.2 (graphite
furnace atomic absorption analysis for total chromium). The
results, reported as Cr(VI), ranged between 1.3 to 3.8 X 107
mg/n?. The variation does not follow any apparent pattern
between sample stations. The replicate analysis at each of the
three stations showed a relative percent difference ranging from
30 to 80%.

The Cr(VI) concentration in groundwater samples collected
during this air sampling task were measured at 0.28 to 0.29 ng/l.
A control sample contained less than 0.0l mg/l of Cr(VI). These
groundwater Cr{VI) concentration results are similar to the
Phase 2 water data previously discussed.

3.3.4. BIOTA DATA
Plora: Methods and Data

Vegetation samples were collected from the Mojave Dairy
alfalfa field and an alfalfa field approximately three miles to
the southwest of the station (Pigure 3-7). The purpose of this
sanpling was to determine the level of Cr(T) in alfalfa growing
within the area of the plume of contamination and to compare this
level to off-site background levels. '

Both the dairy and background vegetation samples were
divided into roct and foliage and placed in individual ziplock
plastic bags. All samples were custody-sealed and sent via
courier to ATI for analysis.

Results of the analyses are summarized in Table 3-8. The
foliage of the off-site background samples wers found to contain
approximately 0.85 mg/kg of Cr(T), which is approximately hal?
the amount found in background root samples (1.6 mg/kg). Average
Cr(T) levels in foliage and root samples of the Mojave Dairy
alfalfa plants were approximately equal, at 5.4 and 5.3
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a

Table 3-8 )

CHROMTUM CONCENTRATIONS IN VEGETATION ’

Sample i

Chromium %
ID No. Location Tissue Tot

(mg/kg)

PFOO1R Mojave Dairy Vege - Root 8.30 -

PFOO1P . Mojave Dairy Vege - Foliage 2.50 2
PFOO2P Mojave Dairy Vege - Foliage 1.70

PFOO2R Mojave Dairy Vege - Root 4.50 )
PFOO3P Mojave Dairy Vege - Follage 1.50
PFOO3R Mojave Dairy Vege ~ Root 3.10
PFOO4P Background Vege - Foliage 0.90
PFOO4R Background Vege - Root 1.60
PFOO5P Background Vege - Foliage 0.80

PFOOSR Background Vege - Root 1.70 _
PG31088-01 E. of PGLE Station Vege - Foliage 0.64

PG31088-03 B, of PGLE Station Vege - Foliage 0.43 )

PG31088-0S5 E. of PGGE Station Vege - Foliage 0.40 %
PG31088-07 E. of PGGE Station Vege - Foliage 0.19
PG31088-09 E. of PGLE Station Vege - Foliage 0.26

PG8802-085 Mojave Dairy Vege - Foliage 12.70 B
PG8802-09 PGLE/Pond Area A Vage - Foliage 2.66
PG88317-09 Mojave Dairy Vege - Foli./Root 8.29
PG88317-10 Mojave Dairy Vege - Foliage 5.72
PG88317-19 Da N. of Hi-58 Vege - Foliage 1,09

PG88317-21 2 mi E. of PGLE Sta. Vege - Foliage 2.48 ‘

PG88317-23 2 ai E. of PGLE Sta. Vege - Follage 0.90 -

- T

Source: Ecology and Environment, Inc., 1988 ‘1
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A aka

mg/kg,respectively, which is roughly five times the levels found
in background samples.

3
Fauna; Methods and Data _ .. '
4
In order to evaluate a_worst-case exposure of fauna residing :
in the study area, two Holstein cows (#401 and 41066) t
were purchased from the Mojave Dairy to obtain gross pathological
information and tissue samples for chromium analyses. Both ot =
the cows selected were between seven and ten years old. Cow $#401 )
was fresh (producing milk) and cow #1066 was pregnant. These
cows had been in residence at the dairy for five years. During
this time these cows were potentially exposed to Cr(Vvi) and
Cr(III) from the groundwater. Exposure pathways include:
(1) Drinking water ‘(groundwater): =
(2) Water used to wash animals down (groundwater):
(3) Hay (alfalfa grown at the dairy); and -
(4) Airborne dust and/or water aeroscl (from the fields and
spray irrigation system).
Cows provided an easily obtained surrogate for assessing -
potential body burdens in similar animals and possibly humans.
Therefore, these data were obtained for use in the risk
assessnment. =
»

The cows were injected with a lethal dose of sodium
phencbarbital. Dissection, gross pathology, and collection of ~
tissue samples (liver, kidney, adrenal gland, spleen, lung,
muscle, bone marrow, and milk) were done by Dr. Tom Porter, DVM Z
(Mobile Veterinarian Service, 16385 Walnut Street, Hesperia, CA
$2345). All activities were conducted at the Mojave Dairy. Upon
completion of sampling, the carcasses wers removed and properly
disposed of by a licensed disposal service. These samples were
double-bagged in polyethylene bags and shipped (on ica) to the
laboratory (Quality Assurance Laboratory, 6555 Nancy Ridge Dr.,
san Diego, CA) for analysis of Cr(T) (EPA Method 7151).

The laboratory analytical results for Cr(T) levels in the
tissues are presented in Table 3-9. Most samples were found to
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be below the detection limit of 120 ug/kg. However, the lung of i
#401, and the liver, adrenal gland, and spleen of #1066 had
levels slightly above the detection limit. The highest level was
3135 ug/kg (wet weight), found in the spleen of #1066. In
addition to these tissue analyses, a gross pathological exar was

conducted by the attending doctor during dissection. No
abnormalities were observed in any analyzed tissue of either cov.
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Table 3-9 =

TOTAL CHROMIUM CONCENTRATIONS IN VARIOUS TISSUES %

.

Total Chromium (ug/kg, wet weight) i

Tissue/Organ $401 #1066 _
Liver . N.D.' 158 ’
Xidney N.D. N.D. -
Adrenal nc? 150 )
Spleen nc? 335 '_;
Muscle N.D. N.D. .
Bone Marrow N.p.} N.D.* i
Lung 202 N.D. :
Milx N.D. N.D.} ﬁ
! The limit of dotect;on is 120 ug/kg. Values below this E
limit are reported aq_non-@gtectable (N.D.). S
2 ynable to colloctea samples because of carcass position. f

3 collected from rib. :

¢ collected from hip. %

5 cow #1066 was dry due to pregnancy. This sanéle represents i
milk in dairy cooling tank. . é
Source: Ecology and Environment, Inc., 1988 -
. =
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4.0 DEBCRIPTION OF EXPOSED POPULATIONS

4.1. HUMAN RECEPTORS . .

A comprehensive raview and description of the demography of
the Hinkley site and the surrounding region now and in the future
has been prepared by E&E. It is presented in Appendix A4.
However, only a very small part of this region can be affected by
the groundwater or on-site soil concentrations of chromium. This
risk assessment therefore addressas only those human and
ecological receptors in the limited locale of the compressor
station which could be impacted.

The human receptors specifically addressed in this assessment
are those local residents and workers who may be significantly
exposed to hexavalent and total chromium originating in the
groundwater plume. Such exposure can occur from the aerosol
generated by alfalfa irrigation employing chromium contaminated
groundwater, frem soil irrigated with groundwater and from
various household and farm uses of domestic water taken from the
chromium-contaminated groundwater supply.

1

SR LR}

The map of Pigure 4-1 shows the hexavalent chromium
groundwater plume, the principal dairy farm (Point A) and
residences (Points B,) closest to the plume center and most
likely to be impacted via the above pathways. Figure 4-1 also
shows the domestic and irrigation wells which could provide
groundwater to these environmental pathways. Other rasidences
and another farm located further away (e.g., as far north as
state Route 58) are also within the zone of influence of the
groundwater plume. However, for the remedial altermatives
considered, the possible exposures at these more northern sites
are reduced ralative to those at the sites shown in Pigure 4-1.

L]

Therefore residents and workers (dairy farmer and alfalfa T

irrigator) shown in Figure 4-1, who are closer to the plume . x

centar, represent worst case exposure scenarios. ' =

The sections immediately following describe the hypothetical z
receptors considered and their activities which might lead to:

inhalation, dermal, and ingestion route exposures. The detailed ~

4 -1 =
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assumptions concerning actual exposurae time intervals and levels

are presented in Chapter 7.0, Human Health Risk Assessment, and

in Appendix A7. A general overview of the demography of the area <
near the Hinkley Compressor Station is presented in Appendix A4,
and describes the population now and in the future in an area
considerably larger than that depicted in Figure 4-1. The
receptors identified in Figure 4-1, however, represent worst-case
raceptors for assessing the health risks posed by the remedial .
alternatives under consideration. '

4.1.1. DAIRY FARMING RESIDENT

The dairy farm just north of Community Boulevard, the Mojave
Dairy (Point A in Pigure 4-1), is the dairy located closest to
the high concentration part of the plunme. This dairy farm has
been chosen to represent the maximum exposure/risk associated
with this type of operation. The only person evaluated at the
dairy is the farmer himself, because he performs various duties
using the chremium-contaminated groundwater wvhich are not
performed by other persons. It was assumed that the farmer .
worked at Point A in Pigure 4-1, but lived at Point B;, since the
donestic water supply at Point B; has maximum Cr(VI)
concentrations (this is not the case today, but was assumed as a
possibility to represent a 'worst case.) A homemaker, child, or
nonfarmer-laborer located at this dairy would not be exposed at
levels equivalent to those experienced by similar persons at the
residences just east of the dairy farm (Points B, in Figure 4-1)
becausas of downwind proximity. to the irrigatien aerosol and
because of the greater domestic water hexavalent chromium N
concentration at Points B, residences. Therefors, these latter
receptors vere svaluated at Point B (residence with maximum
grouhdwater concentration of Cr(VI)) rather than at the dairy
farm.

h

The farmer-receptor wvas assumed to perform two general types
of activities involving contaminated groundwater: occupational
_duties and indoor living activities. The occupational activities
were presumed to lead to aerosol inhalation and derzal
groundwater and soil absorption exposures, and included washing
of cows, barn, and vehicles. Dermal exposure would result from

ik
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wetting of hands, arms, fest, and legs, and from skin contact
with soils contaminated from the ground water. Inhalation
exposure would result from &erosols produced during the above
operations, and from aeroscls produced in the irrigation of '
nearby alfalfa fields and transported to the ambient air of the
dairy farm.

Indoor living activities performed by the farmer were assumed
to include washing of hands, sleeping, shovering, eating, and
miscellaneous free time actions. Dermal exposures would result
from wetting of bedy during scme of these activities:; inhalation
exposures would result from showering and from breathing indoor
air throughout the indoor period (air contamination resulting
from irrigation aerosol which has penetrated the indoors).
Ingestion exposures potentially could result from eating home-
grown beef and produce, and drinking milk, which may be
contaminated as a result of the groundwater. These foods could
be contaminated because the cows drink or are washed with the
groundwater, or inhale irrigation spray or other aerosols derived
from the groundwater. Exposure due to consunption of beef and
ingestion of milk are considered possible, but not likely, and

" are included in order to be health-conservative.

4.1.2. OTHER RESIDENTS

All the other receptors were located at the residence at
Point B, in Figure 4-1; five different persons wers considered.
Point B, wvas used because the domestic groundwater hexavalent
chromium concentrations, as well as the irrigation-produced
aerosols, would lead to maximum exposure of persons residing in
the vicinity of the groundwater plume.

Homemaker

A female, vho lived her adult life at Point B,, was
evaluated. Her exposures resulted from both indoor and outdoor
activities. Outdoor activities take place in the residence yard,
resulting in exposures from dermal contact with contaminated
soil, and inhalation of aerosol from alfalfa irrigation and from

4 - 4
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offsite Laborer

A laborer who works offsite was assumed to reside at
Point B,. He had no exposure to local groundwater while working.
At home he had the same indoor and outdoor exposures as the
irrigator described above.

wh

» ot

i

children _

[N ETE ]

Children were assumad to reside at Point B,. Cchildren wers
assumed to live full lives at that location, growing up to become
each of the adult receptors considered. In their childhood these
individuals received domestic exposures both indoors and outdoors
similar to those of the irrigator (excluding vehicle washing),
but with the extent adjusted to reflect different time intervals
of activities such as playing outdoors, and with exposure factors
such as exposed skin areas and pica soil ingestion appropriately
factored in.

r, 4.3. HON-EUMAN RECPPTORS - ‘ ’

The risk assessmant for non-human receptors focused on those
particular receptors (individuals and populations or communities)
which are most likely to be exposed and/or impacted by chromiun
in the study area. Ths following describes the selection
criteria, the animals and plants that vere selected, and the
justification for their selection.

4.2.1. BSELECTION CRITERIA

spcqitic criteria were used to select wildlife, domestic
animals, and plant species for analysis in this risk assessnment.
The extent to which a species is exposed to a contaninant depends
on the species abundance, habitat preferences, food habits, and
seasonal occurrence within the contaminated habitat. TFactors
that formed the basis of the selection criteria are outlined
below: . ‘ -
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irrigation of the family garden. Indoor exposures rasult from =
the indoor activities listed above for the farmer plus those

associated with housekeaeping duties. Additional inhalation and

dermal expoéure would result from washing of dishes and clothes.

Irrigator

A laborer whose occupation is to irrigate alfalfa fields -
utilizing groundwater extracted from the contarinated plume was
also assumed to reside at the same Point B,. This is not the
case today, but was assuned as a possibility in order to be
health conservative. Eis indoor (house) exposures were the same
as those of the farmer. Hig outdoor activities would comprise
both occupational and domestic actions. Domestic activities
included gardening in his own yard, where dermal and inhalation
exposures could occur. Dermal exposure would result from skin
contact with contaminated soil, inhalation exposure would result
from garden and alfalfa field irrigation aercscls. Outdoor =
activitias also included vehicle washing, leading to dermal and
inhalation exposure, the latter from irrigation asrosols

. transported to the ambient air of the residence yard. '

: Irrigator occupational exposures wers assumed to derive from
moving the irrigation equipment from one location in the alfalfa
field to ancther. Inhalation exposures resulted from aeroscls
produced by sprinklers and wers assumed to be ralatively briegf,
corresponding to the time during which the irrigator approached
the feeder line and disconnected it from the sprinkler line,
thereby shutting off the water. It was alsc assumed that the -
irrigator avoided entering the denser spray area of the -
sprinklers as long as possible when approaching the feeder
disconnect point. Dermal exposure would result from watting of
the irrigator's hands, arms and legs vhile walking through the
wet alfalfa as he disconnected the piping segments, moved them to
the nev location, rsconnected tham and then reconnected the
sprinkler line to the feeder line. It vas assumed that the
irrigator did not wear protective clothing to prevent wetting of
hands, arms, or lags.
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(1) Is the species delié‘nntod as rare, threatened, or endangered E
by state or federal agencies? 2

(2) Does the speciés have food habits or food preferences that
may expose it to the contaminant?

(3) Does the species have habitat preferences that include <
habitats found within the contaminated area?

(4) Does the species occur year-round or seasonally in habitats
within the contaminated proa?

(5) Is the species important in the food chain?

Species of potential concern were selected, using these
criteria, during a review of existing information on bioclogical
resources of the central and southwestern Mojave Desert. Local,
state, and federal agencies were also consulted during this
process. ) -

- .

4.2.2. VEGETATION AND HABITAT TYPES OF CONCERN

The project area is within the Mojave Desert Scrub Vegetation
habitat, as classified by Rowlands et. al., (1982). Natural
vegetation in the area is dominated by crecsote bush (lLarrea -
tridentata). Other common plant spacies in the area, associated 4
with the creosote bush, are white bur sage (Anbrosia dumosa), the
cholla cacti (Qpuntia Spp.), and burrobush (Hymepoclea sRb.)
(Rowlands et al., 1983; MacMahan, 1985). The Hinkley Compressor
station is located approximately 1.5 miles east of an unusual
plant assemblage, as designated by the Bureau of Land Management
in its california Desert Conservation Area Plan (Bureau of Land
Management, 1980). This large area, known as the Western Mojave
Desert Mojave Saltbush Assemblage, is dominated by Mojave -
saltbush (Atriplex spinifera), with the following associated i
species: Atriplex polvcarpa, Ceratoides lanata, Tectradlvmia
glabrata, and Yucca brevifolia (Rowlands et al., 1982).
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Much of the site area has been converted to pasture (Appendix
A4 Demographics Report). The most widespread plant species usad
for pastureland in the area is alfalfa (Medicago pativa) (Ecology
& Environment, 1988). Numerous other species of grasses occur in
the pasture areas but are of less economic or agricultural
importance. These pasture habitats, some of which lie over the
plume, contain elevated levels of chromium due to irrigation with =
contaminated groundwater (see section 3.3.2). A search for :
critical or sensitive habitats near the gite, other than those
identified by the BIM, was conducted through the California
Natural Diversity Data Base (CNDDB) . Database printouts are =
included in Appendix A4. No critical habitats were identified
within a S-mile radius of the compressor gstation. Also, there
are no state or federally owned parks or preserves within 5 miles
of the station.

. The CNDDB included two listings of rare plant species within
5 miles of the station. The Mojave monkey flower (Mimulus
pohavensis) is located within a large area centered approximately
6 miles east of the station. The portion of the monkey flower
range nearest to the station is approximately 2.2 miles due east.
This large arsa is indicated on CNDDB maps as 2 non-specific
boundary within which the monkey flower was last collected in
1941. The monkey flower is considered a sensitive species by the
CNDDB. The second listing is that of the Barstow woolly
sunflover (Exiophyllum mohavense). located approximately S miles
southwest of the station. A large number of Barstow woolly
sunflovers have bsen cbserved at this location. The Baramtow
woolly sunflower is a candidate for federal protection status.
Becausa both the monkey flower and the Barstow woolly sunflowver
are located within a different drainage systerm or watershed than
the compressor station, these plants will most likely be
unaffected by the contaminated groundwater plume.

[ &

it !

4.2.3. AQUATIC FAUNA

There are no permanent surface waters in the vicinity of the
station. The Mojave River, located approximately 1l nile '
socutheast of the station, is an ephemeral stream that flows only
during and after heavy rains.

vourd
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The CNDDB listed a single aquatic species of concern near the
site. The Mojave Tui Chub (Gila bicolor var. pohavensis)., &
state- and federally-designated endangered species of fish, is
located 3.5 miles north of the station. The location is an
experimental transplant of the species in a pond at the Desert o=
Research Station of the Bureau of Land Management. It is highly
unlikely that this species will be impacted within the near
future (20 years) by the groundwater chromium plume. This
conclusion is based upon theé fact that the plume is lower than :
the pond and now extends no more than 1.5 miles north of the
station, and groundwater modeling of the plume under existing
hydraulic conditions shows little movement further north over the
next 20 years (see Section 6.2).

4.2.4. TERRESTRIAL BIOTA

4dhn

. w

The California Department of Fish and Game and its wildlife
Habitat Relationship Program (WHRP) were consulted to determine
terrestrial wildlife species that might be present in desert

. scrub, desert wash, and pasturs habitats in the general project
area. The WHRP reported that 11l species of birds, 61 species of
mammals, eight species of amphibians, and 42 species of reptiles
could be found in habitat types near the station. A list of
these species is contained in the WHRP printout in Appendix A4.

[ s L 3

The CNDDB had no recorded locations of rare wildlife species -
within 5 miles of the station. Eowever, based on a reviev of the
WHRP data base, there ars potentially nine species of concern =
that use desert.scrub, wash, or pasture habitat in the general
vicinity of the compressor station. These species are listed in
Table 4-1. Based on discussions with a state biologist in the
California Department of Fish and Game (CDFG), several of these
species wers more likely than others to occur near the area of
conceérn (Vernoy, 1988) . These include the Mojave ground squirzrel
(Spermophilus mohavensig), the badger (Iaxides Laxus), and the
desert tortoise (Gopherus agassizi). The Mojave ground squirrel

N
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Table 4-1

WILDLIFE SPECIES OF SPECIAL CONCERN
IN THE VICINITY OF THE HINKLEY COMPRESSOR STATION

Species

Black-shouldered Kite
(Elanus caeruleus)

Golden Eagle (Aquila
chrvsaetes)

Prairie Falcon (Faleco
mexicanug)

Mojave Ground Squirrel*
(Spexmophlilus

mohavensis)
Kit Fox (Yulpes
macrotis)

Ringtail (Bassariscus
astutug) .

Badger* (Taxidea Laxus)

Mountain Sheep (Qvis
canadensis)

Desert Tortoise+
(Gopherus
agasgizl)

status

CA Protected

CA Protected

Forest Service

sensitive

Forest Service

Sensitive
Pasture

CA Rare

Federally
BnQange:nd
CA Rare

CA Protected

CA Rare

Porest Service

sensitive

ci Rare

Forest Sarvice
~ Sensitive

Bar; Lind
Management-
sensitive

Habitat

Pasture

Desert Scrub
Desert Wash
Pasture

Desert Scrub
Dasert Wash
Year-long

Desert Scrub

Desart
Desart Wash
Pasture

Desert Scrub
Desgrt_wa-h
Pasture

Desert Scrub
Daesert Wash
Pasture

Desert Scrub
Desart Wash

Desert Scrub
Desert Wash

Page 8

Seasonfng
Year-ldng
Year-long

Year-long
Year-long

3 of 348

Fall-Spring

Year-long

Year-long
Year-long
Year-long

Year-long
Year-long
Year-long
Year-long
Year-long
Year-long

Year-long

Year-long

Year-long
Year-long

#»Species likely to occur in the project vicinity (Vernoy, 1986).

Source: California Dep

Relationship System, 1988.
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is a state-designated threatened species (Appendix A4). Although
the CNDDB has no recorded locations of Mojave ground squirrels in
the vicinity of the ‘station; the area provides suitable habitat
for this species and individuals could be present (Vernoy, 1988).
The Mojave ground squirrel preferentially inhabits creosote bush
scrub in deserts year-round, and feeds on seeds and other plant
material (Whitaker, 1980). With respect to the food chain, it is
an important source of prey for badgers, canids, and raptors.

The badger is a state-designated rare and protected species,
and a U.S. Forast Service designated sensitive species (refer to
Appendix A4). The animal reportedly inhabits the area in the
vicinity of the station (Vernoy, 1988). It inhabits desert
scrub, desert wash, and pastureland on a year-round basis. It is
a carnivore that feeds on small mammals, including ground
squirrels, pocket gophers, rats, and mice (Whitaker, 1580).

Based on information from the WHRP Database, the project
area is within the habitat range of the desert tortoise, a Bureau
of Land and Management-designated sensitive species. The desert
tortoise inhabits arid sandy or gravelly washes, canyon bottoms,
and areas with creosote bush, thorn scrub, and cacti. They feed
on grasses and forbs (MacMahon, 1985). Although the CNDDB had no
reported listings of the tortoise within 5 miles of the station
site, the area does provide suitable habitat for the species, and
it is xnown to occur in the area (Varnoy, 1988). Purthermore,
the station and the areal extent of the contaminant plume are
within 2 to 3 miles of land designated as crucial habitat for the
tortoise in the BIM's California Desert Conservation Area Plan
(Bureau of Land Management, 1980)."

The desert cottontail rabbit (Sylvilagqus audubonii) and
California vole (Microtus gRlifornicus), although not rare

species, were selected because their habitat preferencas and food
habits suggest they may potentially consume contaminated
vegetation. The desert cottontail uses grasslands, crecsote
bush, and desert wash habitat. It feeds primarily on grasses,
mesquite, and cacti. It is a year-round resident in these
habitats and’'is a source of prey for predators.  The california
vole uses grassy areas, where it feeds on grasses and other green
vegetation, including underground roots. The California vole is
also a source of prey for raptors and other predators.
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In addition to wildlife found near the station, there are
domestic fauna that use habitat potentially affected by chromium
contamination. The primary domestic animals of concern are dairy

cattle which are sited at two farms within the zone of

contaminated groundwater. The first farm, which supports over
500 cows, is the Mojave Da;ry Farm, located approximately 2,000
feet north of the station, at the corner of Community Boulevard
and Fairview Road. The second farm, which supports over 300
cows, is located approximately 1.4 miles northwest of the station
at the intersection of Highway 58 and Mountainview Road (Ecolegy
& Environment, 1988).

4.2.5. SELECTED NONHUMAN RECEPTORS
The following species were selected for analysis for

potential ecological risk posed by elevated levels of chromium in
soils and groundwater:

(1) Alfalfa;
(2) Mojave Ground Squirrel;
(3) Badger;

(4) Desert Tortoise;

(5) Desert Cottontail Rabbit;
(6) California Vole; and

(7) Dairy cows.

Alfalfa was the sole floral species selected. This plant is
of great agronomic importance in the area. In those fields
within the plume's areal limits that are irrigated with
contaminated groundwater, this species is exposed to both Cr(VI)
and Cr(III) and demonstrates elevated levels of Cr(T), compared
to off-site background vegetation samples (Section 3.3.4).

The Mojave ground squirrel, badger, and desert tortoise are
all either designated rare, threatened, or sensitive species and,
therefore, vere selected for analysis. The ground squirrel and
tortoise are herbivorous and may be exposed to Cr(III) either by
consumption of plants with elevated chromium levels or by
ingestion of soil during burrowing, grooming, or eating. The
badger, however, probably would not be exposed through the food
chain, since chromium is known not to biomagnify (Andren et al.,
1973). All three species may drink Cr(VI)-contaminated water
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found in puddles or rivulets generated by irrigation. They nay
also ingest water when grooming their pelts aftar becoming wet
from irrigation spray. Finally, dairy cows were selected since
they represent an economically important domestic species and )
food source for humans, and are exposed through food (water,
alfalfa, hay) and airborne dust and/or aerosol mist.
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5.0 REMEDIAL ALTERNATIVES

§.1. INIRQDUCTION . D em e - -

Various options are available to remediate soil and
groundwater contamination from the Hinkley Gas Compressor
Station. E & E is currently conducting a feasibility study (FS)
to investigate these alternatives. This feasibility study
follows an iterative approach to identify, develop and screen
alternatives, and present detailed analyses of a range of
alternatives for renediapion of contaminated soil and groundwater

at the site.

The feasibility study evaluates, in detail, three soil
remediation alternatives: no action, fencing, and surface

controls (asphalt capping). Six groundwvater remediation
.alternatives are developed and evaluated in detail in the

feasibility study:

. Groundwater Alternative 1 - Current Irrigation Practice

Groundwater Alternative 2 - Groundwater Management

Groundwater Alternative 3 - Accelerated Agricultural
Treatment '

Groundwater Alternative 4 - Extraction with Electrochemical
or Chemical Treatment with Reinjection

Groundwater Alternative 5 - Extraction with Electrochemical
or Chenica} Tz.atgent with Displacement of PG&E Use

Grcundw;té}_hlternatifi 6 - Extraction with Electrochemical
or Chemical Treatment with Diqplaéenent of PG&E and Mojave

Dairy Use

The "pump and treat"” alternatives (4,5 and 6) would pose no
health or ecological risk because groundwater would be treated to
remove hexavalent chromium. Alternative 2, Groundwater
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Management, is essentially the same as Alternative 1, Current
Irrigation Practice, in terms of end use (irrigation use of water
pumped from the plume). Under Alternative 3, Accelerated
Agricultural Treatment, wvater currently used by Mojave Dairy or
other nearby agricultural areas for irrigation would be replaced
with water pumped from additional extraction wells sited in the
concentrated area of the plume. All of the groundwater
remediation alternatives include providing a bottled water supply
for drinking and cooking purposes. An additional alternative to
the bottled water supply consists of the installation of a new
community water supply system, providing drinking water and all
other domestic (potable) water supplies. In this riak
assessment, three groundwater remediation alternatives are
evaluated: Groundwater Alternative 1 - Current Irrigation
Practice; Groundwater Alternative 3 - Accelerated Agricultural
Treatment; and Groundwater Alternative 1 including the complete
replacement of residential water supplies. 1Included are a study
and comparison of the present and future risks associated with
each alternative. For purpose of the risk assessment, the
related alternatives will be designated as Alternatives 1, 2, and
3. Each altarnative is described briefly below.

S.2. GROUNDWATER REMEDIAL ALTERNATIVE 1 -
SURRENT IRRIGATION PRACTICE

This remedial alternative is a baseline course of action that
does not interfere with or change any of the present operational
practices at the Hinkley Compressor Station or activities in the
surrounding agricultural/residential community. Also, no formal
activity would occur to mitigate chromium levels in groundwater.
Groundwater-would continue to be used for non-drinking/non-
cooking purposes, including irrigation and various domestic
activities. On-going supply of bottled water to affected
residences for drinking and cooking purposes will be maintained
as an element of this alternative.
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5.3. GROUNDWATER REMEDIAL ALTERNATIVE 2 -
ACCELERATED AGRICULTURAL TREATMENT

Under this alternative, untreated groundwater would be used
for irrigation, which is consistent with current practice.
Chromium concentrations in the groundwater are not expected to
increase, because the source of chromium contamination has been
eliminated. Based on Waste Extraction Test results and
decreases in chromium concentrations with depth, little chromium
is expacted to leach from the soil (see Site Characterization
Report). This alternative relies on the natural reducing
capacity of the soil to convert socluble Cr(VI) to inscluble
Cr(III). Furthermore, extraction walls would be strategically
placed to control the migration of the plume and to remove the
most contaminated water. Under this alternative, approximately
ten new extraction wells would be installed in the most
concentrated area of the plume. (Refer to the Feagibility Study
for locations and additional details). One of the three existing
Mojave Dairy irrigation wells would also be retained as an
extraction well. Contaminated groundwater pumped from these 11
wells would be combined and delivered (untreated) to the Mojave
Dairy where it would enter the Dairy’s irrigation system.
Groundwater withdrawals undar this alternative would not exceed
current rates. Thus, no additional overdraft (mining) would
occur from the basin and the water table would not be impacted
beyond existing demands. Bottled water will be supplied to local
residents under this alternative.

5.4. GROUNDWATER REMEDIAL ALTERNATIVE 3 -
ROMESTIC WATER REPLACEMENT

This alternative is the same as Groundwater Remedial
Alternative 1 except that water is supplied to local residents
for all domestic uses.
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6.0 ENVIRONMENTAL PATHWAYS

6.1. JINTRODUCTION -

This chapter describes the migration and transformation of
chromium in the environment of the site and its vicinity. Based
on observations reported in Chapter 3.0, rates of emission into
each environmental compartment are estimated and the resulting
chromium concentrations defined. In addition, within each
compartment, various biotic and abiotic receptors may occur, and
the resulting exposure concentrations for these are also
estimatiyd. Estimates are presented for current site conditions
as wall as for predicted conditions, based on the alternatives to
remediate the contaminated soil and groundwater compartments as
described in Chapter 5.0.

In this chapter the groundwater compartment is addressed
first, and changes in water quality over time are described,
incorporating the affects of the three remadial alternatives.

The removal of groundwater, and concomitantly Cr(VI), creates the
potential for the contaminant to be introduced into other
environmental compartments. The major uses of groundwater in the
area can reuult in the emission of water as a spray or mist into
air. This occurs both indoors in homes, barns, and milking
dairies, as well as outdoors in irrigated fields and gardens.

Another source of emission to air is fugitive dust from soils
with elevated levels of chromiun. The three main types of
releases to air are evaluated: irrigation spray, fugitive dust,
and perscnal showering. Other-minor emission sources possibly
presenting risks to human health are described in Chapter 7.0.
After entering the air compartment, the water, airborne mist, or
dust ultimately come to rest on soil and other surfaces. Once in
soll, chromium typically becomes adsorbed or precipitated in the
III state and remains in the soil unless it is reentrained into
the air column. Other potential endpoints for chromium in the
environment are biological receptors such as those described in
Chapter 4.0. These receptors may be exposed through several
pathways, including oral, dermal, and inhalation routes. The
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soll compartment is analyzed to determine the present and future
loading of chromium:; two receptors are evaluated to consider
possible exposure levels and food chain transmission of chromium.

€.2. GRQUNDWATER

It is 1ikely that the éioundwntnr Cr(VI) plume commenced at
the site around 1952. Release of Cr(VI) continued until 1966.
The total amount of corrosion inhibitor used in cooling towers at
the Hinkley facility has been estimated at 65 tons, of which 66
percent by weight is believed to be chromate. It has been
estimated that as much as 90% of the total released Cr(Vl) may
have been removed from the aquifer to date by agricultural wells.
This fraction was derived by analyzing plume development since
1952 using the groundwater model described below.

The following calculation addresses the mass of chromium
vhich is believed to currently reside within the boundaries of
the groundwater plume, based on the amount originally discharged,
the fraction remaining in the plume, and the surface area,
thickness, and porosity of the aquifer affected. Conversion
factors are also included in the equation below:

0.66 x 65 tons X 909 kg/ton X 0.45 X 0.1 = 1,760 kg

Where: 0.66 = conversion factor (weight fraction of
. corrosion inhibitor which was '
chromate)
65 tons = Total amount discharged
909 kg/ton = conversion factor
0.45 = conversion factor (chromate to
.. chromiunm)
0.1 - = fraction remaining in aquifer

This calculation is a modeled mass balance based on available data
and basic information concerning the observed characteristics of

. the plume.
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To confirm the mass balance equation presented above, a
calculation based on the measured concentrations of chromium within
the plume was derived. This calculation assumes a plume area of
250 acres, an average saturated thickness of 50 fest, and a
porosity of 30%. The volume of water within the 0.05 mg/l plume
(see Figure 2-2) may therefore be calculated as shown below:

250 acres X 50 feet (1.23 X 10° l/acre-foot) X 0.3% =
4.6 X 10° liters

The average concentration of chromium within the plume can be
estimated:

1,760 kg/4.6 X 10” liters = 3.8 X 10°7 kg/1
) o = 0.38 mg/1

While this is of course a very rough approximation, it compares
favorably witn the concentrations reported in Table 3-3, and is
within the range of values reported for wells in the plume.

The groundwatar model estimation of 90% chromium removal by
agricultural wells can also be accounted for by examining chromium
concentrations in scils in nearby agricultural fields within the
Plume boundary, and in particular at the Mcjave Dairy. The total
mass of chromium present in irrigated soils can be calculated based

on:

© an average measured chromium concentration of 33 mg/kg over a
three foot depth (see Section 3.3.2.).
© an irrigated area of 60 acres.

The mass of chromium remaining in these soils is estimated as
follows:

60 acres x 43,560 ft/acre x 3 ft. x 28,329 cm’/ft’ x 1.5 gm/en’ x
107 kg/gm x 33 mg/kg x 10 kg/mg = 10,995 kg

Whers: 43,560 ft?/acre = conversion factor
28,329 cm’/eed = conversion factor
1.5 gn/cm’ = density of soil
6 -3
2% PGE0021208
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107 xg/gm = conversion factor
107 kg/mg = conversion factor

This mass of chromium appears reasonable and compares favorably
with the amount predicted to have been removed by agricultural
wells by the groundwater model, calculated to be (see page 6-2):

0.90 x 65 tons x 0.66 x 909 kg/ton x 0.45 = 15,793 kg

The difference between the calculated and predicted amounts may be
due to several factors, including:

1)

2)

3)

As indicated is Demcgraphics Report (Appendix A4) the area
irrigated with groundwater from the plume over the past 35
years was considerably greater than the 60 acres assumed above
(i.e., increasing the land under irrigation by an additional 20
acres is sufficient to account for a majority of the remaining

chromiun.)

The average total chromium concentration (33 mg/kg) is below
levels measured in surface soils at the Mojave Dairy, which
vere reported as high as 81.60 mg/kg (Table 3-4) and; '

The groundvater model assumes that all chromium discharged with
the cooling tower blowdown reached the aquifer. 1In fact, as
indicated by the results of soil boring analysis, Cr(IIl) was
encountered in the upper soil horizon in the area of the
abandoned evaporation/percolation ponds (Area A). Chromium was
also reported in surface soils in a 3/4 acre disposal area
designated as Area C. While the amount of chromium remaining
in-on-site-soils is relatively small (estimated to be less than
2,000 kg), it accounts for a portion of the total originally
discharged during cooling tower blowdown disposal.)

A model of the groundwater plume was devaloped to aid in the

prediction of groundwater quality and in the evaluation of
potential remediation alternatives. Modeling results were used in
estimating risks to humans (Chapter 7.0), to flora and fauna
(Chapter 8.0), and in defining chromium concentrations in air and
soils, the environmental compartments into which contaminated
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groundvater is relesased. A brief description of the model, itg
assumptions, and methodology can be found in Appendix A6. A more
complete description of the model and discussion of the results are
provided in the PG&E Groundwater Modeling Report (PG&E, 1988).

There is no known source presently releasing Cr(vI) to the
aquifer. The on-site areas (areas A, B, and C, including the
former evaporation/percolation ponds) containing soil-chromium
residues have no demonstrable leaching, as evidenced by the WET
test data described in the Site Characterization Report. Aquifer
recharge from contaminated irrigation water is unlikely,
considering this water is spread over a large land area (> 60
acres), the high evapotranspiration rate in the area, and the high
capacity of the soil to reduce and retain chromium and retard
leaching (see Section 3.3).

The groundwater model was used to pPredict water quality (Cr(vI)
concantrations) in domestic, agricultural (irrigation), and
extraction wells over the next 20 Years for the three remedial
alternatives (equivalent for Alternatives 1 and 3). The nmodel was
tested for two different hydrologic conditions, high and low water
levels projected for the 1990’s, based on a stochastic analysis of
the Mojave River historical flow record. However, since no
significant difference was shown between hydrologic conditions,
only the high water levels are Presented. Modeling results for the
20-year period beginning in 1989 for demestic irrigation and

. exXtraction wells are shown in Tables 6-1, 6-2, and 6-3,

respectivly.

The model’s analytical limit was taken to be 0.01 mg/1
(although it is lower), which is five times below the EPA
drinking water MCL. A value of zero (0) is shown when the model
output fell below the analytical limit. The cited concentrations
reflect well head levels, not those in the aquifer. Locations of
the domestic and irrigation wells used in the model are
illustrated in rigure 3-3. Coordinates of the extraction wells
are given in Table 6-3. The model grid system is illustrated in
Figure a6-1.
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Table 6-1
PREDICTED WATER QUALITY IN DOMESTIC WELLS

Well ID Year

1989 1993 1998 2003 2008
Cr(VI) concentration (mg/1)'

Alternatives 1 & 3: Current Irrigation Practioce; Domestic
Water Replacemsnt

£

O OO e =

3 = =D

| —

——

GW26-07 o) 0 (¢} 0 0

GW26~25 0.05 0.01 o (¢} (o] -
GW26-26 0.25 0.09 0.02 0 0

GW35-10 0.14 0.06 (o] 0 0

GW35-14 0.16 0.12 0.11 0.10 0.07 B
GW35-17 0.25 0.19 0.16 0.14 0.14

GW35-18 0.02 0.02 0.02 0.03 0.04
GW35~19/20 0.02 0.02 0.02 0.03 0.04

Alternative 2: Accelerated Agricultural Treatment

GW26-07 o 0 (o] 0 o

GW26-25 0.05 0.01 (o] 0 0

GW26~-26 0.25 0.03 0 0 0 =
GW35-10 0.16 0 0 Qo 0

GW35-14 0.19 0 0 (o] (o]

GW35-17 0.25 0.03 ) 0 ) #
GW3s5-18 0.02 0.04 0.02 0.03 0.02
GW35-19/20 0.02 0.04 0.02 0.03 0.02

concentration is rsflective of level at well head; a zero (o)
indicates a computed concentration less than the model’s
analytical limit. )

Source: PGLE, 1988
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Wall ID

Alternatives 1 & 3: Curront'Irriﬁhticn Practice; Domestic Water
Replacenent

GW26-15
GW26-16
GW26-28
GW35=-11
GW35-12
GW3S5-13

PREDICTED WATER QUALITY IN IRRIGATION WELLS

1989

0.04
0.01
0.25
0.24
0.29
0.02

Alternative 2:

GW26-15?
GW26~-162
GW26-28t

-

0.05
0.01
0.25

1993

0.02

o

0.09
0.19
0.17
0.01

Accelerated Agricultural Treatment

0.01
0

0.03

Table 6-2

1998
Cr(VI) Concentration (mg/1)’

0.01

0

0.02
0.16
0.10
0.01

0
0
0

Concentration reflects level at well head:;
computed concentration less than the

0O0OO0OOOO

0
o
0

P
O
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2003
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2008

n

or
[Y'S

[cNeoNoN-N.¥.)
1

000

a zero (0) indicates a
model's analytical limit. -

"

2 Irrigation wells in relatively lower chromium concentrations of the

Plume.

Irrigation wells
.xtracticn'wclla, given i

Source: PGEE, 1988,

H127189

in higher concentration areas coincide with
n Table 6-~3 following.
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- Table 6-3

PREDICTED WATER QUALITY IN FUTURE EXTRACTION WELLS
UNDER ACCELERATED AGQICULTURAL TREATMENT ALTERNATIVE'
Well Location? Year
(I,J3)

1989 1993 1998 2003 2008
Cr(VI) Concentration (mg/1)3

Ny

11,11 0.34 0.01 0.01 o 0

15,15 0.01 0 01 0 0 0 N

14,17 0.20° 0.01 0 () 0

13,15 0.34 0.04 0.01 0.01 0

13,18 0.25 0.01 (0 0 (] 3

15,16 0.01 0.01 0 0 0 )

14,14 0.01 0 0 0 0 -

12,19 0.05 0 o 0 0

12,16 0.16 0 (] o 0

14,16 0.19 0 0 o 0

12,15 0.11 () 0 o 0
Average! 0.1% 0.01 0.01 0.01 0

T

These extraction wells provide irrigation water for Mojave Diary fields
under the accelerated Agricultural Treatment Alternative.

See Figure A6-1 to identify well locations, location given as gria
coordinates (I,J).

Concentration reflects well head level; a zero (0) indicates a computed
concentration less than the model’s analytical limit.

+

To be conservative, an avefiqe of Zero is assumed only if all wells are’
zero; otherwise 0.01 is assumed unless the actual average is higher.
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Predicted water quality for domestic wells is shown in Table
6-1. Presently, water in five of the wells exceeds the current
MCL of 0.05 mg/l (see Table 3-3). Based on current groundwvater
use in the study area, chromium concentrations will steadily
diminish over time, first in the northern (GW26) and then in the
southern (GW35) wells. Within 20 years the Cr(VI) concentration
should reach the MCL in all but two wells for the current
irrigation practice alternative. In contrast, chromium
concentrations in these wells would neet the MCL significantly
faster, within 5 years, in the accelerated agricultural treatment

alternative.

Existing chromium concentrations measured in irrigation wells
are higher than measured in the domestic wells (see Table 3-3),
particularly in the southernmost wells (GW3S-11, 12, and 13) at
the Mojave Dairy. Table 6-2 shows irrigation well water gquality
as predicted by the plume model. Based on current irrigation
practices, water quality is predicted to exceed the MCL for more
than 20 years in several wells in the southern portion of the
plume, while the northern wells are free of contamination within
15 years. As observed for the domestic wells, accalerated
agricultural treatment leads to better water quality within 5
years. The southern (GW35) irrigation wells ars not shown under
the accelarated agricultural treatment alternative, since under
this remedial alternative they would not function except for GW
35-12 (12,15 in Table 6~3); under this alternative, irrigation
water for the Mojave Dairy is provided from the extraction waells
(see Table 6-3). -

Simulated vater quality estimations for the extraction wells
are presented-in Table 6-3. - These walls were located in the
Plume to maximize the chromium extraction efficiency and insure
effective treatment (as discussed in Chapter 5.0). The locations
selected result in relatively efficient treatment, with chromium
concentrations decreasing below the MCL (0.05 mg/l) within five
years. : “ ' ;

T . 6-9
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6.3. AIR

]

Chromium may be introduced into the atmosphere around the
site in three ways:

(1) Fugitive dust blowing from the sita and/or irrigated
farmland contaminated with either Cr(VI) or Cr(III):;

(2) Irrigation water drift contaminated solely with Cr(vI); and

(3) Indoor shower and other spray that is contaminated with
Cxr(vI).

The air pathway of exposure is important in this study since
Cr(VI) is a known human carcinogen by inhalation. Emission rates
vere evaluated from these three sources as vall as the resulting
Cr(vVI) and Cr(III) concentrations. Por each of these sources,
only the present conditions at the site were measured or modeled,
since the current soil and water concentrations of these species
can be scaled to other groundwater conditions.

6.3.1. FUGITIVE DUST

“r

‘zxponure to chromium thrcugh fugitive dust is possible in
areas around the site due to: '

(1) Elevated soil concentrations of Cr(III);

(2) The fine particulate nature of the site’s surficial soils;
(3) The lack of soil moisture and precipitation; and

(4) cﬁnsiderablo ;inds heing-é;nnon in the region.

Candidates for thip type of exposure include:

(1) Parm hands working on or near fields irrigated with
contaminated groundwater:;

(2) Local residents;

(3) PGEE compressor station employees; and

6 - 10
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(4) Various animals that frequent the same area.

Particulate air sampling was conducted during on-site soil
boring and monitoring well drilling in areas of known or
suspected soil-chromium contamination, to document potential
contarination of respirable suspended dust (Section 3.3.3). No
neasurable Cr(VI) was found in the air at any of the boring
locations based on a standard occupational (NIOSH) testing
approach. This finding is supported by the fact that surficial
soils at the site contain little or no Cr(VI) and, therefore,
pPresent no source of particulate contamination that could impact
human or ecological receptors.

Because air concentration measurements for Cr(III) were not
made, an estimate was calculated for site solls. The approach
used to develop an estimate was that developed by Cowherd et al.
for EPA (1985), as described in Appendix A6. The parametric
eguation for estimating the respirable fraction of contaminated

‘ particulate (Pi,,, the fraction of particles with asrodynamic

diameter < 10 um) from site soils was determined to be:
) RC = (9.7 ng/%’) X C,
Where:
RC = Respirable concentration (ng/m’)
‘C, = Soil concentration (mg/kg)

The calculated air concentrations are presented in Table 6-4.

Area C showed the Bighest estimated fugitive dust chromium
concentrations due to the high level of goil contamination.
According to California Air Resources Board (CARB) data from
1983, the average Cr(T) air concentration in the state was
approximately 5 ng/m’, and in the southeasgt desert area around
Lancaster, California, 2 ng/m’. The estimated on-site levels
vere approximately 10 to 100 or more times the CARB ambient
level, while the predicted off-site background was 20 to 70 times
the CARB levels. This Is indicative of the overestimation that
was included in the worst-case assumptions, to provide for a
health-protective safety margin for deteraining exposure, as
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-~ Table 6-4 -
z
ESTIMATED FUGITIVE DUST CONCENTRATIONS OF CHROMIUM (III) T
IN AIR RESULTING FROM SOIL -
location )
Areas Background CARB =
A B c Station BACKGROUND -
. | J
Average Soil i
Concentration’ 53.8 3.9 117 13.6 NA
(mg/kg) )
Alr )
Concentration 520% 372 1,100? 1302 2-53
(ng/x*)
' Derived from Table 3-4. .
? calculated:ng/z® = 9.7 ng/m® X average soil concentration in =
ng/kg (derivation is presented in Appendix A6).
. -
’ Measured by California Air Resources Board (CARB)
: Lo e o s
Source: Ecology and Environment, Inc. 1988 -
Hy =
2)1 Sq =
6 - 12 -
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¥

PG4009870

N



e )

| S |

O & o

Page 103 of 348

discussed in Appendix As. Therafore, assuming the above analysis
overestimates by 20 to 70 times, fugitive dust chromium
concentrations from the on-site soils containing residual
chromium may more realistically be:

Area A 7.4 to 26 nq/n?
Area B 0.53 to 18 ng/m’
Area C 16 to 55 ng/=’

There are no applicable air standards for Cr(III) for comparison.
It will be seen below that these levels correspond well with
ambient air concentrations measured during irrigation at the

Mojave Dairy.

6.3.2, IRRIGATION SPRAY DRIFT

The second source of chfomium emission to the atmosphere is
spray drift from irrigation systems using contaminated
groundwater. As discussed 1n Section 3.3.3, up to 5.6 mg/min of
Cr(VI) wvas enmitted in the spray drift from a tested irrigation
lateral line. It was estimated that this would lead to an
instantaneous air concentration of less than 0.2 ug/IP at the
edge of the irrigation spray. This value was below the detection
limit of the method employed to measure the physioclogically
relevant (i.e. respirable) air concentration. To obtain an
alternative estimation of atmospheric concentrations, a
computerized atmospheric dispersion model was used. The modeling
approach and assumptions are discussed in Appendix A6,

' The maximum predicted concentrations of Cr(VvI) in air using
these -modeling methods and assunptions are suxmarized in Table
6~5. For each receptor listed in Column 1 of Table 6~5, the wind
direction was chosen to blow directly from the spray area toward
the receptor. Average concentrations for periods longer than one
hour wvere estimated by following EPA~recommended modeling
guidelines, involving the multiplication of maximum 1-hour
concentrations, derived from the Industrial Bource Complex
Short-Tera (ISCST) model, by appropriate factors. To estimate
maximum 24-hour average concentrations, maximum 1-~hour
concentrations were multiplied by 0.4 (USEPaA, 1977, p.4-21); to
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Description of

Receptor

Residence
Regidence
Residence
Residence
Residence

Itinerant
Irrigator!

at a distance

from line
sourcae:

LI R Y N

[ Y

o» --. Table 6-5 -

SUMMARY OF MODELED AEROSOL CHROMIUM -
CONCENTRATIONS AT SPECIAL RECEPTORS -

Predicted Maximum Ambient Concentration

Map (ug/m’) )

location . s -

(rigure 4-1) 1-hr 24-hr? Annual
A 0.011 0.004 0.001 :
B1 0.014 0.006 0.001 -
B2 0.014 0.006 0.001 -
B3 0.011 0.004 0.001 f
B4 0.006 0.002 0.001 i
c -

do £t  0.044 0.018 0.004

90 £t 0.048 0.019 0.005

100 £t 0.048 0.019 0.005

U mo§ -

l-hour average concentrations were calculated by the ISCST model

(Appendix A6) using assumed typical meteorology.

3 Annual average céncintraﬁlonl vere conqcrvativcly'ostinaéed by
multiplying naxinun:l-hau: concentrations by a factor of 0.1 -

(Apgcndix AS6). o
‘ Model could not caiculati:dzstancal closer than 80 ft from line

sourca.

Sourca: Bcology & Enviromment, Inc., 1988

H127196

24-hour average conccntrations Qoro estimated by multiplying maximum -
1-hour concentrations by the factor 0.4 (Appendix AS).
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estimate worst-case annual average concentrations, a
multiplicative factor of 0.1 was used.

As can be seen from Table 6-5, the highest predicted 1-hour
concentration was 0.048 ug/l?, Oor an annual average concentration
of 0.005 ug/m’. This concentration was estimated to occur
immediately downwind of the sprayers, about 100 feet due east of
the northern end of the southern lateral line, when the wind was
at a low angle (30°) with respect to the line. This value is
more than three orders of magnitude below the OSHA occupational
permissible exposure level (PEL) of 52 ug/n? (29 CFR Part
1910.1000). The highest residential 1-hour concentration
occurred at the closest house (labeled B, in Figure 3-¢), which
was predicted at about 0.014 ug/z’, or 0.001 ug/m® as an annual
average. For comparison, the California Department of Health
Services is presently reviewing a proposed Applied Action Limit
(AAL) for an annuil average concentration of 0.002 ug/m’.
Therefore, these results suggest that the annual average
residential air concentrations would not exceed this AAL, if it
is adopted. The AAL may be exceeded in the air within 80 to 100
feet of the spray radius, at the present source concentration.
It should be noted that the groundwater source concentration is
predicted to decrease (Tables 6-2 and 6-3) under current
irrigation practices and even more rapidly with accelerated
agricultural treatment; therefore, futurs air concentrations
would decreasé. : :

In order to improve the estimates of airborne aerosol
chromjun concentrations resulting from irrigation with
contaminated groundwater, a second measurement was made. This
experiment is discussed in Section 3.3.3, with the results
presented in Table 3-7. As can be seen there, estimated Cr(vr)
concentrations were in the 1 x 10™ ug/m® range, or two orders of
magnitude below the modeled values discussed just above. These
measured values vere employed in the risk assessnent, as
described in Section 7.4. Note from Table 3-7 that the
residential numbers are of the same order as background (up wind)
concentrations. o

w127197
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6.3.3. SHOWER-GENERATED AEROSOL

In order to estimate Cr(VI) ambient air concentrations in a
shower (bathing) a carefully designed experiment was performed by
SRI International (report in preparation). In this experiment, a
"standard" shower was built and operated under controlled
conditions which simulate a reascnable range of circumstances
which might be encountered by an exposed individual. A reservoir
and plumbing system was constructed to maintain constant pressure
and temperature of the water to the shower. To determine the
effect of likely anvironmental conditions or human choices, two
different shower heads were sslected and evaluated. A Telledyne
low flow shower head was representative of an easily obtainable
devica which would produce a higher proportion of small droplets.
A high flow head was selected for the other extreme. Also, back
Pressure on the system vas considered to be a significant factor.
Two pressures were tested, 20 and 40 psig, which are reascnable
pressures vhich might be encountered in the field. The
tamperature of the shower was maintained at approximately 100° F.
A plastic dumxy simulating a bather was inserted into the shower
stall. A surrogate material for chromium (ammonium fluorescein)
was added to the wvater system to produce a homogeneous
concentration. After an apparent equilibrium was reached during
the operation of the shower, a sampling device collected liquid
droplets of respirable size (less than or equal to 10 mnicrons)
within the shower. Comparison of the ammonium fluorescein
concentration in the circulation water and in the collected
sample alloved calculation of the air concentrations for other
shover vater concentrations of non-volatile contaminants. The
ratio of the ammonium fluorescein concantration in reservoir for
the experiment to the actual concentration of Cr(vI) in the
groundvater allowed estimation of Cr(VI) concentrations in the
showver air.

Results varied froa the most stringent case, the low-flow
Telledyne head at 40 psig, to the high-flow head at 20 psig.
Assuming a Cr(VI) concentration of 0.3 Ppa2 in the groundwater
supplying the shower, then for the most stringent case the
anbient air concentration vas estimated to be 0.04 to 0.08 ug of

6 - 16

PGEOOZIZZI

-

IR ] "

ke

]

it

H

PG40098706



= N - = a I DD O oE R |

aE - =

—

Page 107 of 348

Cr(VI)/m® of air; for the less stringent case the range was 0.008
to 0.016 ug/m’. The arithmetic average of the more strigent
range of values, or 0.06 ughf was exmployed in the health risk
assessmant, in which the results were scaled to match appropriate
groundwater Cr(VI) concentrations.

6.4. AGRICULTURAL AND RESIDENTIAL SOIL

Cr(VI) is introduced to the soil environment exclusively by
irrigation with groundwater. The following analysis considers
the emission to soil and the increase in chromium levels over
time in:

(1) Agricultural field soils; and

" (2) Residential garden soils.

Each of these cases is ahalyzed under each of the three
remedial alternatives: 1) current irrigation practice; 2)
accelerated agricultural treatment; and 3) domestic water
replacement. The analysis employed the following assumptions:

[ )

(1) The only source of chromium is irrigation water.
(2) Speciation of chromium:

A. Cr(VI) to Cr(III) kinetic rate is rapid (minutes).

B. Cr(III) to Cr(VI) conversion does not occur at appreciable
levels.

(3) lLeaching is not important.

(4) Uptake by plants occurs at a sufficiently low rate as to not
inpact soil loading.

(5) No loss of chromium by aerosolization occurs during input.

(6) No loss of chromium occurs by dust entrainment.

- . - - -
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(7) Mass of soil: 2.24 x 10° kg/ha (top 15 cm, density of 1.5
g/cn’, Source: EPA, 1980).

Agricultural soils showing the highest chromium
concentrations and that have been irrigated with groundwater
since the original chromium release are found on the Mojave Dairy
(Figure 3-3); they presently have an average of 33 mg/kg of
Cr(T). This concentration compares to a measured average
background level of 7.4 mg/Kg in other off-site irrigated soils.
Therefore, over 35 years, a concentration increase of 25.6 mg/kg
has occurred, presumably due to irrigation. Assuming equal
irrigation activity each year, no loss of chromium, and the same
background concentration in all years, then the average loading
rate has been approximately 40 kg/year, or an increase in Cr(T)
concentration of 0.73 mg/kg/year (assuming a 24.3-ha or 60 acre
sized field).

-

6.4.1. AGRICULTURAL FIELD SOILS

The analysis of chromium buildup in field soils was based on
conservative, worstecase assumptions, using the alfalfa field at
the Mojave Dairy Farm as the basis for the model. This was a
reasonable choice since the field has been under production and
irrigation since the early 1930‘s (Appendix A4, Demography Study
Report) and is currently within the contaminant plume (see Figure
4-1) . This model had the £o119wing parameters:

(1) The field is 60 acres in size.
(2) The current Cr(T) concentration is 33 mg/kg.

(3) The irrigation system is of the lateral line sprayer typs,
1,270 feet in total length, with 40 rainbird sprayers (this
assumes only two north/south running lines, in operation 24
hours per day, 245 days per year). However, more may be used
to irrigate other areas of this property..

(4) Cr(VI) concentrations were based on the water quality of
wells GW35-11, 12, and 13 for the Current Irrigation Practice
Alternative, because these represent the highest Cr(VI)
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concentrations found in irrigation wells over 20 years (Table
6-2) L]

(5) The current Cr(VI) emission rate from the 40 sprinklers is
112 mg/min or 39 kg/year (assuming a water flow rate of 2.6
gPm for 8 months per year (9.8 lpm) for each sprinkler, and a
measured Cr(VI) concentration in the irrigation water of
0.285 mg/l; see Section 3.3.3).

For the accelerated aricultural treatment alternative, the
average concentration of all irrigation wells was used as it
would realistically reflect the level being applied to the field
(Table 6-3). -

It is of interest to note that the current emission rate
would cause a Cr(T) buildup rate in soil of 0.73 ng/kg/year,
vhich is equivalent to the average rate calculated above from the
difference in Cr(T) levels between this field and other off-site
irrigated soils. This supports the validity of the analytical
data for soils presented in Chapter 3.0.

The results of the analysis for all three remedial
alternatives are presented in Table 6-6. There was little
differsnce between the alternatives, except that with Alternative
2 somevhat less chronmium per hectare was deposited. The results
suggest that within 20 years almost all of the chromium that can

‘be easily removed from the aquifer will be, while under remedial

Alternative 2 the same amocunt vill be extracted within the first
five years of treatment. In both cases, the emission rate
decreases greatly within five to 10 years. This model represents
the vorst-case for any area soil receiving contaminated
irrigation water. Therefore, other agricultural field soils
irrigated with vater from the plume would have far less cr(T)
buildup. )

6.4.2. FEBIDENTIAL SOILS

The analysis of chromium emission to and buildup in
residential soils was also based on conservative, wvorst-case
assumptions, using a garden as the model. Gardens are the only
observed residential irrigation activity in the study area. This
model was basaed on the following parameters:
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fable 6-6

PROJECTED CHANGES IN AGRICULTURAL SURFACE SOIL
CHROMIUM CONCENTRATIONS OVER TIME

Chromium Chromium
Year Water Enis’ion Buildup_ Rate Cr(T) Soil
‘Quality’ Rate In Soil’® Concentration®
(mg/1) (kg/year) (»g/kg/year) (mg/kg)
Alternatives 1 & 3: current Irrigation Practice:
Domestic Water Replacement
Present 0.285 39 0.73 33.0
1988 0.285 39 0.73 33.7
1989 0.14 19 0.35 34.1
1993 0.08 11 0.20 35.3
1998 0.04 5.5 0.10 36.2
2003 0.05 6.9 0.13 36.7
2008 0.05 6.9 0.13 37.4
Alternative 23 Accelerated Agriocultural Treatment
Present 0.285 39 0.73 33.0
1988 0.285 39 0.73 33.7
1989 0.15 21 0.38 34.1
1993 0.01 4 0.07 35.3
1998 0.01 4 0.07 35.6
2003 0.01 4 0.07 3s5.9
2008 =Q= -0= =0= 35.9

1

Sourca: Ecology and Enviromment, Inc., 1988.

Cr(VI) concentrations derived from Table 6-2 averages of wells
GW35-11, 12, and 13, except for present and 1988 data, which were
neasured and reported in Section 3.3.1. Predicted data for
Alternative 2 from Table 6-3. -

Emission Rate = Cr(VI) concentration X 392 1pm X 3.5 x 10° min/growing
year X 10°° kg/mg.

Buildup Rate = Emission Rate X 1/24.3 ha X 1/2.24 x 10° kg/ha X 10°
rg/Kkg.

Soil Concentration was calculated for each year using the buildup rate
for that year, and for the four consecutive years. For example, for
the period 1989 to 1592, the rate for each year was 0.21 for
Alternative 2. ) .
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(1) The garden wvas assumed to cover an area of 25 X 25 faet
(0.0057 ha; or 0.014 acres).

(2) The current Cr(T) concentration was selected as 33 mg/kg, to
be conservative, which is a worst-case assumption. The
actual soil concentration is presently unknown.

(3) 1Irrigation is done by the resident using 5 gpm (18.9 1lpm),

1 hour per day, for 130 days (5 days per week for half of

the year).

(4) Groundwater Cr(VI) concentrations were based on the measured
level in well GW35-17. This represents the highest and,
thereforae, worst-case concentration (Table 6-1).

. -

The results of the analysis for remediation Alternatives 1, 2
and 3 are presented in Table 6-7. There vas little difference
between the alternatives. Gardens are predicted to have a
somevhat higher soil Cr(T) level compared to the agricultural
case. This is because the chromium is distributed over a smaller
area. The accelerated agricultural treatment alternative results
in decreasing the soil concentration buildup by 31%. Although
the soil concentrations are elevated over background, they are in
the range of concentrations observed in other nonserpentine soils
(8ection 3.1.2). All chromium for both scenarios will be in the
trivalent staté based on the soil’s capacity for rapid reduction
of Cr(VI) to Cr(III) (Section 3.3.2). Note that for groundwater
remedial Alternative 3 (Domestic Water Replacement) there will .
be no build-up of chromium in soil because local groundwater is
not used for garden irrigation.

6.5. BIOTA

As described in Chapter 4.0, various faunal and floral
species are potentially exposed to chromium at or near the site.
This metal is not readily accumulated in biological systems
(USEPA, 1978) nor is it biomagnified in the terrestrial food
chain (Andren et al., 1973; Langard and Norseth, 1979; Steven et
al., 1976). Nevertheless, an assessnment was conducted to evaluate
present and future vegetation tissue burdens.
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Table 6-7 -
PROJECTED CHANGES IN RESIDENTIAL SOIL CHROMIUM CONCENTRATIONS OVER TIME

Chromium Chromium Chromium
Year Concentration Enis?ion Buildup_ Rate Cr(T) Soil -
in Groundwater' Rate In Soil Concentration®
(mg/1) (kg/year) (ng/kg/year) (mg/kg)
Alternative 1: current Irrigation Practice -
Present 0.20 0.030 2.4 33
1988 0.20 0.030 2.4 35
1989 0.25% 0.037 2.9 37.9 ~
1993 0.19 0.028 2.2 48.8
1998 0.06 0.009 0.69 58.3
2003 0.13 0.019 1.5 62.6
2008 0.14 . 0.021 1.6 70.2
Alternative 2: Acocelsrated Irrigation Treatment
Present 0.20 0.030 2.4 33 -
1988 0.20 0.030 2.4 35
1989 0.25 0.037 2.9 37.9
1993 0.03 0.004 ) 0.34 46,9
1998 Q- =-0=- -0= 48.3
2003 -Q= Q= -0- 48.3
2008 0= =-0= =0~ 48.3

Alternative 3: Domestic Water Replacement

]

Present 0.20 0.030 2.4 33 -
1988 0.20 0.030 2.4 33 -
1989 -0- =-0=- =0~ 3s
1993 =-0= -0~ =0= 35 -
1998 -0- =-0= =0- 35 -
2003 -0= =0- -0~ as
2008 -0~ =0~ =0= 35

He g

' er(vI) concentrations derived from Table 6-1, well GW35-17.

2 pmission Rate = Cr(V1), concentration X 18.9 lpm X 7.8 x 10°
mnin/growing year X 10 kg/mg.

’ Buildup Rate = Emission Rate X 1/0.0057 ha X 1/2.24 x 10° kg/ha X 10°
ng/kg.

¢ Soil concentration was calculated for each year using the buildup rate
for that year, and for the four consecutive years. For exanple, for
the period 1989 to 1992, the rate for each year was 3.2 mg/kg/year
(Alternative 1).

Source: Ecology and Environment, Inc., 1988.
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Table 6-8

| B

e

BACKGROUND CONCENTRATIONS OF TOTAL CHROMIUM
IN VARIOUS PLANT TISSUES

PLANT

Corn

Potato

Ca;:ot

Onion

Squash (summer)
Lettuce (garden)
Tomato

Alfalfa

TISSUE

balb

fruit
shoot
fruit

foliage

8Source: USEPA, 1978.

s

6 - 24

CONCENTRATION Cr(T)

(ng/kg dry wt)

e oad

0.48
0.002

0.0 - 0.03 (wat)

0.1 - 0.02

0.02 ’
: e

0.07
0.01 i

0.09
<
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|
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demonstrated behavior similar to that described above, with the
highest chromium concentrations occurring in the roots. 1In
plants irrigated with cantaminated groundwater, the ratio was
identical for foliage and roots. This may bs due to Cr(VI)
deposition onto leaf surfaces. In such a case Cr(VI) most likely
would undergo reduction to Cr(III) and then either precipitation
or complexation to the leaf tissue. It is unlikely that
significant uptake occurs through the leaf surface, however, due
to the waxy cuticle which covers epidermal cells. Therefore, it
is not clear whether the observed five-fold increase in chromium
tissue burden over background levals was due to uptake or
surficial deposition.

¥While it is not possible to predict accurately the amount of
chromium that could be removed from land irrigated with
contaminated groundwater by plants, an estimate can be made basged
on the available data. The following aulunptions were used in
calculating the removal rate:

(1) 2,500 kg/ha/cutting (Finkel, 1985);
(2) Average of five cuttings/year; and

(3) Pield size (equal to that of the Mojave Dairy field) of 24.3
ha. Therefors, the amount of chromium removed from tha soil
pear year would be calculatcd as follows:

2,500 kg/ha cuttinq XS cuttinq/year X 24.3 ha X
5ng/kg X 10‘ kg/ng = 1.5 kg.’

!his represents a small fraction (pr-sently 4%) of the total
chromium loading (39 kg per year) to the soil estimated in
Section 6.4.1. As chromium emissions to soil decrease over time
(Table 6-6), the level of plant uptake is also expected to
decrease because less soluble chromium will be available for
uptake or surface deposition.
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Soil

Vegetation
- foliage
= root

Plant:Soil Ratio

-‘Table 6-9

Derived from Tablas 3-; and 3-10.

Source: Ecology and Environment, Inc. 1988.
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(1]

DETERMINATION OF UPTAKE RATIO FOR ALFALFA t
[ . ”;
Average Total .
Chromium Concentration (mg/kg dry wt.) -
:
Background Test Pield :
7.4 33 ®

0.85 5.4

1.6 5.3
=

0.11-0.22 0.16

*
*
: s
»
5
pGE0021231 -
6 - 26 -
k
=
<
PG40098716



G G o B

=

I

{ ,l | I

r—
—

L &3 =B |3 e

Page 117 of 348

Realdential Garden Frults and Vegetables

Although plants do not readily take up chromium, as discussed
above, the fraction which is taken up may increase the total
exposure of humans to this substance. This is particularly true
if garden fruits and vegetables are irrigated with contaminated
groundwater. Table 6-8 lists some reported values for background
chromium concentrations in various plant products. No field
observations were made. Based on the foregoing discussion about
alfalfa and the field observations that vere made, it is likely
that certain garden plants may also have elevated chromium
levels. However, since the referance dose (RfD) (average daily
intake) for Cr(III) is 1 mg/kg-day (USEPA, 1986) for an oral
exposure route with a chronic endpoint, it is unlikxely that a
typical person would consume sufficient garden fruits and
Vegetables to exceed this dose. This is discussed in Chapter 7.0

- -

6.5.2. PFAUNA

Fauna may also be exposed at this site and in the surrounding
vicinity to both Cr(III) and Cr(VI). Laboratory analyses of
various tissues for Cr(T) revealed little if any elevation of

chromium body burdens (Table 3-9). Upon comparison of these
values with those in Table 6-10, it is clear that the chromium

levels in the test cows wers within typical ranges. Moreover,
these results support the literature, which suggests that
chromium is not biomagnified (Andren et al., 1973). Finally,
Tregardless of the exposure pathway (i.s., oral or inhalation), it
is evident that the resulting dosage is not significant.
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TYPICAL TOTAL CHROMIUM CONCENTRATIONS IN TISSUES OF CATTLE

Concentration’
Tigsue (ug/kg)
Liver 50
150

1,830 (200 - 3,800)

Kidney 100
160
2,970 (500 -~ 6,200)

Muscle (chuck) 90

(round) 570
Bone Marrow - 30
Heart 0.0
Blood 0.0

22 (6 - 66) .

Hair 1,600 + 5,200
Milk 8-13

! All values measured as wet weight and are listed as they were

cited in the references.

" EPA,

Source

Cory, 1988

EPA,
Kerr

EPA,
EPA,
Kerr

EPA,
EPA,

EPA,

EPA,

EPA,

Kerr

1978
and Edwards, 1981

1981
1978
and Edwards, 1981

1978
1978

1978

1978

1981
and Edwards, 1981

1981

Cozry, 1988

Source: Ecology and Environment, Inc., 1988.
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7.0 HUMAN HEALTH RISK ASSESBSMENT

7.1. GENERAL APPROACH -

This health risk assessment has four majoé components which
follow a now well-established format (NRC, 1983):
(1) Hazard identification-~The determination of whether a
particular chemical is or is not causally linked to
particular health effects.

(2) Dose-response assessment--The determination of the relation
between the magnitude of exposure and probability of
occurrence of the health effects in question.

(3) Exposure assaessnent-—The determination of the extent of human
exposure before or after application of regulatory controls.

(4) Risk characterization--The description of the nature and
often the magnitude of human risk, including attendant

uncertainty.

As stated earlier, compounds of chromium are the subject of
this risk assessment. Attention is focused upon Cr(VI) and
Cr(III). Chromium can penetrate the human body via some or all of
the three major exposure routes (inhalation, ingestion and dermal
absorption) and via many environmental pathways involving all the
media (air, surface and ground water, smoil) as well as the
foodchain. Typical envirommental pathways involve inhalation of
Cr(V1)-bearing aerosols in the daily shower, or outdoors in the
aerosol mist produced by sprinkler irrigation of nearby alfalfa
fields. This analysis evaluates the exposure accunulated across
all these environmental pathway/exposure route combinations which
are believed to be relevant.

‘Cancer risk is evaluated for 'Cr(VI), and noncancer risks are

evaluated for Cr(VI) and Cr(III). Por each exposure
route/environmental pathway combination, cancer risk is the

- 71
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product of exposure and cancer potency (e.g., unit risk); overall
cancer risk is the sum of the risks for all pathway/route
combinations. The principal measure of increased rigk is taken as
the maximally exposed individual’s (MEI) increased lifetime
probability of developing cancer as a result of Cr(VI) exposures
deriving from the contaminated groundwater.

!

Noncancer risks are evaluated by calculating a hazard index
(EI). FPor a specific exposure route (e.g., inhalation) dose is
accumulated across all environmental pathways impinging upon that
exposure route, and the hazard index for a specific chromium
species is the ratioc of estimated dose to acceptable dose (USEPA,
1985a). The overall hazard index for that species is the sum of
the HI for all exposure routes. If this cumulative hazard index
is less than unity (one), then no hazard is deemed to exist for
that species taken alons. For multiple chromium species the
overall hazard index is the sum of the HIs for all species.
Again, a value less than unity indicates that no hazard is
expected. This approach is designed to reflect the possible
additivity of Cr(vi) and Cr(III) compounds and exposure routes in
vive:; neither synergistic nor antagonistic in vive interactions
are evaluated.

Where environmental pathways/exposure routes of concern lack
well-tested models and input data, compensatory assumptions have
been made. BEach assumption was made to assure that the resulting
estimate of risk is health-conservative. Significant effort was
spent improving upon these assumptions and data to improve the
accuracy of the final result. This is a standard, iterative
process in such risk assessments, designed to minimize the
resources dedicated to model and data development. The resulting
uncertainty and overconservatism present in the estimated risks
are discussed in Section 7.6 of this report.

7.2. HAZARD IDENTIFICATION
=
This Hazard Identification section summarizes the health
effects reported for chromium. It relies upon both primary and
secondary (by regulatory and research agencies) documents. A
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more detailed presentation of the literature upon which this
summary is based is presented in Appendix A7.

7.2.1. INTRODUCTION

Chromium is a common element, present in low
concentrations throughout nature. Higher concentrations may be
created as the result of industrial activities. Its toxicity in
the Cr(VI) form has long been recognized, but detailed
description of its toxic effects is complicated by the occurrence
of different compounds of the metal in different valence states.
Hexavalent and trivalent chromium are the most stabls and the
only important forms of chromium in naturae.

This and the next section (7.2 and 7.3) of this report
presant a review of health effects possibly resulting from
exposure to envirommental chromium at the Hinkley Compressor
Station site. The purpose of this review is to determine if
exposure at environmental levels is likely to produce adverse
health effects on humans. To do so, data are evaluated on the
chemistry, systemic toxicity, genotoxicity, cytotoxicity,
developmental and reproductive toxicity, and carcinogenicity of
chromium. Dose response relationships for non-carcinogenic
effects are reviewed and evaluated. Non-cancer no-cbservable~
adverse-effect-levels (NOAEL) for acute, subchronic, and chronic
exposure to chromium are developed. For carcinogenic effects,
the potency factors currently employed by the U.S. Environmental
Protection Agency (EPA) and the California Department of Health

. Services (DHS) ars evaluated.

7.2.2. CHEMICAL AND PHYSICAL PROPERTIES
The chemical and physical properties of chromium have been
discussed in section 3.1. To summarize, the significant forms of
chromium in nature are the trivalent and hexavalent, with the
trivalent form the most stable; and with hexavalent chromium

transforming rapidly (minutes) to trivalent chromium in the
environment (containing organic materials).
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7.2.3. ENVIRONMENTAL FATE AND TRANSPORT

Alx

The behavior of chromium in air has been discussed in section
3.1.3. This behavior is the basis for the typical exposures to

airborne chromium discussed imnmediately below.

For the general public not occupationally exposed, inhalation
of chromium is not likely to exceed a mean level of 1 to 2
ug/day, with a typical value of 0.28 ug/day. High concentrations
of airborne chromium and chromate have been reported in the
vorking environment, but more recent data showed that current
nean levels of airborn chromium are unlikely to exceed 10 ug/m’
in Furopean and North American factories. Depending on the type
of exposure and other working conditions, an occupationally
exposed worker may inhale 0.6 to 150 ug/day (Thorne, Jackson &

Smith, 1986).

Tobacco smoking is an additional source of inhaled chromium.

It has been estimated that tobacco has a mean chromium
concentration of 10.7 ug/g. A smoker of 20 cigarettes per day
(ca. 20 g tobacco), would inhale an additional 10-15 ug Cr/day

(Thorne, Jackson & Smith, 1986) .

Hater

section 3.1.3 covers the general behavior of chromium in
water. In terms of exposure, relatively little information is
available on the concentration of chromium in drinking water. 1In
a survey of chromium levels in public water supplies in the U.S.,
a median value of 0.43 ug/l was reported. 1In general, it is
considersd to be <10 ug/l (Thorne, Jackson & Smith, 1986).

Soll

The behavior of chromiun in soil is covered in Section 3.1.3.
Some biological characteristics of chromium in soil are covered

here.

H127216
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cr(III) is not readily removed.  from soil by living cells
because of its low solubility and the tendency to form large
hydroxy polymers at neutral pH (Ross, Sjogren & Bartlett, 1981).
on the other hand, Cr(VI) penetrates cell membranes easily.
Ross et al. (1981) studied the effects of chromium in soil on
microorganisms. They found that 10 to 12 ppm Cr(VI) was
inhibitory to most bacterial isolates growing in either a soil
extract medium and or in a semisynthetic medium. Gram negative
bacteria were more sensitive and showed some inhibition of growth
at 1 ppm. Toxicity of Cr(III) wvas not observed at similar
levels. The mechanism by which low levels of Cr(VI) may be toxic
to gram negative bacteria in soil is the reduction of their
ability to perform transformations such as nitrification.

Biocavailability and Bioconcentration in the Food Chain

Chromium is present in plants and animals primarily in the
trivalent form. Both plants and animals convert the hexavalent
form to the trivalent form. Uptake of Cr(III) by plants is
generally low (less than 2%), but proportional to the
availability (Sheppard, sSheppard & Thibault, 1984).
Bioconcentration of chromium is not expected with the exception
of bivalve molluscs (USEPA, 1984a). Chromium levels decrease
with higher trophic levels (USEPA, 1984a). Biocavailability and
bioconcentration are treated more thoroughly in Section 8.3.

7.2.4. CARCINOGENICITY

- Human epidemiological studies have revealed that inhalation
of some hexavalent chromium-containing compounds increases the
risk of respiratory cancer in occupationally exposed populations
(ATSDR, 1987; Sorahan et al., 1987; USEPA, 1584a,b). Exposure
was, howevar, also to Cr(III) compounds. The Mancuso (1951,
1975) epidemiological studies have been used by the EPA and
california Department of Health Services (DHS) to generate cancer
potency factors for chromium. Animal studies have found an
association between exposure to Cr(VI) and cancer. A weak
association was found in rats vith repeated intratracheal
instillation of calcium chromate (IARC, 1980, 1982). Cr(VI)
produced a high incidence of tumors when implanted subcutaneocusly

- ) /"12;217 PGEC021240
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intrapleurally, or intramuscularly. When implanted in the same
way Cr(III) gave low and statistically insignificant increases in

tumor incidence.
- ey N
On the basis of the total picture seen with the animal
studies, in vitro studies, and the epidemiological studies, it
has been concluded that Cr(VI) is carcinogenic to the lung in
humans by inhalation. Cr(III) is not considered to be

carcinogenic by any route.

The hypothesized mechanism of Cr(VI)-induced cancer is
thought to involve the reduction of Cr(VI) to Cr(III) in the
vicinity of DNA. This reduction may generate reactive
intermediate chromium species. In the airways and
gastrointestinal tract, Cr(Vi) is taken up by diffusion through
the epithelial cells. The ability to convert Cr(VI) teo Cr(III)
is limited in these cells. Ths unreduced Cr(VI) is released by
the epithelial cells, taken up by the red blood cells and reduced
to Cr(III). This process does not pose a cancer risk to the
organism because mature red blood cells do not contain DNA. This
reduction by the red blood cells may be why Cr(VI) has not been
found to be carcincgenic by the dermal route. The possible
routes of human exposure include inhalation, dermal, and

ingestion.

7.2.5. ACUTE NON-CANCER TOXICITY OF CHROMIUM III AND CHROMIUM VI

Cr(III) is acutely much less toxic than Cr(vi). 1In qenerﬁl
the effects are similar but the doses required for Cr(III)
toxicity are much higher. .

-

In man, the acute health problems related to chromium are
mainly the result of accidental or voluntary ingestion of Cr(VI)
salts. BSevere irritation and corrosion of the upper digestive
tract, kidney and liver damage, and even death by cardiovascular
collapse may fcollow. Langard and Norseth (1986) indicate that
doses of 2-5 g Cr(VI) compounds are fatal to humans. Acute
effects of inhaled chromium compounds are primarily due to
irritation of the upper respiratory tract.

H127218 " pgEOG212Y!
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In animals, acute toxicity due to oral administration of
hexavalent chromium results in pulmonary congestion, fluiad
distention of the gastrointestinal tract, and erosion and
discoloration of the gastrointestinal mucosa (Gad, 1986).

Acute effects following dermal administration of Cr(VI)
inelude dermal corrosion and necrosis, as well as systenmic
effects including diarrhea and decreased activity in rats.

Single oral median lethal doses (LDS0’s, the dose causing 50%
mortality in test animals) for Cr(VI) compounds range from 16.7
to 92 mg/kg depending on the compound and the animal species
tested (ATSDR, 1987). Sex-specific LD50’s show that female rats
are more sensitive than males. Acute toxicity due to inhalation
of chromium results in respiratory distress and irritation.
Median lethal concentrations of inhaled chromium (LCS50) range
from 33 to 65 mg/kg, females being more sensitive than males.
Dermal 1LD50’s ranged from 397 to 677 mg/kg chromium in rats

(Gad, 1986).

In man, onetime acute exposures to trivalent chromium
compounds have resulted from inhalation of Cr(III)=-containing
dusts, or accidental or intentional ingestion of Cr(III) salts.
Little information on acute effects in man or animals is
available in the literature on Cr(III).

In animals, Cr(III) salts have a low acute toxicity. Oral
LD50’8 in rats range from 422 to 11,260 mg Cr(III)/kg body weight
(mg/kXg). Toxic effects of ingestion of large amounts of Cr(III)
salts include diarrhea, cyanosis, tail necrosis, and gastric
ulcer. Microscopic or gross morphological changes in the liver
and kidney were not found (Smyth, 1969).

7.2.6. CHRONIC NON=CANCER TOXICITY OF CR(III) AND CR(VI)

Most chronic toxicity data have been generated for doses high
relative to those found at the Einkley site. Chronic exposure to
workers via the inhalation route has been shown to cause chronic
rhinitis, laryngeal congestion, upper respiratory tract polyps,
chronic lung inflammation, emphysema, tracheitis, and chronic

H127219 PGEOG21242

Page 127 of 348

s

1l

1y

LT

|



(Rom—

e

M

Pra—

[ peee—

e

f ]
e

S 8 E e M M o= e

[; n
—_—

e —d

==y

Page 128 of 348

bronchitis and pharyngitis. Further, X-ray evaluations have
shown increased lung markings, enlargement of the lymph nodes and
adhesions of the diaphragm (ATSDR, 1987; Alwens and Jonas, 1538
in ATSDR, 1987; Koelsch, 1938 in ATSDR, 1987; Lehmann, 1932 in
ATSDR:; Rischer-Wasels, 1938; Mancuso, 1951 in U.S. Public Health
Service, 1987). Exposure to hexavalent chromium via the oral,
inhalation, and direct dermal routes has been shown to result in
allergic cutaneous contact dermatitis. Additionally, one case of
an anaphalactoid reaction to Cr(VI) vapors has been reported.

Effects have alsc been documented in the kidney, including
damage to the proximal convoluted tubules and increases in enzyme
activities in rats (Evan and Dail, 1974; Tandon, 1978 in ATSDR,
1987; lLaborda, Diaz-Mayans & Nunez, 1986). Studies of nervous
system effects in rabbits have shown neuronal degeneration,
neurophagia, neuroglial proliferation, and meningeal congestion
(Mathur, 1977 in ATSDR, 1987; Duckett, 1986 in ATSDR, 1987).
Studies examining damage to the liver in rats and rabbits show
circulatory congestion, discreet necrotic foci, hemorrhage, and
changes in cell nuclei (Tandon, 1978: Laborda, Diaz-Mayans &
Nunez, 1986). Reproductive effects cbsarved in experimental
animals include testicular changes, seminiferous tubule
degeneration and inhibition of spermatogenesis in males; and
decreased fertility and sterility in females (Behari, 1978 in
ATSDR, 1987; Gale and Bunch, 1979; Paschin, 1982 in ATSDR, 1987).
Teratogenic effects have also been demonstrated at high dosages
(Gale, 1982; Matsumoto, Iijima & Katsunuma, 1976).

7.2.7. PEARMACOKINETICS OF CR(III) AND CR(VI)

The gastrointestinal absorption of chromium has not been
studied extensively in man or laboratory animals. Neither the
specific site nor the mechanism by which chromium is absorbed are
known. Inorganic Cr(III) compounds are generally little absorbed
vith a fractional absorption of <0.5-2% in man and rats.
Hexavalent Cr(Vi) compounds are better absorbed. In rats and
man, fractional absorption for Cr(VI) has been estimated to be
2.1 to 108. Pollowing gastric administration, it was
demonstrated that Cr(VI) and Cr(III) had a similar
gastrointestinal absorption of 2%. But when administered to the
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duodanum, bypassing the stomach, fractional absorption of Cr(III)
and Cr(VI) are 8% and 25%, respectively. These in vitro studies
showed that in a highly acidic environment such as gastric juice,
reduction of Cr(VI) to Cr(III) may occur, resulting in decreased
bioavailability and toxicity of Cr(VI) (Donaldson and Barreras,
1966). This suggests that, under most circumstances, substantial
proportions of ingested Cr(VI) would be converted to Cr(III) in
the stomach prior to absorption.

7.2.8. DERMAL ABSORPTION

Dermal absorption studies have been conducted both in vivo
and in vitro using human and animal skin. The permeability
appears to be dependent upon the chromium salt, the pH, and the
concentration applied (Mali, 1963; Wahlberg, 1965 in ATSDR, 1987;
Samitz and Katz, 1964; Sanitg, 1966).

Baranowska-Dutkiewicz (1981 in Thorne, Jackson & Smith, 1986)
applied solutions of sodium chromate (Cr(VI)) to the forearm of
27 volunteers at 0.01, 0.1 and 0.2 M. It was observed that
initial absorption increased with increasing concentration but
the rate of absorption decreased with exposure time, resulting in
net absorption being highest at 0.01 M and lowest at 0.2 M. They
then proposed the following function to model skin absorption:

A= co.f“f.rﬁ.“ﬂ.-l.m

where,
A = amount of chromium absorbed
C = molar concentration of chromate
- T = time of exposure in minutes,
u=

residual chromate.
The best quantification of dermal absorption rates was done
by Wahlberg (1970), who applied sodium chromate-51 at various
concentrations to excised (human) cadaver skin in-vitro measuring
disappearance of the chromate from (supply) solution over a 5-
hour pariod. The rate of absorption through the skin was found
to be proportional to the chromate concentration and linear at
1.5 X 10 mg Cr/cm’~hr-[(mg/1]. Using these data, the mass of
chromium absorbed (N) is the product of absorbance rate (Abs) of
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chromate (1.5 x 10 mg c'r/cnz-hr-[mg/lj, the area affected (A)
(in cm?), the time in hours (T), and the concentration of the
solution ([Cr]) in mg/l, or

v

N=Abs x A x T x [Cr]

These parameter values and relationship for dermal absorbance of
Cr(VI) were used in the exposure calculations.

The dermal absorption of Cr(III), on the other hand, is
insignificant in comparison to Cr(vi), and has not been
quantified adequately for exposure determination. Given its
absorbance relative to Cr(vI), and its low toxicity relative to
Cr(vi), the absorbance of Cr(III) will be considered to be non-
existent for the purposes of this risk assessment.

7.3. DOSE-RESPONSE ASSESSMENT
7.3.1 NRON-CARCINOGENIC EFFECTS

The no observed adverse effect level (NOAEL) is the dose or
exposure leavel at which there is no statistically significant
increase in frequency or severity of any adverse effect between
the exposed population and an appropriate control. The lowest
observed adverse affect level (LOAEL) is the lowest dose or
sxposure level at which statistically significant increases in
frequency or severity of adverse effects between the two
populations are observed in a given study or group of studies.
Adverse health effects ars defined as functional impairments and
/or pathological lesions which may affect the performance of the
whole organism, or reduce an organism’s ability to respond to an
additional challenge (USEPA, 1980).

Short Term Exposures

Toxicity of chromium compounds upon short term exposure is
described under Acute Non-Cancer Toxicity in Section 7.2.5.
Generally, chromium in the metal state is biologically inert and
does not produce toxic or other harmful effects in man or
laboratory animals. Compounds of Cr(III) have no established
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toxicity either. When taken orally, they are poorly absorbed and -
do not give rise to local or systemic effect. There are ’
therefore insufficient data to establigh a short term Cr(III)

NOAEL. However, it would be expected to be 100 to 1,000 times

greater than a Cr(VI) NOAEL.
Concerning the Cr(VI) NOAEL for the ingestion route, Gross
and Heller (1946) exposed young rats for two months to 300 or S00
ng K,Cr0,/1 in drinking water. The ingested dose of Cr(vi) was
calculated to be 8.3 and 14.4 mg/kg-day. A NOAEL of 14.4 ng -
Cr(VI)/kg-day is noted (USEPA, 1985b). This NOAEL for the rat is
translated to a NOAEL of 0.224 mg/kg-day for humans, employing )
surface area scaling and a 10 fold safety factor for intra-human
population variation. Surface area scaling employs the
assumption that mammalian skin surface area varies with the one-

third power of body weight.

AR LT

In

For the inhalation route, there are insufficient data
available for quantification of a NOAEL. Early historical -
recoghition of the ulcerative property of Cr(VI) compounds in
humans is evidenced by many studies in occupational settings.
Generally, no concentrations <0.12 ng/l? are observed. Threshold -
limit values (TLV) are permissible exposure levels for
occupational settings and are not necessarily applicable to the
genaral public. However, taking the existing TLV (the
time-waighted 8-hour average to which a worker may be exposed 8
hours per day and 5 days per veek without adverse effects) of
0.05 mg/x’, modifying it to 24 hrs per day and 365 days per year
exposure, and applying a 100 fold safety factor, results in a
»population threshold® of 100 ng/m’ (DHS, 198S).

% il

long Term EXposure

Ivankovic (1975 in ATSDR, 1987) fed Cr(III) as Cr,04 to
three groups of male and female inbred BD rats (15-20
rats/sex/dose group) in diets containing 1, 2 or 5% Cr,0, for
five days per week for two years. Body weight, general
appearance and histological measurements were examined. A NOAEL _
of 1,466 mg Cr(III)/kg-day was established.

o
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Anvar et al. (1961) studied Cr(vI) chronic effects in female
dogs (five doses, 2 dogs/dose). Doses ranged between 0.012 and
0.3 mg Cr(VI)/kg-day. No significant changes were observed in
physical condition, organ wveights, biochemical measurements of
the blood and urinalyses in any of the dose groups. A NOAEL of
0.3 mg Cr(vI)/kg-day is noted.

MacKenzie, Byerrum and Decker (1958) investigated chronic
effects of Cr(III) and Cr(VI) in drinking water on male and
female Sprague Dawley rats. No significant adverse effects on
appearance, weight gain or blood biochemistry were cbserved in
any of the dose groups. The highest dose, 25 mg/l, ig calculated
to be a 2.41 mg Cr/kg-day NOAEL for male rats.

Quantification of Noncarcinogenic Effects

For quantification of the chromium NOAEL and LOAEL, ralevant
literature has been reviewed. Based on the gsclentific data on
chromjum, it is well established that cr(vi) is more toxic than
Cr(III) and metabolically, Cr(VI) and Cr(III) are in dynamic
equilibrium. As discussed in a previous section, Cr(III) is
rapidly hydrolyzed and prscipitated. A NOAEL calculation based
on Cr(vi) data is therefore sufficiently health protective and a 3
separate NOAEL for Cr(III) is not necessary.

8ince most hunnn'data were collected via epidemiological

‘studies in the occupational setting where exposure levels are

generally high, animal studies have been used in wvhich a dose- =
response relationship was elucidated and a NOAEL identified. )
NOAELS for test animals are translated to human dose employing
surface area scaling. This is accomplished by multiplying the
animal NOAEL by the third power of the ratio of animal bedy
weight to human weight (skin area is assumed to vary with the one
third power of body veight for mammals). A safety factor of 10
is applied to cover interhuman variation.

Acute/subchronic and chronic NOAELs for Cr(VI) are calculated as
fOllW. . g -

H127224
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Human Acute and Subchronic NOAELS.

NOAEL, = '/,,[NOAEL, x (wt. of animal in kg/70 Xg) 3y pquation (1)
where subscripts h and a correspond to human and animal,
respectively. The Gross & Heller NOAEL, was 14.4 mg/kg-day:
their average rat weight was 265 gm.

Therefore, from Equation (1)
NOAEL, = '/,, [14.4 mg/kg-Day x (0.265 kg/70 xg) ')
NOAEL, = '/,, [14.4 mg/kg-day X 0.156] = 0.225 mg/kg-day.

Chronic HOARL.

Of the two Cr(vI) studies, the study by MacKenzie, Byerrum
and Decker (1958) is used for the chronic NOAEL calculation
because the study by Anwar et al. (1961) was limited by szmall
test group size (2 animals per group) .

The MacKenzie, Byerrum and Decker (1958) NOAEL is 2.41
mg/kg-day; assumed rat weight is 375 gm. Applying Equation (1)
the NOAEL, with a safety factor of 10 is 0.042 mg/kg=-day.

This chronic NOAEL, is vell supported by a human study of
chromium in drinking wvater. A family of four consumed water from
a private well centaining approximately 1 mg Cr(VI)/l which is
equivalent to 0.03 mg/kg-day for a 70 kg man assumed to drink two
1iters of water per day. No adverse health effects vere
detectable by physical examination in any of the family members

(USEPA, 1985b).
7.3.2. CARCINOGENIC EFFECTS

General carcinogenic effects of chromium in man and animpals

is discussed under garcinogenicity in Section 7.2.4 and Appendix 3
A7. Concerning the quantitative risk asssssment of chromium, EPA _

and the California Department of Health Services have both
recently published health assessment documents. Their
carcinogenic risk calculations are based on inhalation of

7 - 13 117}"
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hexavalent chromium. This is in agreement with the conclusion
reached from the literatire review presented in the previous
sections: Cr(vVI) compounds demonstrated both mutagenic and
carcinogenic effects, while Cr(III) compounds generally fail to
demonstrate such effects. These studies are reviewed below.

Epidemiologic Studies . -

Many epidemiologic studies have demonstrated the
carcinogenicity of chromium, but only a few have been able to
quantify the exposure and thus qualify for a dose-response
assessment. Of the four studies used by EPA, only two were
adequate for quantifying dose-response. They are discussed
below.

Mancuso (1975) reported on the cancer mortality of 332 white
male workers who were employed in a chromate plant at
Painesville, Ohio between 1931 and 1937 and vaere followed to
1974. Data from a 1949 industrial hygiene study of the plant
were used to derive weighted average exposures to insoluble,
soluble and total chromium, which were then applied to each
member of the worker cohort. Of the 332 employees, 173 (52%) had
died by 1974, and 41 deaths vere from lung cancer. The age-
adjusted data showed an increase in lung cancer rate with
increasing exposurs to chromium. 8Smoking habits were not =
factored out of these results. '

Pokrovekaya (1973 in ATSDR, 1987) compared cancer mortality
of a group of male ferrcalloy workers in the Soviet Union to the
population of similar age in the city where the plant was located
for the time periocd 1955-1969. Exposure was estimated by ambient
air concentrations of hexavalent chromium which were reported to
exceed the so-called "marginally allowable value (0.01 ng/u?)' by
2 to 7 tinmes on the average. This allows an estimation of worker =
exposure level of 0.02 to 0.07 mg/m’. The lung cancer mortality
ratios were 4.4 for the age group 30-39 and 6.6 for the age group
50-59. Neither the numbers of vorkers nor the criteria by which
vorkers were included vere defined for the cohorts.

H127226
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Animal Studiesg

Animal studies have not been successful in demonstrating a
significant increase in tumor incidence following inhalation or
ingestion exposure to either Cr(VI) or Cr(III). Increased tumor
incidence has been observed at site of contact, but it has been
difficult to quantify dosages: hence these studies are not useful
for quantitative dose-response assessment, but are useful in
supporting the qualitative identification of chromium as a
potential carcinogen.

The study by Steinhoff, Gud and Hatfield (1983) is useful for
examining the possibility of non-linearity of the chromium dose-
response relationship. Steinhoff, Gud and Hatfield (1983) studied
the carcinogenicity of sodium dichromate and calcium chromate in
Sprague-Dawley rats via intratracheal administration. There were
40 rats/dose/sex with 10 treatment groups. The treatments were
as follows: O, 0.05, 0.25, 1.25 mg/kg (sodium salt) and 1.25
(calcium salt) mg/kg at 1 administration/week:; 0, 0.01, 0.05,
0.25 mg/kg (sodium salt) and 0.25 (calcium salt) mg/kg at 5
administrations/week for 32 months. Statistically significant
increases in combined lung tumors were found only in the 1.25
xg/kg (cne administration per week) sodium dichromate and calcium
chromate groups and the 0.25 mg/kg (five administrations per
wvesk) male calciun chromate group. In other words, weekly
exposure of sodium chromate at 1.25 mg/kg yielded carcinogenic
effects while exposure at one-fifth the dose at 0.25 mg/kg for
five times/week failed to result in increased tumors. This
differential in the carcinogenic response, together with short
term genotoxicity studies and metabolism studies, have been
viewed as possible support for a chromium carcinogenic threshold
(Hathaway, 1985), although the concept of a threshold level for
carcinogens is controversial.

Quantification of the carcinogenic risk factor based on these
epideriologic studies was performed by the EPA and the DHS.
sinco chromjum exposures in the occupational settings were in the
ng/n range, which is about 4-5 orders of magnitude higher than

7 =215
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ambient levels, a model for extrapolating to ambient levels is
needed. Based on radiation induced leukemia studies, the health
agencies have adopted the linear non-threshold model for this
high dose-tc-low dose extrapolation.

Two dose-response extrapolation models vere used by the
agencies to calculate carcinogenic potency (q;, the increased
lifetime probability of developing cancer from lifetime exposure
to 1 mg substance per kg of body weight per day) based on the
epidemiologic studies.

The first extrapolation method employed the competing risk
model, which requires age-specific mortality data (that tends to
be log-log in form). The incidence I(T) by time T is assumed to
follow a “competing risks" formulation:

I(T) = br*" Equation (2)

wvhere T is time (USEPA, 1984a). It is called the competing risk
model below.

Ll

The second extrapolation method employed a crude model which
equates the risk among the exposed individuals (R,) to a function
of the incremental dose (d) and the background cancer rate (R,).
In this model the relative risk (RR) is taken as eqgual to R’/Rb
and then incremental risk per unit dose, B (equivalent to q,) is

calculated as follows (USEPA, 1984a):
B = [(RR- 1) X Ry]/d Bquation (3)

wheres:

B = q = cancer potency slope = increased lifetime
probability of developing cancer from lifetime
exposure to 1 mg/kg-day of Cr(VI)

R, = total lifetime probability of developing cancer

for the exposed group
R, = total lifetime probability of developing cancer
for the unexposed general population

7 - 16
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4 = incremental dose to exposed population in
ng/kg-day
RR = R/R,

This model does not require age-specific mortality rate data, and
is referred to below as the crude modal.

Since the Mancuso study is the most highly regarded chromium
carcinogenic data base, values for q; derived from this study
have been promulgated by the agencies. Calculations and
assumptions applied by the EPA and the DHS to the Mancuso study
in order to arrive at a potency slope estimate have therefore
been reviewed.

Risk factors were presented by the EPA and the DES in terms
of unit risk (life time cancer risk due to lifetime exposure to
average anbient air concentrations of 1 ug carcinogen/n) in
units of (ug/n.) . Thly have been translated here to q‘ in
terns of (ng/kg-day) as well.

7.3.3. IDENTIFICATION OF A RANGE OF POTENCY SLOPE VALUES

The Mancuso study has been reviewed and critiqued by
industrial hygienists (DHS, 1985). The results of these reviews
can be summarized as follows:

(a) Lung cancer mortality is reported for total chromium. Since
available data suggest that only hexavalent chromium
compounds are carcinogenic, use of total chromium data
results in an overestimation of exposure (and therefore an
underestimation of cancer potency).

Bourne and Yoo (1950), who conducted the industrial hygiene
survey in 1949, estimated the ratio of Cr(VI) to Cr(III) in
the airborne dust in the nine major departments of the
industrial facility. From their data, EPA estinmated that
the Cr(VI) to total chromium ratio is not less than one-
seventh (1/7). Overestimation of exposure due to speciation
is therefore not likely to be more than seven fold (leading
to an underestimation Gf potency).

7 - 17
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(b) According to Hathaway, Manciss had assumed that worker
exposure post-1949, after the plant initiated a program to
reduce worker exposure, was zero. Failure to account for
post-1949 exposure might result in underestimation of
exposure (and therefore an overestimation of cancer
potency).

(c) It was assumed that smoking habits of chromate workers were
similar to those of white male members of the ganeral
population. This factor may contribute to overestimation of
cancer potency because chromate workers probably smoke more
than the general (background risk) population (see
BEquation (3) above).

In view of the above factors, EPA concluded that
underestimation of risk due to factor a) is balanced out by the
overestimation of risk contributed by factors b and c). EPA thus
judged that the unit risk of 1.2 x 10 (ug/»®)™ (q] = 42 (mg/kg-
day)”'), calculated on the basis of total chromium by the Mancuso
study employing the competing risk model, is the best estimate of
cancer potency from hexavalent chromium exposure. This value for
the Cr(VI) cancer potency is employed by EPA in evaluating cancer
risk under its regulatory programs such as Superfund (USEPA,
1986).

In view of the above factors the DHS concluded that
underestimation of risk due to factor a) is not more than seven
fold, and that overestimation of risk due to factor b) may be 5.6
fold. Point c), the possible contribution to higher background
risk (and therefore overestimation of cancer potency) by the
potantially higher smoking rate among workers, wvas not
considered. In addition to the competing risk model, the DHS
calculated the cancer potency factor by the crude model using the
Mancuso study. Maximum likelihood estimates of potency factors
were obtained for the crude model. Different combinations of
factors a) (7 fold) and factor b) (5.6 fold) were applied to the
best estimates thus creating the array of unit risks displayed in
Table 7-1. Ultimately, the DHS chose to promulgate a range of
unit risk values with the upper limit the 95% upper confidence

7 - 18
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limit (UCL) of the unit risk derived from the crude model

corrected only for Cr(VI) speciation: and the lower limit the

best estimate 1.2 x 102 (ug/x’)"! preferred by EPA. The upper

value is obtained by calculating the 95% UCL of the maximum

likelihood unit risk and multiplying by 7 to result in a unit -
risk of 1.46 (ug/m’)”' (q; = 511 (mg/kg-day]™’).

The scientific evidence is strong that estimation of cancer
risk by the Mancuso study is influenced by the uncertainty in
exposure data represented by factors a) and b); that peints a)
and b), if considered at all, should be treated as one overall
entity. Unit risk calculated by EPA represents the latter in the
way that the factors cancel each other. When correction factors
of 7 and 1/5.6 are applied to the maximum likelihood estimate
derived from the crude model, a unit risk of 1.8 x 102 (ug/m’)”’
(g; = 63 [mg/kg-day)’')is obtained (the DHS, potency shown in
Table 7-1). The 95% UCL of this risk value is 2.6 x 107 (q; = 91 .
(mg/kg~day]'). Correction for smoking habits is not appropriate
because sufficient data to support an appropriate correction
factor are lacking. -

A comparison of the unit risk and q; values discussed above
is presented in Table 7-1.

California Department of Health Services guidelines for
chemical carcinogen risk assessment suggest that a range of unit
risk values be used to reflect the uncertainty present therein.
Based upon the prasvious discussion, the following has been
employed as the most reasonable range in this risk estimate:

[
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TABLE 7~}

COMPARISON OF CHROMIUM CANCER POTENCY SLOPESB

-

Data Bagse = ___ Best Estimate = -25% Upper confidence Limit -

Unit risk q Unit risk q;

(ug/m’)"! (mg/kg-day) "' (ug/z’)”'  (mg/kg-day)
EPA 1.2 x 10?2 42 NA NA
(competing s
risk model) '
DHS 1.16 x 107 41 NA NA »
(competing
risk model) :
DHS/EPA 1.44 x 10° 50 2.1 x 1072 73
(crude model)
DHS, 10.08 x 107 3s3 14.6 x 10° 311 n
(crude model) '
DHS, 1.8 x 10% 63 2.6 x 107 91 i

(crude model)

DHS, = DHS (crude model) x 7
DHS, = DHS (crude model x '/,
7 multiplier <=> factor a)

/5. Dultiplier <=> factor b) :

7 - 20
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@: 42 (mg/kg-day)”’ 91 (mg/kg-day)”’

The lower end of this range (42 (mg/kg-day)”) is the
competing risk model maximum likelihood estimate preferred by
EPA. The upper end of this range (91 (mg/kg-day)“) results from
miltiplying the crude model best estimate by 7/5.6 and taking the
95% UCL. This range is believed to be health conservative and
well supported by the available scientific data. However,
calculations have also been performed employing the upper end of
the DHS range, a value for q, of 511 (mg/kg-day) .

7.4. [EXPOSURE ASGESSMENT . .

7.4.1. SPECIFIC ENVIRONMENTAL PATHWAYS ADDRESSED

In order to adequately guantify exposures due to chromiun in
ground water, it is necessary to consider all significant
exposure routes and environmental pathways which might lead to
exposure to the Cr(VI) or its reduction product Cr(III). These
include: direct contact with groundwater or groundwater-
contaminated soil; inhalation of aerosolized groundwater:; and
ingestion of groundwater-contaminated soils, or food products
grown with contaminated groundwater or in groundwater-
contaminated soils. The following activities and routes of
exposure vere considered in this risk assessment. Some of the
ingestion pathways, such as ingestion in home grown beef and milk
(the latter without central processing) are considered possible
but not likely. They are are included in order to be health-
consarvative. One possible pathway via evaporative coclers has
not been addressed because it has not been possible to quantify
its impact:; this pathway is not considered to be significant.

Dermal Route

Shovering
Washing hands
Washing dishes

w127 233
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washing cars and/or trucks

Washing cows

Washing barn

Commercjial irrigation

Domestic irrigation

Domestic gardening (soil)

Outside play

Unspecified outdoor activities (soil)

Inhalation

Shovering

Washing dishes

Washing clothes

Washing cows

Washing barn

Commercial irrigation
Domestic irrigation

Domestic gardening

outside play

Unspecified indoor activities, including sleep
Unspecified outdoor activities

Inﬂﬁﬂﬁinn_ﬂli
lLocally produced fruits and vegotablcs:
Locally produced milk ,

Locally produced beef
Soil contaminated with Cr(vi)-containing groundwater.

7.4.2. EXPOSURE CALCULATION

A generic squation was utilized to quantify exposure through
each route of exposurae. The equation utilized several paranmeters
which ars not relevant for every route. These factors were set
equal to one when not used, in order to not effect the
calculation.

DOSE = A x 3Exp x [Cr] X ABS X T X R x VorM x 1/BW

H127234
2 - 22
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Where:

A = TOTAL BODY SURFACE AREA (cm’)

AEXp = PERCENT OF TOTAL BODY SURFACE AREA EXPOSED
[Cr] = CHROMIUM CONCENTRATION (mg/l or mg/kg)

ABS = DERMAL ABSORPTION RATE (mg/cm’/day/[mg/l])
T = TIME (fraction of a day)

R = RATE .({units) per day)

VorM = VOLUME OR MASS (1 or kg)

BW = BODY MASS (kg)

For the inhalation route, absorption rate and volume or mass
ware set to unity. PFor the dermal route, the rate and volume or
mass terms were set to unity. For the ingestion route, the area,
absorption rate, time, and rate terms were set to unity.

The doses were calculateﬁ for each of the situations listed
in 7.4.1. as part of a computerized computation of the risks for
each of the exposure scenarios.

7.4.3. COMPUTATION OF CANCER RISKS

Since Cr(VI) is considered carcinogenic only by the
inhalation route, cancer risks were calculated for inhaled Cr(VvI)
only (see section 7.2). The risk was computed for each situation
using the following equation.

RISK = DOSE x CANCER POTENCY FACTOR
Where:

DOSE = DAILY DOSE OF Cr(VI) (mg/kg-day)
CANCER POTENCY FACTOR = CANCER POTENCY SLOPE, q; (mg/kg-day)’

The risk was calculated for each individual in each year in
the exposurs model. These annualized risks were time-weighted
and summed to reflect the total estimated lifetime risk from
exposure to the individual subjected to site conditions described
in Chapter 6 for a 70-year lifetime and for a 50-year adult
lifetime. This was computed for conditions of groundwater

7 - 23
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concentrations for a twenty-year period at five year increments,
beginning in 1988 (see Chapter 6 for groundwater data).

The maximally exposed individual’s (MEI) lifestyle was
identified on the basis of risk assessment results. For remedial
Alternative 1, that MEI would be an adult performing domestic
tasks, living at the ranch at Point By in Figure 4-1 throughout a
70=-year lifetime from birth through adulthood. For Alternative
2, the MEI would be a dairy farmer, living at Point B;, and
working at point A in Figure 4-1 throughout a S50-year adult life.
For Alternative 3 the MEI would be the dairy farmer, as described
for Alternative 2. If Alternative 3 is extanded to replace the
watar used to wash cows and barns, all individuals considered
become the MEI’s. The excess lifetime risk resulting from a 50-
year adult lifetime exposure to the maximally exposed individual
was computed by extrapolating the risk incurred by that
individual in 1988 to the first year of adulthood, the risk
incurred in 1989 to the following four years, the risk incurred
in 1993 to the next five years, the risk incurred in 1998 to the
next five years, the risk incurred in 2003 for the next five
years, and the risk incurred in 2008 to the remaining 30 years of
a 50-year adult life span. Lifetime risks for living a 70-year
lifetime at the site ware also calculated on a time-weighted
basis. This considered the exposure to the 2-1/2 year-old child
for the first five years as above, the 10 year-old child for the
following 10 years, and each adult over each of the remaining
five-year periods, extrapolating the risks for the year 2008 over
the rest of the life of the individual.

7 - 24
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7.4.4. NON=-CANCER RISKS

Non-cancer risks were computed by comparing the Cr(VI) and
Cr(III) doses to an allowable daily intake for chronic exposures
(AIC) for Cr(VI), and expressing this as a hazard index (USEFA,
1985):

-+
AIC Cr(VI)

Because the Cr(VI) AIC is health conservative for Cr(III), it
was used for both Cr(vVI) and Cr(III). This hazard index was
computed for background and incremental doses from each of the
compartments. The incremental hazard index for each compartment
was summed to generate an overall incremental hazard index. The
same was done to generate the background and total overall hazard
indices. A total overall hazard index less than one indicates
the absence of a risk, whereas a total overall hazard index
greater than one indicates the presence of a risk.

HAZARD INDEX =

Hazard indices can also be computed for shorter-term
exposures, utilizing acute or subacute AIC’s. As the chronic
hazard index is, by design, always at least as stringent as the
acute or subacute, only the chronic hazard index was computed.

Unlike cancer risk, the hazard index reflects day-to-day,
month-to-month, year-to-year risks, and are not additive through

time. Thus, adjustment for lifetime exposures are not
appropriate.

7.4.5. SPECIFIC HUMAN RECEPTORS ADDRESSED

Several assumptions dttec%inq'exposure and dose modeling
apply to all of the individuals considered, although exceptions
ars noted for some specific receptors. The values used for body
weight, surface area, ventilation rate, and ingestion rate are
those reported in Report of the Task Group on Raference Man
(Snyder, et al., 1975). These values were developed by the
Intetrnational Commission on Radiation Protection, for use in
computing radiation doses. They are appropriate for computing
doses of chemical toxicants as well. These assumptions include:
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(1) the receptors are typical people, reflected by statistical
averages of body weight, surface area, ventilation rataes,

etc.

(2) except for off-site work or school, the receptors are
considered to be on-site 24 hours per day, 365 days per
year. )

el

(3) exposure times reflect a 5-day work week, with 2 weeks
vacation per year, or a 3-month school vacation.

(4) exposure times reflect 8 hours of work (play for children),
8 hours of sleep, 4 hours of other indoor time, and 4 hours
of other outdoor time.

(5) the dermal absorbance (ABS) of Cr(VI) = 3.5 x 10
mg/cmi/day/[mg/1l] (Wahlberg 1970).

(6) the skin is impermeable to Cr(III) (dermal absorbance (ABS)
of Cr(III) = 0 mg/cm’/day/[®g/1]). '

(7) drinking/cooking wvater not containing Cr(vI) is supplied and
used.

(8) no other sources of Cr(VI) exposure via the ingestion route
apply, because it is transformed to Cr(III) before exposure -
(see Chapter 6). '

(9) ingestion rates for produce, milk and meat were assumed to
be the per capita consumption rates in the case of adults,
and wvers scaled to children by body mass, assuming a 70 kg
adult.

(10) the domestic water source considered was the single most
contanminated domestic well, as presented in Chapter 6.

(11) outdoor air Cr(VI) concentrations result from commercial

irrigation overspray, and from domestic irrigation, as
presented in Chapter 6.

7 - 26
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

(18)

(20)
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indoor air Cr(VI) concentrations reflect outdoor air
concentrations reduced by a factor of two.

breathable shower air concentrations of aerosol water are
represented by the experimental air concentrations described
in Chapter 6.

breathable air concentration of aerosol water while washing
dishes and clothes are one tenth of those found in the
shower.

breathable air concentrations of aerosol water while washing
cattle, vehicles and barns are two tenths of those found in

the shower.

water from irrigation wells was used for washing cattle,
vehicles, and barns.

the allowable daily intake for chronic exposures (AIC) to
Cr(vi) is 0.042 mg/kg-day, as described in Section 7.3.

the allowable daily intake for chronic exposures (AIC) to
Cr(III) is 0.042 mg/kg-day, as described in Section 7.3.

chromiun is carcinogenic only when in the hexavalent state
{Cr(VI)], and only via the inhalation route, as described in
Section 7.2.

the most reasonable cancer potency factor g, for Cr(VI) via
the inhalation route is 91 (mg/kg-day) !, the upper end of
the range of potency factors developed in Section 7.3; other
values developed in Section 7.3 are also employed (42 and

511 (mg/kg-day)’').

Exposures to six different individuals (receptors) were

evaluated to determine the risks presented to each. They include

the

following:

H127239
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Dairy farmer

Exposures to an adult farmer living at Point B, and working
at Point A cof figure 4.1 were evaluated. Assumptions about the
dermal exposure route include: a body mass of 70 kg, a total 2
body surface area of 18,000 cm®. The dairy farmer was assumed to i
work 7 days per week, with two weeks’ vacation per year. This is
a very conservative assumption. Assumptions regarding the

variables for each activity affecting the dermal route include:

Activity Body Surface Time (day)
Axrea (% Total)
S8howering l1o00% 0.007 (10 min/day)
Washing hands 5% 0.0l (15 min/day)
Washing vehicles 50% 0.003 (1 hr/wk)
Washing cows 50% 0.04 (1 hr/day)
Washing barn 50% 0.04 (1 hr/day) )
Demestic irrigation 10% 0.018 (1 hr/day

4 day/wk, 9 mo/yr)

The 50% of body surface area exposed during washing of vehicles,
cows and barn represent wet clothing on that portion of the body.
It is conservative but reasonable.

Assunmptions regarding the inhalation route include a
ventilation rate of 23 m’/day for light work, 10.8 m’/day for
non-exertion time. Time reflects the same assumptions as for the
dermal route. Assumptions regarding the variables for each
activity affecting the inhalation route are described above.

Assurptions regarding the variables for each source affecting
the ingestion route include:

7 - 28
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Source VorM/day

lLocally produced fruits

and vegetables 0.516 kg
Locally produced milk 0.3 1
Locally produced beef 0.248 kg
Soil 3.9 x 10" kg

2-1/2 vear-old child, residing at location B,

This receptor was assumed to have a total body mass of
17 kg, and a total body surface area of 5,300 cm’. Assumptions
about activities related to dermal absorption are as follows:

Activity Body Surface Time (day)

Araa (3 Total)
Showering 100% 0.007 (10 min/day)
Washing hands 5% 0.004 (5 min/day)

The inhalation route assumes a ventilation rate of 6.7 m'/day
for light work, and 2.5 m’/day for resting time; and outside play

time was assumed to be 8 hrs/day.

Quantities of contaminated materials ingested were assumed to
be as follows:

Source VorM/day

lLocally produced fruits

and vegetables ) 0.125 kg

Locally produced milk 0.45 1

Locally produced beef 0.06 kg

Soil 1.3 x 10™ kg
10 vear=-o0ld child. residing at location B,

This receptor was assumed to have a total body mass of 33 kg,

and a total body surface area of 9,600 cm’. Assumptions about
activity times relevant to dermal exposures are:

7 - 29
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Activity Body Surface Time (day)

Area (% Total)
Showering 100% 0.007 (10 min/day)
Washing hands 5% 0.007 (10 min/day)

Assunptions regarding the inhalation route include
ventilation rates of 13 m’/day for light work, and 4.8 m 3/day for
resting time. The child was presumed to be off-gsite at school 8

hrs/day during school months.

Assumptions of consumption of contaminated paterials include:

Source VorM/day

Locally produced fruits

and vegetables 0.243 kg
Locally produced milk 0.45 1
Locally produced beef 0.117 kg
Soil 3.7 x 107 kg

This receptor was assumed to have a total body mass of 58 kg,
and a total body surface area of 16,000 cm’. Assumptions about
activities resulting in dermal exposure include:

Activity Body Surtface Time (day)

Area (3 of Total)
Showvering 100% . 0.007 (10 min/day)
Washing hands 5% 0.01 (15 min/day)
Washing dishes 53 0.02 (30 min/day)
Washing clothes 5% 0.04 (60 min/day)

Assumptions regarding the inhalation route include
ventilation rates of 23 m’/day for light work, and 10.8 m’/day
for non-exertion time. Assumptions about activities contributing
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to inhalation include:

Activity Time (day)

Showering 0.007 (10 min/day)
Washing dishes 0.02 (1/2 hr/day)
Washing clothes 0.04 (2 x 1/2 hr/day)
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Assumptions about gquantities of ingested contaminated

materials include:
Activity VorM/day

Locally produced fruits

and vegatables 0.516 kg
Locally produced milk 0.3 1
Locally produced beef 0.248 kg
8oil 3.9 x 10™ xg

Adult residing at location B,. emploved as an irrigator

Assunptions about sp&citie activities affecting the dermal

route include:

Activity Body Surface Area
(¥ of Total)

Showering 100%

Washing hands 5%

Washing vehicles 50%

Commercial irrigation 40%

Domestic irrigation 10%

Assunptions regarding activities contributing exposures via

the inhalation route include:

Iine (day)

0.007 (10 min/day)
0.01 (15 min/day)
0.006 (1 hr/wk)
0.222 (8 hr/day)

7 day/vwk, 8 mo/yr)
0.018 (1 hr/day,

4 day/wk, 9 mo/yr)

673)?43
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Activity Time (day)

Commercial irrigation 0.007 (15 min/day)

Domestic irrigation 0.018 (1 hr/day, 4 day/wk, 9 mo/yr)
Domestic gardening 0.05 (4 hr/day, 2 day/wk, 9 mo/yr)

Assunptions about consumption of contaminated materials
include:

Source VorM/day

Locally produced fruits

and vegetables 0.516 kg

Locally produced milk 0.3 1

Locally produced beef 0.248 kg

Soil 3.9 x 10™ kg
laborer

This receptor was considered to live at the site (Point B,),
but work off-gsite, away from the contamination 8 hours per day.
Assumptions about the activities affecting the dermal route
include:

Activity Body Surface Area  Time (day)

(% Total)
Showvering 100% 0.007 (10 min/day)
Washing hands 5% 0.01 (15 min/day)

Assunptions regarding the activities affecting exposures via
the inhalation route include:

Activity Time (day)

Domestic gardening 0.05 (4 hr/day, '2 day/wk, 9 mo/yr)

Assumptions regarding exposure to contaminated materials via
the ingestion route include:

7 - 32
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Activity VorM/day
Locally produced fruits

and vegetables 0.516 kg
Locally produced milk 0.3 1
Locally produced beef 0.248 kg
Soil 3.9 x 10™ kg

7.5.1. INCREMENTAL CANCER RISKS

The method of computation of the cancer risks related to the
Cr(VI) in the groundwater at Hinkley are summarized in section
7.4.3. The rasults of those projections are sunnarized in Table
7-2. Por the preferred cancer potency slope q; value of .91
(mg/kg-day)”', for example, Table 7-2 indicates as follows. The
table indicates that continuing the current irrigation practice
Alternative 1 results in the maximally exposed individual being
the "homemaker” living at Point B, (See Figure 4-1) with an
estimated cancer risk of 1.3 x 10° arising from a 70-year
lifetime exposure at the site. In the case of the accelerated
agricultural treatment Alternative 2, maximal exposures occur at
Point B,, resulting in an estimated lifetime risk of 2.1 x 10" to
the dairy farmer exposed over a 50-year adult life. PFor the
domestic water replacement Alternative 3, maximal exposures are
incurred by the dairy farmer over a 50-year adult life, resulting
in an estimated lifetime risk of 5.8 x 10®. If Alternative 3 is
extended to the water used to wash cows, barns and vehicles, all
in%}vidunls become MEI’s with estimated lifetime risks of 2.9 x
107,

Since one application of risk assessments is to be protective
of the health of individuals, the maximally exposed individual
(MEI) is addressed in the previous paragraph. Typically,
individuals other than the MEI are also considered in risk
asgsessments to address the potential for community impacts
(excess cancer burden). Given the small number of exposed
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individuals (fewer than 100) the excess cancer burden in the
exposed population is computed to be less than 10> (no excess
cancers predicted).

7.5.2. NON-CANCER RISKS

Evaluation of the hazard indices (presented in Table 7-2) for
each of the individuals through time indicates the absence of
non-cancer risks. The total hazard indices range from 0.01 to
0.024. These primarily reflect exposures to normal
concentrations of Cr(III) in ordinary foods, and cannot be
construed as presenting a health risk.

There is a possibility of subpopulations being inordinately
sensitive to Cr(Vi). 1Its presence in the domestic water could
cause allergic dermatitis. Due to difficulties in quantifying a
dose-dependent response to such exposures, it is not possible to
quantify the risks associated with this effect. The effect is a
nuisance, and is not life-threatening. Furthermore, medical
examinations of exposed individuals at the site revealed no such
contact dermatitis effects (lLowengart, 1988).

7.5.3. DISCUSSION OF HEALTH RISK ESTIMATES

The conclusions which can be drawn from this risk assessment
are as follows:

(1) Adverse non-cancer health effects are not expected.

(2) Assuming continuation of the current irrigation practice
Alternative 1, the upper-bound lifetime cancer risk to a
maximally exposed individual is estimated to be 1 x 1075, or
one-in-one-hundred-thousand.

(3) Assuming implementation of the accelerated agricultural
treatment Alternative 2, the upper-bound lifetime cancer
risk to a maximally exposed individual -is estimated to be
2 x 10, (two-in-one-million.) .

(4) Assuning implementation of the domestic water replacement
Alternative 3, the cancer risk to the maximally exposed
individual is estimated to be 6 x 10%, or six-in-one-
million.
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(5) Considering the‘éiik to the ﬁaximally exposed individual,
and the population at the site, the excess cancer burden in
the local population is expected to be non-existent.

Tables presenting more complete results, along with calculations
and explanations are presented in Appendix A7.

The hazard index, which measures adverse non-cancer health
effects, was less than 1 in all cases (range: 0.01-0.024). This
indicates the non-cancer health risks from the groundwater
contamination is insignificant under any of the remediation
alternatives.

The maximally exposed individual under the current
irrigation practice alternative 1 is an individual living at the
site throughout a 70-year lifetime. This individual (performing
domestic tasks) has an expected cancer risk of 1 x 10°%, or one-
in-one hundred-thousand. This utilizes the q, of 91 (mg/kg-day) .

Under the accelerated agricultural treatment Alternative 2,
the maximally exposed individual lives at the site through a 50-
year adulthood, with an expected cancer risk of 2 x 10", or two-
in-one-million. (For a thorough description of the assumptions
about this individual (the "dairy farmer™) and others considered,
see section 7.4.5.) This risk value reflects a cancer potency
factor of 91 (mg/kg-day)'. If a cancer potency factor of 42
(mg/kg-day)”' is used, the risks are 0.46 times those discussed
here; if a cancer potency factor of 511 is used, the risks are
5.6 times those discussed here (ses Table 7-2).

Under the domestic water replacement Alternative 3, the
maximally exposed individual is the dairy farmer. His cancer
risk is 6 x 10, or six-in-one-million, resulting from a 50-year
adult life of exposures. This risk is based on the 91 (mg/kg-

aay)” q;.
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The maximally exposed individual is not intended to be
representative of the average person at the site. The MEI is
analyzed to determine if an unacceptable risk is borne by any
exposed individual. There is a tendency in risk assessments such
as this to overestimate the risk to the MEI by assuming that
individual engages in all activities possibly posing a risk.
Efforts were made in this risk assessment to avoid such over-
estimation by considering realistic daily habits and behaviors.
Even so, this approach is conservative, and the average person at
the site would be expected to have a substantially lower risk.
The computation of the risk to the average parson is utilized in
the determination of the population cancer burden. Due to the
small population exposed and low individual risks, population
cancer burden is insignificantly small.

7.6. UNCERTAINTY ANALYSIS ...

Due to the number of assumptions, data points, and
calculations, a degree of uncertainty is necessarily associated
with the risk estimates from any risk assessment. These
uncertainties systematically and intentionally bias the risk
estimates upward (greater risk). This is because if an error is
to be made due to uncertainty, it is to be protective of human
health. It is also important to not unnecessarily overestimate
the risk by making unrealistic assumptions. In an attempt to
clarify the effact of these uncertainties, the assumptions made
in this risk assessment are classified below as of conservative
(C), neutral (N), or indeterminant bias (I). The degree of
uncertainty on an arbitrary scale of 1 to 3 (1 being least
uncertain, 3 being more uncertain) is also indicated.
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Assupption Bias Degree

Cancer Potency Slope c 2 -
Non-Cancer AIC c 1 i
Body Mass N 1

Total Body Surface Area N. b ;
Percent Surface Area Exposed N 2 i
Time On-Site | c 1 .
Dermal Absorbance Cr(VI) I 3

Dermal Abscorbance Cr(III) N 1

Ingestion Volunc; and Masses N 2 i
Irrigation Aerosol Produétion c 2 :
Shower Aerosol Production N " 1 -
Dishwashing Aerosol Production ¢ 2 )
Clothes Washing Aefasol . ‘E 2 .
Production

Cow Washing N 3 i

Aerosol Production

Barn Washing

Aerosol Production _ c 3 _
Tipe Showering N 1l
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Time Washing Hands

Time Washing Vehicles

Time Washing Barns and Cows
Time Watering Garden

Irrigator's Maximal
Exposure Time

Time Domestic Gardening
Time Commercial Ga?&cning
Time Indoors

Time Outdoors

Mass of Produce Consumed
Source of Produce
v.ntilationﬁratol

Soil Mass Ingested

Chromiur Concentration,
Produce

Chromium Concentration, Meat

Chromium Concentration, Milk
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In light of this analysis, the individual exposure scenarios
(behavior patterns) used in this model were designed to be
realistic, yet conservative enough to be protective of health in
a foreseeable situation. No one individual was considered to
engage in all available high-risk activities, since such behavior
by any given individual is highly unlikely.
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8.0 ECOLOGICAL RISK ASSESSMENT

8.1. INTRQDUCTION

Chromium is known to be toxic to a wide variety of organisms,
with Cr(VI) exhibiting the greatest biological activity,
particularly as an inhalation carcinogen. Tissue concentrations
of Cr(VI) elevated above background have been associated with
abnormal enzymatic activities, altered blood chemistry, lowered
resistance to pathogens, behavioral modifications, disrupted
feeding, histopathology, osmoregulatory upset, alterations in
population structure and species diversity indices, and
inhibition of photosynthesis (Eisler, 1986). In the present
case, elevated quantities of Cr(vI) and Cr(III) occur in the
local site environment. Therefore, it is appropriate to
determine the likelihood or probability for ecosystem toxicity.
The study was approached in the following fashion:

(1) Identification of toxicological criteria;

(2) Development of environmental exposure concentrations (EECs)
to which nonhuman receptors may be expésed; and

(3) Analysis of risk to those réceptora.

Information on the toxicity of chromium to the various
receptors of interest was first reviewed to identify appropriate
toxicological standards for comparison to estimated EECs. These
standards are laboratory-determined doses measured under

" conditions consistent with exposures that may occur at the site,

at which no observable biclogical toxicity was noted. This
approach is used vwhen thresholds are assumed for toxic response
or when detailed dose-response relationships have not been
detarmined. Some common thresholds include the Lowast Observable
Effect Level (LOEL), the No Observable Effect Level (NOEL), and
the No Observable Adverse Effect lLevel (NOAEL), which are favored
by EPA for use in ecological risk assessments. Thesa effect
levels are used to define a reference concentration (RfC) or dose
(R£D) below which no toxicity is assumed to occur. Differences
between RfCs and RfDs result from the toxicological data used to
establish them.
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The data used for nmicrobes and flora are based on
concentration (unit mass of a toxicant per unit mass or volume of
some environmental medium); whereas the data for fauna are
typically based on dosage (unit mass of toxicant per unit body
waeight per unit time). Thus RfC was calculated using, for
example, a NOEL which is based on concentration, while an RfD
relates to a threshold which is based on dosage. RIDs (or RICs)
are generally calculated by dividing a given effect level by
various safety factors (e.g., 10, 100, 1,000) to acecount for
uncertainties resulting from interspecies variation, or
short-term testing (less time than chronic exposure), for
example. The RfC or RfD therefore represents the safe upper
limit of exposure reflecting uncertainties for the receptors of
interest.

The second step was the development of an EEC for each
receptor. This raquired the definition of realistic scenarios
for exposure. The particular scenarios for each recaptor were
designed to generate levals considered conservative enough (i.e.,
worst-case) to provide a substantial safety margin.

The final step of the assassment was evaluation of risk. &As
described by Barnthouse et al. (1986) there are five possible
approaches to this analysis: the gquotient method or hazard index
[BI]; analysis of extrapolation error; fault-tree analysis;
analytic hierarchy method; and ecosystem uncertainty analysis.
The method applied in the present study was that suggested by the
Ecological Effects Branch of EPA, which is similar to the .
quotient or HI method (USEPA, 1986). This method compares the
EEC to the RfC or RfD by éatio, to test for possible adverse
effects, that is, HI = EEC/RfC (or RfD). According to Barnthouse
et al. (1986), if the ratioc or HI of the EEC to the RID was:

(1) HI < 0.1, then adverse effects are considered unlikely:;

(2) 0.1 < HI < 10, then adverse effects are considered possible:
or

(3) HI > 10, then adverse effects are considered probable.

H127250 PGE0021283

e 4

PG40098/768



[ =
| P

S O O @& e W

R G |
- S | —

Page 169 of 348

The EPA (USEPA 1986) applies somewhat different criteria to
determine chronic risk. This test is based on the following:

(1) If the Environmental Exposure Concentration (EEC) < chronic
NOEL (the HI <1.0), then there is the presumption of no risk:;

(2) For non-endangered species, if the EEC >'chronic NOEL (the HI
L2 1.0), including reproductive effects, then thcre is the
presumption of unacceptable risk; or

(3) For endangered species, if the EEC > chronic NOEL (the HI >
1.0), including reproductive effects or any adverse habitat
modification, then there is the presumption of unacceptable
risk.

For this analysis, both test criteria were evaluated. The
ZPA criteria wers used following standard practice. The criteria
suggested by Barnthouse et al. were included because they
represent a mors stringent test with an order of magnitude lower

limit for identifying possible risk.

This chapter addresses the potential for ' risk to non-human
receptors. The analysis begins by considering the effects of
chromium on the soil ecosystem. An important feature of remedial =
alternative 2 (accelerated agricultural treatment) involves the
use of the natural capacity of the soil to adsorb and reduce
Cr(vVI) to Cr(III). Since chromium can potentially impact
organisms that inhabit soil, the viability of the soil ecosysten
is of concern and was included in the assessment. The second
receptor which is analyzed is alfalfa, the single floral
indicator species identified in Section 4.2. The chapter
concludes with an analysis of risk to the various faunal
indicator species selected in Section 4.2, namely

(1) Mojave ground squirrel:;

(2) Califoria vole:

(3) Desert cottontail;

(4) Desert tortoise:;
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(S) Badger; and
(6) Dairy cow.

- -

8.2. SOILS

The assessment of risk to soil microflora and infauna is
presented in three sections: criteria, estimation of exposure
concentrations, and analysis of risk and associated conclusions.

8.2.1. CRITERIA

Toxic reactions of microorganisms to chromium are highly
varied. EPA (USEPA 1978), in a review of the limited available
literature, found that microbas (algae, fungi, protozoa, and
bacteria) from agquatic and soil environments varied in their
toxic reactions. The review concluded that a concentration of
between 0.05 and 5 mg, ' or mg/kg represented a reasonable toxic
threshold for microorganisms (no differentiation was made between
ionic species or environmental compartment). This threshold
seems conservative for most soils, since the average chromium
concentration ranges from 5 to 300 mg/kg for nonserpentine,
vegetated soils worldwide (Table 3-1). In fact, this threshold
probably reflects the more sensitive agquatic environment and
species, such as algae. Moreover, background concentrations of
Cr(T) in the study area range from 13.6 mg/kg for site soils to
7.45 mg/kg for alfalfa field soils, and these soils are fertile
and readily support agriculture (Appendix A4, Demographics
Report). No Cr(VI) was detected in these sanmples.

A more resascnable threshold value may be the lowest available
IG, for bacteria (Staphlococcus aureus) exposed to Cr(VI) of 76
PPR (Eye, 1974). This value is also lower than toxic levals
reported for protozoans and fungi (USEPA, 1978). However, the
toxicity of chromium to bacterial isolates in soil has been more
recently studied in culture with various salt supplements. A
solution concentration of 10 - 12 mg/l of Cr(VI) has been found
to inhibit growth in many soil isolates, while Cr(III) shows no

8 - 4
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toxicity at these levels (Ross, Sjogren & Bartlett, 1981). Gram
negative (G-) staining bacteria are apparently more sensitive
than positive (G+) staining ones, most likely because the thick
cell wall of G+ species interferes with metal ion transport.

Toxicity data for terraestrial invertebrates are also limited.
Two studies have shown that Cr(VI) concentrations of 10 to 15
ng/l in irrigation vater was lethal to two species of earthworms
within 58 to 60 days (Soni and Abbasi, 1981; Abbasi and Seni,
1983). Beetles and crickets collected near cooling towers
charged with chromium~tainted water contained 9 to 37 mg/kg Cr(T)
in the gut contents versus 0.5 to 0.8 mg/kg for controls (Taylor,
1980). High accumulations of chromium have been recorded among
organisms from the lower trophic levels, but there is little
avidence of biomagnification through the food chain (Eisler,
1986) .

It is interesting to contrast the values discussed above with
the EPA (USEPA 1980) loading limit for chromium in soil. The
suggested level is 1, 000 mq/kg for hazardous wasts land treatment
units, and assumes all chromium is converted to Cr(III). This
value was based on a National Academy of Sciences study conducted
in 1972, which assumed an irrigation water quality of 20 ppm
Cr(T). It appears that this loading limit was probably based on
physical soil .loading capacity and not toxicological endpoints,
and thus would not be an appropriate criterion for this
assessnent.

From the foregoing review, the selected RfC for effects used
in the following evaluation of risk is based on the NOEL of 10
Bg/l. This threshold is considered not to be species-specitic.

8.2.2 EXPOSURE

Appreach

The toxicological data discussed above are based on tests
conducted with readily available or soluble forms of chromium.
In soil, most chromium is adsorbed to soil particles or organic
matter, or precipitated as an insoluble complex, and is,
therefore, unavailable to various soil microflora and fauna.

8 -5
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Thus it would be inappropriate to compare actual soil
concentrations to the selected toxicological threshold.
Biocavailable soil concentrations were estimated from waste

extraction test (WET) data described in the Site Characterization
Report.

Eastimated Exposure Concentration The estimated exposure
concentration (EEC) was determined in the following mannar. The
following average soil concentration data, derived from either
Chapters 3.0 or 6.0, were used:
(1) Site soils Cr(T) = 277 mg/kg.
(2) Site soils Cr(VI) concentration = 0.16 mg/kg.
(3) Alfalfa field soils Cr(T):
Present lavel = 33 mg/kg:
Alternative 1 = 37.4 mg/kg (highest level in 20 years):;
Alternative 2 = 35.9 mg/kg (highest level in 20 years); and
Alternative 3 = not applicable.
(4¢) Residential soils Cr(7T):
Alternative 1 = 70.2 mg/ky (highest level in 20 years):
Alternative 2 - 48.3 mg/kg (highest level in 20 years); and
Alternative 3 = 35.0 mg/kg (highest level in 20 years).
The WET data for site soils demonstrated an average extractable
fraction of 0.75% for Cr(T) and 1.6% for Cr(VI) (Site
Characterization Report). Therefore, the EECs for the various

soils and test scenarios vere calculataed as:

EEC (in mg/l) = soil chromium concentration(in mg/kg) x
0.0075 (for Cr(T)) or 0.016 (for Cr(vli))
(in (mg/1)/(ng/kg)),
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and detaearmined to be: )

Site soils
cr(T) = 2 mg/l; _
Cr(VI) = 0.002 mg/1;

Alfalfa field soils Cr(T): :
Presant = 0.25 mg/1, _'
Alternatives 1 and 3 = 0.28 nmg/1,
Alt.rnative 2 - 0.27 mg/l; and N

Residential ucill Cr(T)

- Alternative 1 = 0.53 mg/l,
utornative 2 © = 0,36 nq/l: and -
ntnmtive = 0. zv ng/l. j
'8.2.3. RISK zs'rm'r:ou T s " -
> e e = eedID .z, F -
Risk e . ' - - )
Lo e Le. mte £ SRTUSTE L Lnaloc ol e LT .. *
Bazard Indices (HIs) were calculated for soil microflora or -
infauna; results are summarized below: _
si_n soils )
.= R Y R Segalit Jod X T e R A E
iep(?) —< - 2 iaé 0.27 -7 =
TSR SN 13T S-S SH el - =
Cr(VI)-~=- -= 0, 0001) ' B
S Ss .. SmSTmanIn o Thona =z R Y- -
T utalta tic].d ‘80ils=Cr(T): : - =
RS | - e D e OW T2, T - . A T - R S z
-Pr.l.nt- = 0,028, - :

Alternative 1 = 0.028,
8 - 7 -
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Alternative 2 = 0.027; and
Alternative 3 = 0.028.
Residential soils Cr(T):
Alternative 1 = 0.053,
Alternative 2 = 0.036; and

Alternative 3 = 0.027.

In all cases, the HIs are below one and therefore meet the EPA
criteria. However, site soils do contain elevated levels of
Cr(T), which may have an ecological impact on microflora but not
infauna, according to the criteria of Barnthouse, et al. (1986).

The estimation of risk through the HI is sensitive to the
nmodeled exposure concentration, which was derived from soil

concentration data and WET analyses. It was assumed that the WET

data reflected the extractable portion of chromium from the soil,
which is bicavailable. The test involves the extraction of
chroniun from soil samples with water containing citric acid at a
PH of 5.0. The extract is considered to represent that fraction
of the Cr(T) in the sample that is bicavailable. It is unlikely
that it underestimates the amount. In any case, the EEC and the
HI would not change -ubstantially without a +/— 100 § change in
the WET data.

Sonclusion

No significant toxicities are expected based on these
results; therefors, no ecological risk is anticipated. However,
in one case (i.e., site soil), the bioavailable soil
concentration presents a possibility of an ecological impact to
soil microorganisms based on the most stringent criteria. There
is no evidence to suggest that the implementation of any of the
three groundwater remedial alternatives would result in adverse
impacts to agricultural or residential soils.
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8.3. TFLORA

The assessment of risk to floral species focused on alfalfa,
because of its economic importance, although other species are
potentially exposed to both Cr(III) and/or Cr(VI) on-site, in
nearby agricultural fields, and in residential gardens. This
assessment first reviews the pertinent literature addressing
chromium toxicity to plants, then presents exposure scenarios for
the present conditions in irrigated fields, as well as for the
remedial alternatives. Finally, the risk potential is analyzed.

8.3.1. CRITERIA

Introduction .- - - .

Literature on chromium impacts exists for a limited number of
floral species; comprehensive toxicological criteria are lacking.
The majority of research concentrates on absorption rates and
capacities, soil interactions, and resulting plant tissue’
concentrations. Few data are available regarding chromium’
concentrations which actually affect plants. In any case, the
dose-response data which are available must be interpreted
carefully due to variations in researth methods and in the type
of chremium compound used in any particular study. Consistent
studies wers not found. ’ : K - S

The primary form of chromium in vegetation is trivalent.
Chromium forms polyfunctional anionic complexes in higher plants,
including alfalfa, vheatgrass, beans, and vheat (Starich and
Blincoe, 1982). Hexavalent chromium absorbed by the plant will
be readily converted to the trivalent form. The typlcal chromium
levels in most vegetation are extremely low. TFishbein (1984)
deteriined mean concentrations of chromium in vegetables’ (20-50
ug/kg) , fruits (20 ug/kg), and grains and ceréals (40 ug/xg).

Chromium (VI) is more soluble than Cr(III), theoretically
allowing it to be absorbed and translocated within plants more
readily (but see Section 6.5.1). It is also known that Cr(vli) is
more toxic to plants than Cr(III). Due to the complexity of the
variables influencing chremium toxicity to vegetation, there are
fev consistent criteria available against which to gauge toxic
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effects. The following information was derived from the
literature. The data are typically presented according to
effects or to organ-specific accumulation. Clearly, chromium
uptake and effects vary from species to species (Bee Section
6.5.1; Sheppard, Sheppard, and Thibault, 1984).

Roots

Dijkshoorn, van Broekhoven and Lampe (1979) researched
plaintain, clover, and ryegrass and determined that chromium
remained in the root and did not translocate to aerial portions.
This suggested that animals eating the tops of plants may not
ingest as much chromium as they would if they ingested the root
portion. Chromium was found to have a shoot:root partition ratio
of 0.004 in bush bean, a value lower than for other heavy metals
(Wallace, Alexander and Chaudrey, 1577). In all cases, howvever,
chromium vas absorbed proportionately as the metal's soll
concentration increased. It is frequently reported that only a
fraction of chromium in scil is biocavailable for uptake.

Research data suggest that uptake is increased in acidic soils
(Dijkshoorn, van Broekhoven and lamps, 1979). Plant yield was
not affectad by the depth of placement of chromium in the soll
(Sheppard, Sheppard and Thibault 1984). Finally, the portions of
Cr(VI) and Cr(III) translocated throughcut a plant are
essentially the same (Dijkshoorn, van Broekhoven and Lanpe 1979).

Leaft

Due to the lack of translocation from the root, little
chromium is typically found in the leaves in plants like the bush
bean. The ratio of chromium versus other metals in leaves was
proportionately lower (Wallace, Alexander and Chaudrey 1977).
Dijkshoorn, van Broekhoven and Lampe (1979) reported that as
chromium translocates to the top of plants, the plants become
more sensitive to increased environmental concentrations of
chromium.

. .. ) '. - ‘

Bheppard, Sheppard and Thibault (1983) reported relatively
. high tissue levels in alfalfa and chard. Soil concentrations of

8 - 10
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20 and 50 mg/kg resulted in tissue concentrations of 2.6 and 6.8
ng/kg in a loam soil, and 18.0 and 57.0 mg/kg in a sandy soil.
These values represent an average for chard and alfalfa.

Shoot

Chromium concentrations in shoots of chard and alfalfa
increased proportionately with the metal's concentration in soil,
over elght orders of magnitude.

General Plant Data = = _ . . -

Chromium is more toxic than zinc, nickel, cadmium, copper,
and lead: however, uptake is slower than with these other metals.
On balance, chromium tends to have less impact on plants than
other metals. ’

Toxic Effects

Phytotoxic levels are poorly defined; nevertheless, partinent
dose-response data are presented in Table 8-1. A soil treatment
concentration of 50 mg/kg resulted in a tissue burden of 57 mg/kg
in alfalfa and chard, producing no adverse effects (Sheppard,
Sheppard and Thibault 1984). Toxic effects vere obssrved in
oats, corn, and cabbage at 16.0, 10.0, and 10.0 mg/kg,
respectively (National Research Council, 1974 and Dijkshoorm, van
Broekhoven and Lampe, 1979), indicating that these species are
more sensitive than alfalfa and chard. It has been suggested by
Sheppard, Sheppard and Thibault (1984) that a NOEL for chromium
in soil for alfalfa and swiss chard is 50 mg/kg. The metal has
been reported to be toxic to plants at 100 mrg/kg when added to
soil (Wallace et al., 1976). These data suggest a range of 50 to
100 mrg/kg in soil as a safe level, for at least alfalfa and
chard. In"contrast, EPA (USEPA 1980) has made a suggestion for
what is essentially a NOEL for plants of 10 mg/kg. It is based
on toxicity data for various species, and to be conservative is
based upon the minimal NOEL of any species. A 10 mg/kg NOEL is
surprisingly low since many vegetated soils around the world have
natural chromium concentrations above this laevel.
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Table 8-1

CHROMIUM RESPONSE DATA FOR FLORA

Plant Chromium Dosge Response Cr(T) Reference
location (mg/kg)

Alfalfa Tissue 57.0 Non-toxic cr? Sheppard et .
Swiss Chard al., 1984
Alfalfa seil 50.0  Non-toxic cr? Sheppard et -
Swiss Chard - al., 1984 i
Buckwheat Soil 5.3 None CrCl, & Cary et al.,
: KCro, 1977
Swiss Chard BSoil 57.0 None cr*? Sheppard et
al., 1984
Plaintain Boil 10.0 Growth Cr Dijkshoorn
Clover Inhibited et al., 1979 i
Ryegrass ¥
Cabbage soll 10.0 Yiaeld cr Dijkshoorn
Decreased et al., 1979 )
Bush Bean Soil 100.0 Yield cr, Wallace et
Decreased (60,), al., 197¢ -
soil 50.0 Yield cr, Wallace et |
Increased (s0,), al., 1976
Oats Soil 16.0 Growth Chromate NRC, 1974
Corn S8oil 10.0 "Toxic" Chromate NRC, 1974
Barley Soil 50.0 “Standard Cr(VI) EPA, 1983
Growth"

Source: ZEHA, 1988

8 - 12

ﬁ850021293 =
H12727o

PG40098778



I G S En &

S O S B Gy oo oOonm s e

SR —

Page 179 of 348

- e

It must be remembered that symptoms of chromium
phytotoxicity at the low concentrations cited above include
chlorosis ("yellowing”) and stunting, as cited by EPA (USEPA
1980). These effects may 'lead to reduced plant growth, and in an
agronomic context, possibly reduced crop yield, but will not
necessarily cause death or substantially decrease the plant
community or habitat. Therefore, while individual plant health
may be somewhat impaired by an elevated chromium concentration in
soil, the overall ecological impact would be slight, perhaps
insignificant.

Based on the foregoing discussion it was concluded that an
REC of 50 mg/kg (Cr(III)) be applied to alfalfa. However, with
regard to other species, in particular thoss commonly found in
gardens, a more stringent RfC of 10 mg/kg was applied to be
conservative.

8.3.2. EXPOSURE

Appreoach . —

An exposure model was not required to generate EECs, as
observed field soil concentrations (Table 3-4) and predicted
future levels (Tables 6-6 and 6-7) provided the necessary data.

Estinmated Exposure Concentrations

The EECs (for Cr(III)) which were used in this analysis are
suxmarized below: B :

(1) Background Soils ' 7 ng/kg

(2) Agricultural Field séi;-

Present 33.0 mg/kg
Alternative 1 (predicted 20 year high) 37.4 mg/kg
Alternative 2 (predicted 20 year high) 35.9 ng/kg
Alternative 3 (predicted 20 year high) 37.4 ng/kg
7271
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(3) Residential Garden Scoils
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Present 33.0 mg/kg -
Alternative 1 (predicted 20 year high) 70.2 mg/kg z
Alternative 2 (predicted 20 year high) 48.3 mg/kg .
Alternative 3 (predicted 20 year high) 35.0 mg/kg

8.3.3. RISK ESTIMATION

Risk

HIs for plants were calculated and the findings are

presentad below:

(1) Background Soils 0.14 (based on RfC of 50 mg/kg)

0.70 (based on RfC of 10 mg/kg)

(2) Agricultural Field Soils (based on RfC of 50 mg/kg)

Present 0.66
Altarnative 1}_ 0.75 i
Alternative 2 0.72
Alternative 3 not applicable -

(3) Residential Garden Soils (based on RfC of 10 mg/kg)

Present
Alternative 1
Alternative 2

Alternative 23

3.3

7.0 -

- -

- 3.5 . _

- - ) 7 H127272 .
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"Accor&inq'to these calculations and the EPA criteria, there
is no presumption of risk to individual alfalfa plants in either
background soils or agricultural field soils irrigated with
contaminated groundwater. However, there is a presumption of
risk in the case of the garden soils according to EPA criteria.
On the basis of the criteria of Barnthouse, et al., there is a
possibility of risk for all scenarios, including background.
Field observations by an E & E plant pathologist revealed no
apparent toxicological effects in any field crop. No similar
observations, or chromium concentration data, were collected for
residential gardens. These findings reflect potential risk to
individual plants rather than to a community (i.e., alfalfa
field) as discussed previously. Desert and creop land will
function without an impact to the community as a whole, while
there may be some impact to individual plants. This impact, if
it occurs, would be expressed as reduced growth rate, and leat
discoloration. Furthermore, it is highly unlikely that such an
impact would have any economic effects regarding a crop.
However, such may not be the case with a garden, since gardens
are ecosystems designed for individual or few plants. Therefore,
any toxicological impact in affected gardens may be readily
cbserved and thus considered adverse. However, under Alternative
3 (Domestic Water Replacement) chromium addition to residential
soil ceases resulting in no increased risk above currant levels.

conclusions

Risk calculations for floral species indicate that no
adverse impact on agricultural plants such as alfalfa is likely.
More importantly, a presumption of risk exists for plant
varieties likely to be raised in a garden under Alternatives 1
and 2. While the data suggest significant toxicity for garden
species, any conclusions must be considered tentative because of
the uncertainty of the literature-based standards. No risks
above current levels will result under remedial Alternative 3.

8.4. FAUNA

The risk assessment to faunal species follows the same
approach of: definition of toxicological criteria, exposure
concentration estimation, and, finally, analysis of risk.

"8 = 15
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8.4.1. CRITERIA

4 - Tae L L

Introduction —_

Once ingested by an animal, hexavalent chromium is expected
to be readily converted to the trivalent form. There is no
evidence of the reverse conversion in vitro or in vive, i.e.,
oxidation of trivalent to hexavalent chromium (ATSDR, 1987).
Chromium concentrations appear to decrease with higher trophic
lavals; i.e., chromium is not concentrated appreciably as it
moves up the food chain (EPA, 1984). Lack of absorption of
chromium is probably the reason that the more advanced animals
contain lesser amounts of chromium (EPA, 1984). Mean
concentrations of chromium in meas and fist is estimated to be
0.1l to 0.23 ppm (ATSDR, 1587).

Bioconcentration factors for Cr(VI) in the edible portion of
most aquatic animals is less than 1.0. The exception is that
bivalve molluscs such as clams, oysters, scallops and mussels
have a bioconcentration factor 125 to 192. Bioconcentration
values for Cr(III) in bivalve molluscs are similar, 86 to 116
(USEBPA, 1984). Estimates of bioconcentration factors for meat
animals were not available, but would be expected to be similar
to that of fish, i.e. around 1.0. Exceptions are the liver and

kidneys of animals fed diets high in chromium, which may have
higher concentrations.

The following studies indicate that chromium is not secreted
in large quantities or concentrated significantly in milk. The
valence state of chromium in milk is III. Van Bruwaene et.al.
(1984) studied the secretion into milk of orally administered
Cr(VI) in lactating dairy cows and found only about 0.0035% of an
oral chromiun dose in the milk. - About 3.6% of an intravenously
administered dose was secreted in the milk. Mean concentrations
of chromium in dairy products in the U.5. are estimated to be
around 0.1 ppm. Kumpulainen et al. (1980) did not find a
correlation between chromium in the diet and in the milk of
lactating human mothers, however, their diet was low in total
chromium. These data agrae with those reported in Table 3-9
showing no increase of chromium levels in either meat or milk.

-8 = 16
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Effects

The majority of research reported in the literature pertains
to rats, mice, and rabbits. The primary effect to animals from
ingested chromium is acute renal tubular necrosis, whereas the
most important chronic effect is cancer of the respiratory
system. Hexavalent chromium is corrosive, causing chronic
ulceration and perforation of the nasal septunm and other skin
surfaces (Goyer, 1986). Toxicity is primarily attributed to
Cr(VI), vwhich has been shown to induce liver and kidney damage,
internal hemorrhage, dermatitis, and respiratory problems
(Langard and Norseth, 1979; USEPA, 1978). Inconsistent test
methods and variation in the type of chromium compound used make
it aifficult to determine toxic doses for the animals tested,
much less for other .fauna.

Table 8-2 presents dose-response data for several test
species. Toxic exposure levels can be estimated based on these
data. MacKenzie et al. (1958) reported the effects of drinking
water containing chromium on rats, indicating that doses below
0.4 nmg/kg-day caused no systemic effects or organ damage.

Between 0.4 and 0.8 mg/kg-day, indications of spleen damage
occurred after one year of exposure. Approximately 0.6 mg/kg-
day, tharefore, might be considerad to be a minimum NOEL. Gross
and Heller (1946) reported maximal nontoxic levels of 83.8 ng/kg=
day for potassium chromate, a dose far greatsr than that reported
by MacKenzie. PFrom these data, a NOEL range of 0.6 to 83.3
mg/kg-day is thus established for chromate (Cr[VI]). Lehmann
(1914) reported a NOEL for dogs, cats, and rabbits of 1.5 to 5.5
nmg/kg-day, which falls within the previous range. Data based on
potassiun salts are more appropriate since they are more soluble
and, therefore, more biocavailable than zinc salts. Therefore, to
be conservative, the lowest Cr(VI) dose was accepted as the RfD
for small mammals (Mojave ground squirrel, California Vole,
Desert Cottontail) for this assessment (i.e., 0.6 mg/kg-day).

Cr(VI) toxicological data are unavailable for the badger and
dairy cowv. While mammals, these species are potentially
different toxicologically when compared to small mammals, for
vhich data exist. Therefore, the small mammal RfD of 0.6 mg/kg
wvas adjusted with a safety factor of 10 to provide an RfD of 0.06

mg/kg=-day.

8 - 17
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Species cr
Source Concentration'
Dog, Chromate 1.9=5.5 mg/kg-
Rabbit Dichromate day
Rabbit  K,Cro, 500 ppm
2nCro, 10,000 ppm
Rat K,Cxro, 500 ng/l-water
83.8 mg/kg-day
Rat & ZnCro, 10,000 mg/kg-
Mouse, feed
mature 500 mg/kg-day
Rat, Zncro, 1200 mg-kg-feed
young 62.5 ng/kg=-day
Rat, K,Cro, 1200 mg/kg-feed
young :
Rat, ? 125 ppm
young _
Rat Chromate  0-5 ng/lﬁaatar
0.4 mg/kg=-day
L §)
2 observed organs:
Source: EHA, 1988

Table 8-2
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ORAL CHROMIUM EXPOSURES TO FAUNA

Average Dose or Duration Effects

29-685
day

90 day

60 day

56 day

69 day

Daily

V]

365 day

Non-harmful
Fatal
Digestion

unatfected

Lowvared
digestion

Max. Non-
toxic leval

Hu. Non-
toxic lavel
Max. Non-
toxic level

Max. Non-
toxic level

Sterility

No aeffects
after 1

References
Lehnmann,
1914

Sullivan,
1969

Gross et
al., 1946

Gross et
al., 1946

Gross et
al., 1946

Gross et
al., 1946
Gross et

al., 1946

Gross et
al., 1946

Gross et
al., 1946

Mackensie,
1958

The data ware presented in units such as ppm. Conversions
vere made using data supplied with the referances.

liver, kidney, spleen, femur tissues.

H127276
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A Cr(VI) RfD for the tortoise was not available. Ingtead it
was derived from mammalian data by correcting for uncertainty
between the toxicological reactions of mammals and reptiles using
a safety factor of 50 (a factor of 10 for interspecies variation
and a factor of 5 for extrapolation to reptiles). This
uncertainty may be expressed, for example, by the fact that
reptile metabolism is somewhat slower than mammalian,
particularly in the case of the tortoise, since it "hibernates"
from about November to March (Ernst and Barbour, 1972; Maclaine
1988) . Therefore, chromium may build up in the tortoise and thus
lead to an increased body burden. It is standard EPA practice to
include safety factors when comparing animal data across phyletic
lines. Therefore, the RfD used for the tortoise was 0.012 ng/kg-
day.

The Cr(III) RfD was based on the maximum tolerable dietary
level for all animals, cited by the Veterinary Toxicological
Information Service, of 1,000 mg/kg food (crcl,), inclusivs of
water and feed. The RfDs for each animal species were calculated
and are presanted in Table 8-3.

8.4.2. EXPOSURE

Approach

Exposures to Cr(VI) and (III) by ingestion of contaminated
water or feed were modeled. Other exposure scenarios are not
addressed by EPA when conducting ecological risk assessments, due
to a substantial paucity of toxicity data for other routes of
exposure (USEPA, 1986). This was true in the present case, as
discovered during the literaturs review.

Intake of chromium may occur from the ingestion of water
from contaminated agricultural wells, vegetation with elevated
chromiur levels, and/or contaminated soil. Exposure to Cr(III)
will occur only by ingestion of vegetation or soils. Badgers
were assumed not to be ekposed to elevated Cr(III) levels through
their food, since chromium does not biomagnify through the food
chaig. Therefore, a dosage was not estimated for this indicator
species. Exposure to Cr(VI) will cccur only through ingestion of
water. It was assumed that all ingested water and food consisted

8 - 19
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Table 8-3

CALCULATED REFERENCE DOSES FOR CR(III) FOR SELECTED FAUNAL RECEPTORS z

I N - T e o |

—

==

=
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=
——

- Total

Animal Body Weight® Dietary Intake® RED®

(kg) (kg/kg-day) (mg/kg-day) .
Mojave
Ground 0.16 0.096 96 i
sSquirrel -
california 0.071 0.198 198 )
Vole ?
Desert 7.2 0.0067 67
Tortoise =
Desert =
Cottontail 1.0 0.15 150
Rabbit
Badger 8.6 0.047 47 :
Dairy Cow 1,200 0.125 125 -

a) Median body weights

lI'lHl 1

b) Includes wntir and food intake (see Tables 8-4 and 8-5); food

intake for badger was taken as 0.014 kg/kg-day (Harlow, 1981).

c) Maximum tolerable dietary level = 1,000 mg/kg (see text).

RfD (in mg/kg-day) = 1,000 mg/kg X

kg/kg-day) .

H127278

Source: Ecology and Environment, Inc., 1988.
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of materials contaminated at the cited levels. This approach was
used to insure a worst-case exposure. Also, it was assumed that
the exposed animals spend 100% of their time in the area of -
contamination, again to insure a worst-case exposure. Food and

water intake data were derived from laboratory or caged animal

studies axcept for the badger and desert tortoise. Intake data

for animals in the wild are not generally available, according to

three sources contacted (Bleich, 1988; MacLaine, 1988; Douglas,

1988). Animals in the wild, and particularly desert fauna, drink

and eat much less than laboratory animals. Therefore, these data

will cause chromium dosage to be overestimated leading to health
Protective conclusions. Literature data for the badger and -
desert tortoise are cited in Tables 8-4 and 8-5, -

Estinated Exposure Doses -

EEDs for each chromium species by animal are presented in
Tables 8-4 and g8-5,

8.4.3. RISK ESTIMATION

" Riak

Following standard EPA protocol for the calculation of HIs,
values for each species wers derived and are presented in Table
8-6. The EPA presumes no chronic toxicity risk to animals if the
EEC is less than the RfD. The badger and dairy cow may be -
adversely impacted by present conditions, according to the
criteria of Barnthouse et al., but not by EPA criteria. In both -
cases, particulary the tortoisc, the exposures verse greatly
ovirestinated, roprelnnting a wvorst case scenario. The tortoise
and small marmals are at no risk according to this analysis. The
biemonitoring data for dairy cows (Section 6.5.2) supports this
finding, as it duponstrat.d no measurable increase in body -
(tissue) burden in maximally exposed individuals. Therefore, it
is unlikely that the Barnthouse et al. criteria are valid for
this case.

The uncertainty of the HIs is primarily related to the
exposure model, its assusiptions, and the level of contamination
parameter. The latter is most important since it influences all

8 - 21
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Table 8-4
CALCULATION OF ESTIMATED CR(VI) EXPéSURB FOR SELECTED FAUNAL RECEPTORS

Animal Remedial Cr(Vi) Concentration' Water Intake® Dose‘
Alternatives in water (mg/1) (1/kg-day) (mg/kg-day)

Mojave Present 0.285 0.064 0.018
Ground 1,3 0.17 0.064 0.011
Squirral 2 0.096 0.064 0.0061
california Present ' 0.285 0.018 0.051
Vole 1,3 0.17 0.018 0.031

2 0.096 0.018 0.017
Daseart Presant 0.285 0.0022 0.00063
Tortoise 1,3 0.17 0.0022 0.00037

2 ] 0.15 0.0022 0.00021
Desert Presant 0.285 0.1 0.028
Cottontail 1,3 0.17 0.1 0.017

2 0.15 0.1 0.0096
Badger Present 0.285 0.033 0.0094

1,3 0.17 0.033 0.00856

a . 0.15 0.033 0.0032
Dairy Cow Present 0.20 0.083 0.017

1,3 0.04 : 0.083 0.033

a 0.03 : 0.083 0.025

a) Cr(vI) conceantration derived from Table 6~-2, wall GW 35~1l1
concentrations averaged over 20 years unless otherwise stated. Present
case value based on samples WF00l and 002. Concentration for dairy cow
based on well GW 35-10, (Table 6-1), which feeds dairy, averaged over 20
years. . .

b) Intake values derived from laboratory animal data: squirrel value was
based on rat data; vole value on mouse: rabbit and cow on their respective
values found in the literaturs. Extrapolations were made by linearly
scaling the data according to the ratio of body weights (median for rats =
250g, for mice: 60g). Uptake values for rat = 0.10 l/kg/day; for mice:
0.15 1/kg/day. Value for badger from Harlow (198l1). Value for tortoise
based on chservations of Nagy and Medica (1986). .

c) Dose calculation -
Oral dose from water = (Cr(VI) concentration x water intake

Source: Ecology and Environment, Inc., 1988.

8 - 22 PGE021303
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Table 8-5
CALCULATION OF ESTIMATED CR(III) EXPOSURE FOR SELECTED FAUNAL RECEPTORS

Animal Remedial Cr(III) Concentration Food Intake® Dose®
Alternatives (mg/kg) (kg/kg-day)  (mg/kg-day)
vegetation soil
Mojave Present 5 33 0.032 0.21
Ground 1,3 5 37 0.032 0.21
Squirrel 2 .. 5 ) 36 0.032 0.21
California Present 1 33 0.18 1.2
Vole 1,3 5 37 0.18 1.2
2 L] 36 0.18 1.2
Desert Present 5 33 0.045 0.030
Tortoise 1,3 5 37 0.045 0.031
2 5 36 0.045 0.031
Desert Present 5 NI 0.05 0.25
Cottontail 1,3 5 NI 0.05 0.25
2 5 NI 0.05 0.25
Dairy Cow Present S NI 0.042 0.21
1,3 L NI 0.042 0.21
2 5 NI 0.042 0.21

NI: No intakae.

* Intake values derived from laboratory animal data: squirrel value was based
on rat data; vole value on mouse:; rabbit and cow on their respective values
found in the literature. Extrapolations were made by linearly scaling the data
according to the ratio of body weights (median for rats = 250g, for mice: 60g).
Uptake values for rat = 0.05 kg/kg-day; for mice= 0.15 kg/kg-day. Value for
tortoise based on observations of Nagy and Medica (1986).

® Dose calculation - total dose vas the sum of the following two doses:
Oral dose from vegetation = chromium(III) concentration x food intake.
Oral dose from s0il = ehruniun(IIIg concentration x food intake x
fraction soil associated with food® x fraction of biocavailable cr°

®) Praction soil associated with food = 0.05, (according to Dr. G. Batzli,
University of Illinois).

9 praction of bioavailable chromium in soil = 1.0, assumed conservative
value.

Source: Ecology and Environment, Inc., i98s.
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Animal

Mojave
Ground
Squirrel

California
Vole

Deseart
Tortoise
Desert
Cottontail
Rabbit
Badger

Dairy Cow

Table 8-6
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HAZARD INDICES FOR SELECTED FAUNAL RECEPTORS

Chromium

Species

111

III

III

IIl

III

III

Present

Conditions

0.0002
0.03

0.0061
0.08
0.004
0.052
0.0017
0.047

0.00
0.16

0.0017
0.28

Hazard Index

Remedial Alternatives _

1,2

0.0002
0.02

0.0061
0.051
0.005
0.03

0.0017
0.028

0.00
0.093

0.0017
0.055

Source: Ecology and Environment, Inc., 1988.

8 - 24
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0.0002
0.01 =

0.0061 -
0.0028

0.005
0.018

0.0017
0.016

0.00
0.053

0.0017
0.42
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calculations and its effect is linear. The model assumptions,
designad for a reasonable worst-case scenario, were that: all
food and wvater consumed are contaminated; the time spent in a
contaminated area is 100%; and the intake (food and water) of
animals at the site vicinity is equivalent to that of laboratory
or captive animals. All of these numbers could be decreased,
thereby lowering the HI, but none could be justifiably increased.
A decrease in any of these values would be transmittad linearly
through the calculations, resulting in a concomitant decrease in
the HI. Estimations of exposure for wild species to Cr(VI) are
based upon the assumption that free water is available. This is
unlikely on site or at local irrigated fields considering: the
hot, dry climate; porous surface soils; and the method of
irrigation (sprinkier). During extensive E & E field operations
in the site vicinity, no standing water was observed. 1In fact,
during well pump tests, water released to localized areas over
l1imited time spans resulted in no obsarved pooling. Therefore,
the potential for exposure to contaminated groundwater is remotes.

conclusions

of the six indicator species analyzed, none vers determined
to be at risk of exposurs. The possiblity of pooling or rivulets
of water forming on irrigated land is remots, and exposurs to
such water would be for a limited tine regardless of the remedial
alternative. FPinally, risk to these animals, particularly the
tortoise, from cars is probably of greater significance than from
limited exposure to chromium. Therefore, ecological risk to
fauna is concluded to be unlikely.

H’27283
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9.0 SUMMARY AND CONCLUSIONS

o

The assessment reported here evaluates potential risks
associated with three alternatives being considered for
remediation of groundwater contamination identified near the
Hinkley Compressor Station:

© Alternative 1 - Current Irrigation Practice.
This alternative involves ongoing agricultural irrigation
with contaminated groundwater, combined with supply ot
bottled water to local residents for drinking and cooking -

purposes.

[ S

° Alternative 2 - Accelerated Agricultural Treatment.
Additional wells would be added within the plume to
accelerate chromium removal, and to manage withdrawal and
application of contaminated groundwater. Bottled
drinking and cooking water would also be supplied as part

of this alternative.

o Alternative 3 - Domestic Water Replacement.
This alternative is an extension of Altermative 1, with
the addition of new residential water supplies for each
of the dwellings within the plume boundary. This
alternative would remove all domestic use of water
including showering, dish washing and garden irrigation,
which are not addressed by bottled water supply alone.

The risk assessment approach employed to evaluate thase -
groundwater remediation altearnatives is health-conservative, and
is believed to over-estimate the true risk significantly. For
example, the analysis employed the most conservative results from
the shower experiment, exposed the farmer to residential
groundwater Cr(VI) levels from a neighboring residence with
maximum concentrations, and used a cancer potency slope designed
to be health conservative. The analysis evaluates possibly
significant environmental pathways from the groundwater to human :
and ecological receptors through water, air, soil and the
foodchain; it addresses inhalation, oral ingestion and dermal
absorption exposure routes for all potential receptors.

9 -1
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9.1 GROUNDWATER PROTECTION

Invastigation of the original source of hexavalent chromium
groundwater contamination leads to the conclusion that chromium
is no longer entering the groundwater. Based upon the results of
physical and chemical tests, hexavalent chromium is no longer of
concern in soils, and trivalent chromium which is present will
not be transported to groundwater. In the near term, proposed
extraction of groundwater with subsequent irrigation treatment
will reduce the groundwater concentrations of hexavalent (and
total) chromium to zero, or to concentrations below the
state/federal drinking water standard. Groundwater in the
vicinity of the Hinkley Compressor station is therefore no longer
being contaminated, and will be restored to acceptable conditions
under the contemplated remedial alternativas.

.2 HEALTH RISES

Health risks which might result from domestic and other use
of local groundwater during remediation have been estimated for
the three groundwater remedial alternatives introduced above.
Both cancer and noncancer effects have been evaluated. Noncancer
health effects are axtremely unlikely under all three groundwater
remediation alternatives. The estizated cancer risks for the

three remedial alternatives are shown in Tabla 9-1. The table
ghows cancer risks corresponding to two different hexavalent
chromium cancer potencies: 42 (mg/kg-day) ™' and 91 (mg/kg-day) .
The lower potency is that exmployed by the U.S. Environmental
Protection Agency in its regulatory decision making regarding
remedial actions. The higher potency value of 91 (mg/kg-day) "'
is a health-conservative estimate, based upon all the known
uncertainty factors in the epidemiological data from which these
chromium potencies have been derived. It is the 95% upper
confidence limit for a value lying in the potency range
promulgated by the California Department of Health Services.
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Risk management decisions and designs of remedial strategy

historically have been made by requlatory agencies based upon
three criteria:

© the additional risk to the maximally exposed individual:

© the expected additional cancer burden in the exposed
population; and

o0 the cost of increased remediation.

Federal regulatory agencies have required remedial action only
when cancer risk to the maximally exposed individual exceeds 10-
to 1l00-in-a-million and when the expected number of cancers in
the exposed population exceeds one (Crouch, et al., 1987).
California regulatory agencies require remedial action when the
individual risk exceeds l1- to 1l0-in-a-million or the expected
number of cancers in the exposed population exceeds one (CAPCOA,
1987; HWA, 1988).

For all three groundwater remediation alternatives evaluated
here, no additional cancers are expected in the exposed
population. Maximum individual risk for all alternatives was
estimated to fall below the federal regulatory agency guidelines
for both cancer potencies. Only Alternative 1 fell above the

range of guidelines practiced in california, for the larger
cancer potency.

->

| 2.2,1 Alternative 1 - Current Irrigation Practice

In Alternative 1, the analysis estimates that the lifetime
cancer risk to the maximally exposed individual is 6 to 13-in-a-
million, depending upon the cancer potency slope used. This is
below the federal regulatory agency remedial action level and
under these guidelines further remedial action would not be
required. It is within the California regulatory agency range of
action levals for the lower potency factor. Also shown in
Table 95-1 are lifetime cancer risks to other exposed individuals
living or working near the center of the groundwater plunme.
These risks are seen to vary to significantly lower values than
those for the maximally exposed individual. If the extremely

9 -4
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conservative Cr(VI) cancer potency factor of 511 (mg/kg-day)’ is
employed, then the MEI risk is 72-in-a-million.

2.2.2 Alternative 2 - Accelerated Agricultural Treatment

In Alternative 2, maximum individual risk is estimated to be
1 to 2-in-a-million, again below the federal regqulatory agency
guidelines and within the California range of gquidelines.
Additional remedial action is therefore not indicated. Again
estimated risks for other exposed individuals can be
significantly less under this alternative. If the extremely
conservative Cr(VI) cancer potency factor of 511 (mg/kg-day)’' is
employed, then the MEI risk is 12-in-a-million.

2.2.3 Alterpative 3 - Domestic Water Replacement

Individual cancer risk for the third remedial option is
estinated to be 2 to 5-in-a-million, depending upen the cancer
potency factor employed. This alternative also meets both
federal and state regulatory agency remedial action levels.
Risks estimated for other exposed individuals can be
significantly less than those for the maximally exposed
individual under this alternative. Use of the 511 (mg/kg-day) '
potency factor increases the MEI risk to 33-in-a-million. If the
replacement of domestic water is axtended to the supply of water
for dairy purposes, then the MEI risks become 0.1, 0.3 and 2-in-
a-million for the three cancer potency slopes, respaectively.

9.3 ECOLOGICAL RISKS S - -

Ecological risks have been evaluated for scil (microflora and
infauna), flora and fauna. Risks to soil are not expacted to be
significant under any alternative except for microflora at one
linited on-site area (area C), where soil remediation is being
evaluated in the feasibility study. Risks to fauna are likewise
expected to be insignificant (evaluated for the Mojave ground
squirrel, California vole, desert tortoiss, desert cottontail
rabbit, badger and cow).

The assessment of risk to flora indicates that impacts upon
some crops grown in agricultural soils are possible, but that
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crops such as alfalfa should not be affected. Field observations
confirm that alfalfa grown in the study area is not adversely
affected by current irrigation practices. The assessment also
indicates that impacts upon individual plants in family garden
plots, while not presently occurring, are possible under
ramediation alternatives 1 and 2 (which provide bottled drinking
and cooking watar only), but not under alternative 3.

9.4 CONCLUSTONS

The risk assessment reported here is believed to
overestimate risks significantly. Based upon this conservative
assessment the following conclusions may be drawn.

1. Groundwater quality critical to the protection of local human
and ecological health will be achieved and maintained under all
of the remedial alternatives considered.

2. Estimated health risks possibly resulting from the hexavalent
groundwater plume near the ﬁinklny Compressor Station are not
significant for any of the evaluated remedial alternatives under
federal regulatory agency practices. Only for alternative 1
right they not meet California regulatory agency guidelines using
a potency factor of S1 (mg/kg-day)’'.

3. Ecological risks to soil are possible under all three
alternatives only in a limited on-site area; soil remediation is
anticipated for this area. Some agricultural species other than
alfalfa may be at risk under all three alternatives. Individual
fanily garden plants may be at risk under Alternatives 1 and 2,
but not under Alternative .3. Because of the conservatism of the

.risk azsessnant( these possible ecological risks may not exist.
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