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1.0 INTRODUCTION

A parcel (103 acres of the Truman Annex)} cof the Naval
Air Station-Key West (NAS) property (Figure 1) was purchased
by the Truman Annex Company for redevelopment. During
demolition of former Navy Buildings 168 and 169 located on
this parcel of land (Figure 2), and subsequent regrading of
the ground, soil exhibiting a yellow discoloration was

observed. The Truman Annex Company (TAC) contracted
Environmental Technology, Inc., (ET) of Richmond, Virginia,
in October 1987 to analyze the soil. ET collected soil

samples from depth intervals of 0 to 6 inches, 12 to 18
inches, and 24 to 30 inches. In some samples, chromium
exceeded the Resource Conservation and Recovery Act (RCRA)
maximum concentration level of 5 milligrams per liter (mg/L)
when analyzed by the Extraction Procedure Toxicity (EP Tox)
method (40 CFR, Part 261.24). Additionally, ET reported that
the chromium concentrations in the so0il samples having a
yellowish discoloration were generally higher than soils that
were not discolored.

Accordingly, the Truman Annex Company excavated the
discolored soils to maximum depths of about 7 feet (ft).
Reportedly, the excavated soils, were properly transported
and disposed as a hazardous material at a U.S. Environmental
Protection Agency (EPA) approved landfill.

The Navy retained Geraghty & Miller, 1Inc., (G&M)} in
December 1987 to conduct a Project Remedial Field
Investigation (PRFI). The purpose of the PRFI was to
evaluate the effectiveness of the excavation for removal of
chromium-contaminated soils. The PRFI program was initiated
in January 1988 and consisted of an initial site survey,
installation of monitor-wells, and soil and ground-water

sampling and analyses. In July 1988, additional ground-

water samples were collected as part of the PRFI. The
1
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. : following report describes the work performed, the results of
. analyses, a risk assessment, and the conclusion and
recommendation resulting from the investigation.

1]
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2.0 HYDROGEOLOGIC SYSTEM
2.1 TOPOGRAPHY AND DRAINAGE

The topography of Key West is generally flat, with
land~surface elevations ranging from about ¢ to 15 £t above
mean sea level (msl}). Average rainfall in Key West is
approximately 40 inches per year, 70 percent of which is
estimated to be lost to the atmosphere by evapotranspiration.
The remaining rainfall either percolates rapidly into the
permeable surficial sediments or is conveyed quickly to the
sea via the storm drainage system.

2.2 GEOLOGY

The uppermost geologic formation in the lower Florida
Keys is the Miami Oolite. This unit, encountered during the
field investigation {(see lithologic logs in Appendix A) is
approximately 20 ft thick and is composed of sand-sized,
rounded carbonate accretionary grains (oolites) mixed with
carbonate sands and shelly material (White, 1970).

2.3 HYDROLOGY

Only thin 1lenses of fresh ground water may be found
floating on denser wunderlying salt water in the larger
islands of the Florida Keys. Such fresh-water lenses are
generally absent on the smaller islands. During the rainy
season, the fresh-water lenses may increase slightly in
thickness, but during the dry season they tend to disappear
rapidly through seepage to the sea and by evapotranspiration
(Parker, 1955}.

As reported in the Initial Assessment Study prepared by
Envirodyne Engineers, Inc., in 1985, only a few wells in the
Key West area yield relatively fresh water, and all water

5
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needed for potable supplies is obtained from either rainwater
catchments (cisterns) or the Florida Keys Aqueduct Authority
via a 130-mile-long pipeline from the mainland. A report
prepared by Dames and Moore, Inc., (D&M) in 1987 indicates
that there are several wells located on Key West and that
some residences might use these wells for drinking-water.
However, D&M notes that water from these wells has not been
approved for drinking by the Monroe County Health Department
nor the Florida Department of Health and Rehabilitative
Services.
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3.0 WORK PERFORMED DURING THE FIELD INVESTIGATION
3.1 SITE SURVEY

Prior to initiating the field work, a site visit was
conducted to observe the physical setting of the site,
interview persons knowledgeable about Buildings 168 and 169,
and collect pertinent information concerning site history.
This information indicated that the buildings have been
leased to civilian interests beginning in 1976 and were used
for storing a variety of materials wuntil mid-1987; the
records did not specifically indicate whether or not
chromium-containing substances were stored in these
buildings. This information was used to design the field
investigation, and to prepare a Quality Assurance/Quality
Control Plan (QA/QCP}, a Health Monitoring Plan, and a
Safety/Training Plan. Additionally, engineering plans of
underground utilities around the site were reviewed to locate
possible obstructions to the subsequent soil boring/monitor-
well installation program.

3.2 MONITOR-WELL INSTALLATION

Four monitor wells were installed on January 11 and 12,
1988, to a depth of about 15 ft at locations shown in Figure
3. Continuous split-spoon samples were collected while
drilling the first of the four monitor wells to determine the
general lithology of the site. Subsequently, cuttings from
the remaining boreholes were collected, described, and
observed for the presence of residual chromium discoloration.
The 1lithologic descriptions prepared during drilling are
presented in Appendix A.

Monitor-well installation was performed wusing the

hollow-stem auger drilling method. When the augers had

penetrated to a depth of 15 ft, 10 ft of 2-inch-diameter
7
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slotted PVC well screen (0.010-inch slot size) attached to 5
ft of 2-inch-diameter PVC riser pipe was installed. A graded
silica sand (6/20 sieve size) then was emplaced in the
annular space around the well casing and borehole wall to 1.5
ft above the top of the well screen. A fine sand cap (about

0.5 ft) then was installed on the sand pack. The remaining
annular space was filled to land surface with a neat cement
grout. The wells were fitted with locking caps, and a

protective manhole cover was installed into the cement seal
to protect the well from vandalism and vehicular traffic.
The wells were developed by pumping until sand-free water was
produced. The water produced during development, along with

drill cuttings, were containerized in Department of
Transportation Type 17-H drums. Navy personnel then removed
the drums from the site. A well-construction diagram 1is

shown in Figure 4 and construction specifications for each

well are given in Table 1.

The tops of the monitor well casings were surveyed by a
licensed 1land surveyor (State of Florida No. 2749%9) and
referenced to a common datum, mean sea level (msl).
Ground-water levels were measured in the wells on January 13
and 15 and July 28, 1988, and converted to elevations using
this datum (Table 2). A water-table contour map for January
13, 1988 (Figure 5) indicates that the shallow ground-water
flow direction is generally eastward, and that the hydraulic

gradient is low.
3.3 GROUND-WATER SAMPLING

Ground-water samples were collected in accordance with
the QA/QCP on January 13, 1988 from monitor wells TAMW-1
through TaAMW-4. Prior to sample collection with a Teflon
bailer, approximately five well volumes of water were removed
from each well with a peristaltic pump. Measurements of
temperature, pH, and specific conductance were made in the

g
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Table 1. Construction Details of Monitor Wells
Installed January 11 and 12, 1988

Monitor-Well Number

TAMW-1 TAMW-2 TAMW-3 TAMW-4
Total DePth 15 15 15 15
{ft bls)’/
Screened Interval 5-15 5-15% 5-158 5-15
(ft bls)
Cased Interval 0-5 0--5 G-5 0-5
(ft bls)

1/ ft bls = feet below land surface

601,14
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Table 2.

Water-Table Elevations Collected

on January 13 and 15, and July 28, 1988

Monitor-well Number

TAaMWw-1

TAMW-2 TAMW-3 TANW-4

Measuring Point!”
Elevatiog
(£t mel)}?/

Water-Level
Elevation
(ft msl)
January 13, 1988
January 15, 1988

July 28, 1988

7.33 6.86 7.82
1.50 1.49 1.34
1.60 1.47 1.41
1.76 1.76 1.53

o Measuring point is the north side of the top

well casing.

2/ £t msl = feet above mean sea level.

601/18
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field during sampling and are summarized in Table 3. After
filling the sample containers, they were placed on ice and
shipped within 24 hours of collection to Pioneer Laboratory,
Inc., to be analyzed for chloride (EPA Method 325.1), total
dissolved so0lids, total chromium (EPA Method 218.1}, and
hexavalent chromium (EPA Method 218,5).

On July 28, 1988, a ground-water sample was collected in
accordance with the QA/QCP £from monitor well TAMW-2 for
analysis of total and dissolved chromium {EPA Method 218.1},
chloride (EPA Method 325.1), and total dissolved solids. To
collect the sample, approximately five volumes of water were
removed from the monitor well with a peristaltic pump prior
to filling the sample containers. The sample that was to be
analyzed for dissolved chromium was filtered with a 0.45
micron filter before being containerized. After the sample
containers were filled, they were placed on ice and shipped
via overnight delivery to Pioneer Laboratory, Inc. for
analysis. Measurements of temperature, pH, and specific
conductance were made in the field during sampling. The
laboratory reports of all analyses are presented in Appendix
B, and the results are presented in Table 3,

3.4 SOIL SAMPLING

As previously discussed, soil had been excavated in
selected locations to depths ranging from about 0.5 to 7 ft.
The G&M scil sampling program was performed to evaluate
whether the soil excavation program effectively removed all
chromium-contaminated soil. On January 13 and 14, 1988,
twenty soil samples were collected from the surface of the
excavated areas to depths of 0.5 £t., Depending on the depth
of excavation in a given area, these so0il samples were
collected from approximately 0.5 to 7.5 ft below the original
land surface. Each of the samples (including 2 background
samples collected at locations shown in Figure 6) consisted

14
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Table 3. Results of Field Measurements
and Laboratory Analyses of Ground-Water Samples
Collected on January 13 and July 28, 1988

January 13, 1988

____________ Monitor-well Number

July 28, 1988

ey e e it s s

"'II N TN - - N e Ill‘l’lll -l

umhos/cm = micromhos per centimeter

2’ °C =degrees centigrade

4/ ppm = parts per million

5’ BDL = below laboratory detection limit
/ -—- = analysis not performed

601,15
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TAMW-1 TAMW-2 TAMW-3 TAMW-4 TAMW-2
Field Parameters
pH (units) 7.22 6.93 6.73 7.15 7.05
Specific
Conductanc?
(umhos/cm)”” 800 1,810 1,030 720 1,560
Temperature °C*’ 27 27 28 28 30
Laboratory
Parameters
Chloride (ppm)’/ 179 308 118 37 215
Chromium (ppm)
Total BDL:/ 2.02 BDL BDL 2.7
Dissolved -3/ - - - 2.5
Hexavalent
Chromium (ppm) BDL BDL BDL BDL -
Total Dissolved
Solids (ppm) 540 1,290 799 556 993
1/
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of 3 composited subsamples. Where possible, the subsamples
were collected from areas having a yellow discoloration with
large plastic spoons, composited in plastic bowls, and placed
in plastic sample containers provided by the laboratory.
Soil from each subsample location was also retained in a
separate container and stored at the NAS-Key West should
additional analyses be reguired.

The samples were designated according to the grid number
and former building area (Figure 6) from which it was
collected. The background soil samples were collected away
from Buildings 168 and 169 in areas assumed to be free of
chromium contamination. The 1locations of each subsample
within each grid area were noted, photographed, and are on
file in the G&M Tampa office.

The soil samples were preserved with ice and shipped via
overnight delivery to Pioneer Laboratory, Inc., in Pensacola,
Florida, for analysis. The samples were analyzed for pH and
by the EP Tox method for chromium. Results of these analyses
are presented in Table 4, and the laboratory reports are
included in Appendix B.

17
561,27

GERAGHTY & MILLER, INC.




‘ Table 4. Results of Analyses of Soil Samples

l Collected on January 13 and 14, 1988

l EP Toxicity
Former Grid Sample pH for Chlromium
Bldg. No. Number Number (units) (ppm’” )

. 168 1 Ss8-1 9.29 1.7
168 2 588-2 9.02 3.5
168 3 558-3 7.96 3.1

l 168 4 SS8-4 9.43 0.82
168 5 SS8-5 9.26 0.15
168 6 Ss8-6 9.44 0.75
168 7 588-7 9.14 0.67

. 168 8 558-8 9.45 0.10
169 1 §59-1 9.33 0.43

. 169 2 589-2 7.177 1.8
169 3 §59-3 9.00 2.6
169 4 $s9-4 9.18 0.08
169 5 589-5 8.63 0.37

l 169 6 5596 8.72 3.2
169 7 5589-7 9.22 1.9
169 8 559-8 9.24 0.20
169 9 559-9 9.40 0.02
169 10 §59-10 9.20 0.58
169 11 §89-11 8.94 0.92

l 169 12 559-12 9.52 0.09
Background
A SSBG-A 8.24 BDL?/
B SSBG-B 8.96 BDL

l '/ ppm = parts per million
*/ BDL = below laboratory detection limit of 0.0l ppm

l 561/28
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4.0 RESULTS OF WATER~QUALITY AND SOIL ANALYSES

4.1 GROUND WATER

Chloride and total dissolved solids concentrations in
ground-water samples collected on January 13 and July 28,
1988, ranged from 37 parts per million {(ppm} to 308 ppm; and
540 ppm to 1,290 ppm, respectively. The pH of the water was
nearly neutral, ranging from 6.73 to 7.22.

Analyses of ground-water samples collected on January
13, 1988, indicated that no hexavalent chromium was detected,
and samples from only one of the four moniter wells (TAMW-2)
contained total chromium at 2.0 ppm. Monitor well TAMW-2 was
resampled on July 28, 1988, and analysis indicated
concentrations of total chromium (unfiltered) of 2.7 ppm and
dissolved chromium (filtered) of 2.5 ppm.

4.2 SOIL

When performing the EP Tox method, the pH of the
soil/extracting solution mixture was adjusted to
approximately 5. Total chromium was then determined in the
extracting solution. The soil’s natural pH was alkaline with
a range of 7.77 to 9.52 (Table 4). This condition reduces
the scolubility and mobility of chromium in the soil (Bartlett
and Kimble, 1976). Because of the alkaline condition, the
amount of chromium available to water percolating through the
5011 is much less than is indicated by the more acidic EP Tox
leaching results.

All of the EP Tox test results for chromium were bhelow
the maximum contaminant level of 5 ppm (Table 4 and Appendix
B) which designates whether a so0lid waste is hazardous or

nonhazardous (40 CFR 261.24). As a further indicator of

acceptability, 65 percent of the samples produced chromium
19

561,/27

GERAGHTY & MILLER, INC.



[

concentrations of less than 1 ppm. The distribution of
chromium at the site seems to be random and does not indicate
a point-source area. Furthermore, it should be noted that
samples were collected £from discolored areas which were
suspected by previous investigators to correspond to areas of
highest chromium contamination. No chromium was detected in
the background samples above the laboratory detection level

of 0.01 ppm.

20
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5.0 RISK ASSESSMENT

The objective of a Risk Assessment (RA} is to evaluate
the magnitude and degree of existing or potential risk to
public health and the environment. The RA report prepared
for the PRFI site was used to identify the health impacts of
a no action alternative, and as a consequence, determine if
there is a need for remediation.

This RA report has been written wusing the U.S.
Environmental Protection Agency (EPA)} Superfund Public Health
Evaluation Manual for guidance. The analytical and
site-specific data used to assess risk at the site has been
assembled in a previous section of this report‘(Section 4.0)
and Appendix B,

5.1 DESCRIPTION OF FACILITY

The description of the facility presents the physical
circumstances of the contaminated site and provides relevant
information about the site geology, hydrology, topography,
drainage, surrounding land use, and a description of the most
likely human and environmental receptor populations.
Information presented in the facility description often is
used to substantiate exposure scenarios posed in the exposure
evaluation and risk characterization parts of the report.
The description of the facility is presented in Sections 1.0,
2.0, and below.

The PRFI site is located in an area formerly Navy
property and part of the Truman Annex. This property 1is
presently being developed by the TAC into a private
condominium/single-family home residential community. At
present, access to the development is limited by an 8-ft high
fence positioned along the northeast side of the property.
The remaining property is bordered by the ocean or by Navy

21
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property that is limited to access by U.S. Navy personnel
only. During the field investigation, entrance to the
TAC-owned part of the Truman Annex was monitored by a guard.
The area adjacent to this development is primarily
residential and consists of single-family homes, apartments,
shops, hotels, and restaurants. The large number of
permanent residents 1living within 1/4-mile of the site
suggests that the residents be considered as potential
receptors in the contaminant exposure evaluation.

The site exhibits physical and aesthetic features that
are unattractive to nearby residents and tourists to Key
West, The location of the site is on private property and
parts of the development are undergoing demolition while
others are under construction. In addition, local residents
and tourists are most likely to be attracted to beaches and
resort areas other than the construction site. Future
building plans at the PRFI site show the construction of
condominiums, parking lots, and a swimming pool.

5.2 CONTAMINANT EVALUATION

The contaﬁinant evaluation ©process identified the
extent of contamination. Within this process, a description
of the analytical results for chromium was presented from
samples obtained from ground -water, and soil. - This
information is described in Section 4.0 of this report.

5.2.1 Toxicity Profile

An extensive toxicity review for chromium is provided in
Appendix C. This section 1s presented to review the
potential ‘health effects as described in Health Advisory
documents prepared by the EPA Qffice of Drinking Water. a
brief toxicoleogical profile of chromium follows:

22
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5.2.2 Chromiumn

Chromium is a relatively rare, naturally occurring
element in the earth’'s crust and occurs in most rocks and
minerals at concentrations of 200 ppm. A few minerals
contain chromium at concentrations of 2,000 to 3,000 ppmn.
Chromium is not mined in the United States commercially and
is imported. Chromium and its compounds are used in alloys,
pigments, the manufacturing of leather and textiles,
catalysts, and wood preservatives, and is released to the
environment during industrial activities.

Chromium can exist in several oxidation states from -2
to +6. In the natural oxygenated environment, chromium
exists in three principal states: elemental (cr’), trivalent

(cr*?), and hexavalent (cr*®).

6 + 3

In general, Cr' compounds are more toxic than Cr
compounds because cr*® can transverse biological membranes by
diffusion or facilitated transport. The toxicity of chromium
has been attributed primarily to cr*®, which has been shown
to produce liver and kidney damage, internal hemorrage,
dermatitis, and respiratory problems. The immediate symptoms
of exposure are generally nausea, repeated vomiting, and

diarrhea {(U.S. EPA, 1985).

. Subchronic and chronic dermal exposure to Cr*® in the
form of chromic acid may cause contact dermatitis and
ulceration of the skin (Burrows, 1978). Chronic inhalation
of dust or air containing crt® may cause respiratory problems
including wulcerated nasal septa and decreased respiratory
volumes (U.S. EPA, 1985).

There is inadequate evidence to determine whether or not
oral exposure to chromium can lead to cancer. No increase in
the frequency of tumor formation over that of control animals
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was observed in rats exposed to ¢r*® at concentrations of
293, 588, or 1,466 mg/kg/day in the diet for two years
{Ivankovic and Preussmann, 1975).

The carcinogenicity of inhaled ¢€r*® is well established
for humans in an occupational setting (Hayes et al., 1979}).
Under these circumstances, the effects are observed only in
the respiratory passages and in the lungs and are believed to
have no bearing on carcinogenic risk following oral exposure
to the metal (U.S. EPA, 1985). -

The U.S. EPA Office of Solid Wastes has derived an RfD
ef 1.0 milligrams per kilogram per day (mg/kg/day) for crt?
and 0.005 mg/kg/day for Cr*° The U.S. EPA has a Maximum
Contaminant Level (MCL) of 50 uwg/L for total chromium in
drinking water and proposed a Maximum Contaminant Level Goal
(MCLG} of 120 micrograms per liter (ug/L}. The EPA has
classified the potential carcinogenicity of chromium as Class
D: Not Classified. This category is for chemical agents with
inadequate animal evidence of carcinogenicity. The analysis
of ground-water samples obtained at the site for trivalent
and hexavalent chromium ions did not report the presence of
the hexavalent species. Thus, the RfD of 1.0 mg/kg/day for
cr*’ will be used to calculate the hazard index associated
with human exposure to this compound, and calculations of
dose and corresponding health risk will be based on
noncarcinogenic effects. '

5.3 DOSE-~-RESPONSE EVALUATION
In this section of the RA, the toxicological features of
the indicator chemicals are identified. Since chromium is

the only chemicél detected at the site, the dose/response
assessment will address the health hazards of chromium.
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5.3.1 Toxicity

The recognized toxic responses associated with chromium
are summarized in Table 5. A major distinction in the
classification of toxic effects is between carcinogenic and
noncarcincgenic effects. Due to the current regulatory
approach to carcinogens, acceptable levels of exposure are
based on extremely low hypothetical cancer incidence rates {1
in 10,000 to 1 in 1,000,000) rather than the ohserved finite
threshold 1limits used for noncarcinogens. Because the method
of calculating potential risk differs between carcinogens and
noncarcinogens, the level of risk associated with carcino-
genic effects is usually much higher than for noncarcinogenic
effects. The discussion of adverse effects for the indicator
chemicals is usually divided into carcinogenic and noncarcin-
ogenic effects. However, since hexavalent chromium (a
carcinogen) was analyzed but not detected in ground-water
samples obtained at the site, it is assumed that reported
chromium concentrations are Cr*’ and not Cr'®. The RA will
be restricted to the evaluation of the noncarcinogenic

effects.

5.3.2 Noncarcinogenic Effects

Noncarcinogenic responses are generally believed t¢ have
a threshold value, which is a finite dose at which adverse
responses are not elicited. A single compound might elicit
several adverse effects depending on the dose and the length
and route of exposure. In developing standards of criteria
for a compound, the critical toxicity value, RfD or dose
which elicits the most sensitive response in the most
Sensitive test organism, is used to establish the RfDs. In
assessing risks, the most sensitive response is used to
determine whether expasure is acceptable.
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Table 5. Summation of Chromium Hazards
Carcino—1 Reproductive/2 Mutagen-—
Chemical CAS Number genicity ’ Teratogenicity / icity
Chromium 7440-47-3 X X X

{Hexavalent
Chromium only)

Adopted from "Chemical, Physical, and Biological Properties of
Compounds Present at Hazardous Waste Sites," Office of Waste
Programs Enforcement (OWPE), U.S. EPA, 1985. Criteria presented
in this table is that of OWPE. An "X" indicates the chemical
meets the criteria outlined by OWPE for the particular toxic
effect classification. The lack of an “X" under a classification
does not necessarily imply that the chemical cannot have a toxic
effect.

L/ A compound is classified as carcinogenic: if it is a known
or suspected human carcinogen; if it has been shown to be
carc1nogen1c at a particular site in more than one species or
set in an animal bicassay; or if it has been shown to
increase the incidence of site-specific malignant tumors in a
single species or sex, and there is a statistically
significant dose-response relaticnship in more than one
exposed groupt.

27 Chemicals are classified as teratogens and reproductive
toxins if there is suggestive evidence of an effect in humans
or if at least one study in whole animals is clearly
positive, Unsupported in vitro evidence is considered
sufficient to classify a chemical as a reproductive
toxicity/teratogenicity hazard.

3/ A chemical is classified as mutagenic if it has given a
positive result in at least one of the mammalian in vivo or
bacterial mammalian cell in vitro assays for mutagenicity.
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5.3.3 Comparison with Applicable or Relevant
and Appropriate Requirements (ARAR]

Comparison between the maximum chromium concentrations
reported in the ground water at the site and the current
federal guidelines (Table 6) provides an initial method of
distinguishing potential risks. With regard to the criteria
to protect agquatic and marine life, the reported
concentrations of chromium are several orders of magnitude
less than the environmental criterial presented in Table 6.

5.4 EXPOSURE EVALUATION

The purpose of the exposure assessment is to identify
the routes of exposure (inhalation, dermal centact, and
ingestion) by which contaminants are transported from the
site, and the contaminant dosage to human receptors.

A summary of the potential human exposure routes (Table
7) shows that five potential contaminant exposure routes are
completed at the site. These are: dermal contact with
surface soil, dermal contact with surface water in the
excavation, dermal contact with grcund water, ingestion of
ground water, and the inhalation of fugitive dust. For
convenience, the five exposure pathways have been combined
into three to more correctly guantify the ccntaminant dose
following exposure. These are: dermal contact/ingestion of
s0il, dermal contact/ingesticn of ground water, and the
inhalation of fugitive dust. Dermal contact with surface
water in the excavation was not calculated Dbecause
surface-water samplegs were not collected and the exposure
scenario for ground water ({(dermal contact/ingestion) will
guantify the health risks associated with exposure to water
at the site.

Dermal contact and ingestion of seoil at the site was
described as an exposure event of low (current) and absent
27
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Teble 6. Appllcable or Relsvant, and Appropriate Requlremants (ARARs)

State of v Faderal Water Qua!lty CrlTer!aS/ Mas Imum
Florida ’ 3/ Aquatic Aquatic Marine Marine Reported
Water 2/ EPA 4 Fish Wateor and Life Life Lite Life Concantration
Quality EPA Proposed  ACGIH Consumptlon  Aquatic (Acuta (Chronic (Acute {Acute In
Indicator Standards MCL MCLG TLV Only Life Toxleity) Toxlcity) Toxlclty) Toxlelty Ground Water
Chemi cal {mg/L) (mg/L) {mg/L) {mg/m") {mg/L) (mg/L} {mg/L) {mg/L) {mg/L) (mg/L) (mg/L)
Chromlum (VI1) .050 050 « 120 0.5 3433 170 1,700 210 10, 300 —— 2.02

1
/ State ot Florida Water Quality Standards

24 Federal Register (7/8/87)

¥ Fadoral Reglster (10/11/85, 11/13/85)

4
/ American Conference of Governmenta! Industrlal Hyglenlsts, 1987-1983

5
/ USEPA, Offlce of Water, Regulations and Standards, Quality Criterlia for Water 1986

--= Mot avaliable
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fugitive dust,

with plastic tarps to
{imit the releasa of
tugitive dust,

to pedestrlian trattic
from ad jacent
residentlial areas,

visiting the site, The

site 1s on private property,

561/39 Table 7, Present Potential Human Exposure Routes from the PRF! Site
Future
Current Probablliity of
Route of Physical and Chemlcal Probabllity  Exposure Without Pathway
Exposure Foatures Environmaental Receptor Population of Exposure Remad1al Action Complete
Dermal contact Chromlum 15 weakly The excavated area Is Resldents or tourists low absent yes
with soil In adsorbed to sotll covered with plastic visiting the site., The
the excavated particles, tarps, but the publlc sltte Is 1n a rasidential
area, is not restricted from area, but on private
accessling the area, property that is under
ai though the site Is on development,
private property,
Q
m Dermal contact Chromium {s soluble Tha excavatad area [s Residents or tourists Tow absent yos
§ with water In water, Chromlum covered with plastic visiting the site, The
EE accumul ataed is not eastly absorbed tarps, but the public site Is In a resTdential
— In the by skin, Is not restricted from area, but on private
- oxcavatad eccessing the area, property that is under
@ area, although the site Is on devalopment,
E; S; private property,
=
F; Darmal contact Chromlum s soluble Residantial wells used Restdents or tourlsts low low yes
~ with ground In water, Chromfum for irrigation or to exposed to lawn Irrigation
EE watar., is not easlly til1l swimming poals or swimming In pools,
0 absorbed by skln, present within 1/4-mlle
radius of the site,
ingestion of Chromium was detected Ground water s not Reslidents not using public low {ow yes
ground water., In ground water above the source of a publle potable water,
Fiorida drinking water potable suppiy In this
standards, area, Some residents
may be using ground water
from walls within a
1/4-mlie radius of the slte,
Thls practice Is discouraged
by clty officials due to
poor natural water quallty,
Inhalation of The sita |s covered The site 1s accesslible Resldsnts or tourists low absent yas




, j ' W ,

(future} probabilities of occurrence. Although the site does
not attract trespassers and development plans indicate that
the site will be paved over, an exposure scenario was
devised. The exposure scenario guantifies the noncarcino-
genic risk posed by a Key West resident who covers his or her
face, neck, hands, and feet with chromium contaminated soil
and consumes 10 mg of soil each day. Additional assumptions
used to develop the dermal contact/ingestion exposure
scenario are presented in Appendix D. Calculation of the
Hazard Index (Chronic Daily 1Intake [CDI}/Reference Dose
[RED]) (Table 8 and Appendix E) shows that calculated CDI
(2.4 x 10°° mg/kg/day) is less than the RfD (1.0 mg/kg/day)
following dermal contact and ingestion of contaminated soil
from the site (Table 8 and Appendix E).

Dermal contact and ingestion of ground water at the site
was described as an exposure event with a low (current and
future)} probability of occurrence. Some 1local residents
within 1/4-mile are believed to have shallow wells on their
property. Although it is not known if these wells are used
for potable supplies, city health officals do not condone the
practice and advise that all residents use the municipal
water supply. An exposure scenario was devised to address
this possibility and to quantify the health risks associated
with the consumption of and dermal contact with ground water.
The exposure scenario simulates the use of ground water from
a shaliow well located at the site that intercepts the
contaminated shallow aquifer. The assumptions wused to
develop the dermal contact/ingestion exposure sctenario are
presented in Appendix D. Calculation of the Hazard Index
shows that the calculated €DI (7.1 x 107° mg/kg/day) is less
than the RfD for chromium (1.0 mg/kg/day} following dermal
contact and ingestion of contaminated ground water from the
site (Table 8 and Appendix E).
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Table 8. Health Risk Summary
(Noncarcinogenic Effects)
Constituent/ 1 2

Route of Reported CDI RED Hazarg
a Exposure Receptor Concentration mg /kg/day mg/kg/day Index
&
e . +3 -4 0 -4
A Dermal Contact/  Adult Chromium ~/ 2.4 x 10 1.0 x 10 2.4 x 1¢C N
T Ingestion of maximum I -
j Soil
Cg “@  permal Contact/ Adult Chromium®3/ 7.1 x 1072 1.0 x 10° 7.1 x 1072
= Ingestion of maximum
E Ground Water
x - -
= Inhalation of Adult Chromium’ 3/ 1.9 x 107° 1.0 x 10° 1.9 x 107°

iti i -3
A Fugitive Dust maxlmum > XD
l—‘—/ﬂ/’ -_2
Total Health Risk (soil, ground water, and air) 7.1 x 10 —
1 Chronic daily intake L
.
2 Reference dose

3 Hazard Index = CDI/REfD



-.q//'

The inhalation of fugitive dust at the site was
considered an exposure event of low (current) and absent
(future) probabilities of occurrence. The exposure scenario
assumes that a resident will inhale contaminated fugitive
dust from the site all day (24 hours). The assumptions used
to develop the inhalation exposure scenario are presented in
Appendix D. Calculation of the Hazard Index shows that the
calculated CDI (1.9 x 10°° mg/kgs/day) is less than the RfD

for chromium (1.0 mg/kg/day)} £following the inhalation of

fugitive dust from the site (Table 8 and Appendix E).
5.5 RISK CHARACTERIZATION

Risk characterizations are developed to evaluate the
impact to public health. The environmental risk assessment
gualitatively assesses the potential risk based on published
aquatic toxicity data for chromium. The risk characteriza-
tion for potential impacts to public health has been
developed from analytical data and toxicological profiles.

This gquantitative risk assessment involves the
calculation of health risk 1levels that represents the
possibility of exceeding the RfD (noncarcinecgens) under the
conditions described in the exposure scenario. Calculations
of risk are made to overestimate the actual risks so as to
evaluate the "worst case"” scenarios fotr the purpose of
determining the regulatory impact.

The health risk estimate for exposure to a noncarcinogen
(Hazard Index) is determined by dividing the Chronic Daily
Intake (CDI) or estimated dose by the Risk Reference Dose
(RED). The RfD is an estimate of the daily exposure to the
human population that is likely to be without appreciable
risk of deleterious effects over a lifetime, and is derived
from the No-Observed-Adverse-Effect-Level (NOAEL}, identified
from a chronic ({(or subchronic) study, divided by an
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uncertainty factor(s). This method of health risk estimate
allows for the evaluation of a single chemical or multiple
subthreshold chemical exposures. When the hazard index of
any chemical (or many chemicals that induce the same effect
on the same mechanism) poses an exposure dose level greater
than the reference dose level (hazard index ratio greater
than one), there may be concern for a potential health risk.

5.5.1 Human Health Risk

5.5.1.1 Dermal Contact and Ingestion of Soil

The total health risk posed by dermal contact/ingestion
of soil for a resident near the site is several orders of
magnitude less than the RfD for chromium (Table 8). The
hazard index for an adult exposed to contaminated soil is 2.4
x 10°* for the maximum reported concentration of chromium.

5.5.1.2 Dermal Contact and Ingestion of Groundwater

The total health risk posed by dermal contact/ingestion
of groundwater for a resident near the site is less than the
RfD for chromium (Table 8). The hazard index for an adult
exposed to contaminated groundwater is 7.1 x 10"% for the
maximum reported concentration of chromium.

5.5.1.3 1Inhalation of Fugitive Dust

The total health risk posed by the inhalation of
fugitive dust contaminated with the highest reported
concentrations of chromium are less than the RfD for chromium
{Table 8). The hazard index for an adult that inhales
contaminated fugitive dust is 1.9 x 10°° as derived from the
maximum reported concentration of chromium in the soil.
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A risk characterization of the current and future human
contaminant exposure routes at the site has shown that none
of the routes of exposure pose a health risk in excess of the
RfD for chromium. 1In addition, the health risks posed by the
sum of all three exposure scenarios (7.1 x 10"%) are below
the RfD for chromium (Table 8).

5.5.2 Environmental Health Risks

Adverse environmental effects beyond the chromium
disposal area and the property boundary should not occur
based on comparisons to environmental standards and

information describing the extent of contamination.

5.6 RISK ASSESSMENT SUMMARY

This RA has evaluated the PRFI site located at the
Truman Annex in Key West, Florida, to identify the existing
or potential hazard(s) to public health and the environment.
Estimated chronic daily intake for potential human exposure
scenarios were determined to be less than health criteria
(RfD} for <chromium indicating an acceptable level of
exposure. These exposure scenarios are as follows:

o) Ingestion and dermal contact with soil at the
site;
o Ingestion and dermal contact with ground water

at the site; and

o Inhalation of <contaminated fugitive dust
within the vicinity of the site.

Comparison of ground-water data to appropriate marine
and aquatic chronic and acute criteria indicate that these
health criteria have not been exceeded at the site.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Although residual chromium has been detected in the soil
at the excavation area, the observed concentrations are below
the limit that classifies the soil as being hazardous waste.
The natural alkaline pH of the soil will help minimize the
release of chromium that is bound to the soils by such
processes as specific adsorption and ion exchange. Chromium
was detected in only one of four ground-water samples which
was located in an apparent upgradient position.

Based on a comprehensive risk assessment, the potential
intake{s) and associated hazards to public health and the
environment in  the surrounding area are acceptable.
Furthermore, future development activities that will reduce
the amount of water percolating through the soils at the site
will decrease the potential for migration of any residual
chromium. Such activities would include paving, building
construction, and the abandonment of the on-site monitor
wells.

Based on the information collected and the findings of

this investigation, additional remediation of the site is not
recommended.
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LITHOLOGIC LOG FOR MONITOR WELL TAMW-1
Pepth Thickness
Description {ft) (ft)
Sand, guartz, fine-grained, gray to tan,
mixed with organics.......coievnannn 0 - 0.5 0.5
Limestone, oolitic, moderately to poorly
lithified, silty, buff.......... ... 0.5 - 16.0 15.5
LITHOLOGIC LOG FOR MONITOR WELL TAMW-2
Depth Thickness
Description (ft) (ft)
Sand, quartz, fine-grained, gray to tan,
mixed with organics....... et e ssane s 0 - 0.5 0.5
Limestone, oolitic, moderately to poorly
lithified, silty, buff............ ..., 0.5 - 15.0 14.5
LITHOLOGIC LOG FOR MONITOR WELL TAMW-3
Depth Thickness
Description {ft) (ft)
Sand, guartz, fine-grained, gray to tan,
mixed with organics......... Chaes e e 0 - 0.5 0.5
Limestone, oolitic, moderately to poorly
lithified, silty, buff....... ..o, 0.5 - 15.0 14.5
LITHOLOGIC LOG FOR MONITOR WELL TAMW-4
Depth Thickness
Description (ft) {ft)
Sand, quartz, fine-grained, gray to tan,
nixed with organics......... G eteseaasenean 0 - 0.5 0.5
Limestone, ocolitic, moderately to poorly
lithified, silty, buff......... .. v 0.5 - 15.0 14.5
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LABORATORY, INC

11 EAST OLIVE RQAD PENSACCGLA. FLORIDA 32514
PHONE (904) 474-1001

‘Lab I.D.#:

Client: GERAGHTY & MILLER 88-0144
07001 3820 NORTHDALE BLVD, Order Number: P10i9s6
SUITE 200 ' . Order Date: 01/14/88
TAMPA ~ FL 33624-0000 Sampled By: - T. GIPE
Sample Date: 01/13/88
S Sample. Time: 1700
Project Number: §8-0144 .
Project Name: TO280TAQ2
Sample Site: TRUMAN ANNEX
Sample Type: GROUNDWATER
N/S = Not Submitted
Sample ID Parameter Units Results Detection
. : Limit
-0144-01 TAMW-1 CHLORIDE PPM ¢ 178 1
$—0144 02 TAMW-2 CHLORIDE PBPM - 308 1
8-0144-03 TAMW-3 CHLORIDE ' . PPM 118 1
B-0144~04 TAMW-4 CHLORIDE PPM a7 1
-0144-05 TAFB CHLORIDE PPEM BDL i
. ~0144~-06 TARS . CHLORIDE PPM BDL 1
88-0144~07 TRIP BLANK CHLORIDE PPM BDL 1
144-01 TAMW-1 CHROMIUM PEM BDL 0.01
144-02 TAMW-2 CHROMIUM . PEM 2.02 0.01
88-0144~03 TAMW-3 CHROMIUM ) - PPM BDOL 0.01
" @8-0144~04 TAMW-4 CHROMIUM PPM BDL 0.01
!Z-Ol44-05 TA¥B CHROMIUM PPM BDL 0.01
©8-0144-06 TARS CHROMIUM - PPM BDL 0.01
88-0144~07 TRIP BLANK CHROMIUM . PPM BDL - 0,01
-0144-01 TAMW-1 ' CHROMIUM HEXAVALENT . PPM BDL .01
¥S-0144~-02 TAMW-2 CHROMIUM HEXAVALENT PPM - BDL 0.01
88-0144~-03 TAMW-3 CHROMIUM HEXAVALENT - PEM BDL 0.01
8 0144-~-04 TAMW-4 CHROMIUM HEXAVALENT . FPPM BDL 0.01
8 0144-05 TAFB CHROMIUM HEXAVALENT PPM BDL 0.01-
~-0144-06 TARS CHROMIUM HEXAVALENT PPM BDL 0.01
~-0144~07 TRIP BLANK CHROMIUM HEXAVALENT PPM BDL 0.01
—0144 g1 TAMW-1 TOTAL DISSOLVED SOLIDS  PPM 540 1
8-0144-02 TAMW-2 TOTAL DISSOLVED SOLIDS PPM 1290 1
8-0144~03 TAMW-3 TOTAL DISSOLVED SOLIDS  PPM 799 1
-0144-04 TAMW-4 TOTAL DISSOLVED SCLIDS PPM 556 1
~-0144-05 TAFB TOTAL DISSOLVED SOLIDS PPM BDL 1
8 0144-06 TARS TOTAL DISSOLVED SOLIDS PEM BDL 1
5-0144-07 TRIP BLANK TOTAL DISSQOLVED SOLIDS PPM EDL 1
l
.‘ents: PPM = Parts Per Million, mg/l; BDL = Below Detection Limit;

Method Reference: EPA 600/4-79~ 020, Rev1$ed March 1983

,&f/ ? g@‘z«/M/

end of report:®

Approved By
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I 1 EAST OLIVE ROAD

“Pi o1 eer
LABORATOHY INC.
PENSACOQLA, FLF)RIDA 32514

PHONE (804) 474-1001

Lab I.D.#:

Client: GERAGHTY & MILLER 88-0173
l 07001 3820 NORTHDALE BLVD, Order Number: P10235
SUITE 200 order Date: 01/16/88
= TAMPA FL 33624-0000 Sampled By: HEBERT/GIPE
. Sample Date: 01/16/88 i
: - Sample Time: N/S -
' Project Number: 88-0173 .
' Project Name: GERAGHTY & MILLER \
Sample Site: TO290TAO1/TRUMAN ANNEX
Sample Type: SOIL BORINGS
I N/S = Not Submitted }
ahb ID Sample ID - Parameter Units Results Detection }
' - Limit
28-0173-01 SSBG-B CHROMIUM = -~ PPM BDL 0.01
.8—0173—02 $59~4 CHROMIUM PPM 0.08 0.01
3-0173-03 SS9-5 CHROMIUM  PPM 1 0.31 0.01
38-0173-04 SS9-6 CHROMIUM PPM 3.2 0.01
8-0173-05 SS9-7 CHROMIUM PPM 1.9 0.01
.3—0173—05 $59-8 CHROMIUM PPM 0.20 0.01
38-0173-07 S89-10 CHROMIUM : PPM 0.58 0.01
§2:0173-08 $59-11 CHROMIUM PPM 0.92 0.01
“173-09 $S9-12 CHROMIUM : PPM ©.09 0.01
58-0173-10 SS9-9 CHROMIUM ' ) PPM 0.02 0.01
28-0173-11 S§8-2 CHROMIUM ' : PPM 3.5 0.01
.8—0173—12 SS8-4 CHROMIUM PPM 0.82 0.01 ‘
#8-0173-13 . SS8-6 CHROMIUM _ ~ PPM 0.75 0.01
88-0173-14 SS8-3 CHROMIUM R . PPM . 3.1 0.01
8-0173-15 SSB6-A CHROMIUM o ‘PPM BDL 0.01
8-0173-16 SS8-1 CHROMIUM e PPM - 1.7 0.01
58~0173-17 SS8-5 CHROMIUM .. ... . PPM_ ~0.15 0.01
§8-0173-18 $S8-7 CHROMIUM " PPM 0.67 0.01
!8—0173—19 S$S8-8 CHROMIUM PPM - 0.10 0.01
8-0173-20 S$59-1 'CHROMIUM PPM 0.43 0.01
28-0173-21 SS9-2 CHROMIUM o PPM 1.8 0.01
.8-0173_22 $59-3 CHROMIUM : - PPM 2.6 0.01.
8-0173-22 RINSATE _ CHROMIUM FPM BDL 0.01
B8-0173-24 FIELD BLANK CHROMIUM PPM " BDL"™  °  0.01
'a—o173—01 SSBG-B PH UNIT - 8.24
8-0173-02 SS9-4 PH - : ) © UNIT g.18
B8-0173-03 SS9-5 PH . UNIT 8.63
§3-0173-04 S59-6 PH o . UNIT 8.72
!8—0173—05 559-7 PH UNIT 9.22
8-0173~-06 SS9-8 PH UNIT 9.24
8~0173-07 SS9-10 9.20

...lents:

' CERTIFICATION NUMBERS: FLLABID® 81142 » EPA G FLO94 & FDER # ELO2C & AL LABID 8 40130 » NIOSH ® 32314001 # FLENY 2 EB1010 -

PPM = Parts Per Million, mg/l:
Method Reference:
Total Chromium analyses were performed on EP Tox1c1ty Extract.

PH UNIT

BDL = Below Detection Limit

SW-846, 3rd Edition, November 1986, |

W?&JM

Approved By
B-2-
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LABORATORY, INC.

11 EAST OLIVE ROAD ’ PENSACOLA, FLORIDA 32514
PHONE (804) 474-1001

client: GERAGHTY & MILLER Lab I.D.#: 88-0173

. 37001 Order Date: 01/16/88
_ Sampled By: HEBERT/GIPE
' Sample Site: TO290TAC1/TRUMAN ANNEX : -
Sample Type: SOIL BORINGS ‘

l 'single Tests continued Sample Date: 01/16/88 Time: N/S

lab ID Sample ID- Parameter Units Results Detection
' Limit

8-0173-08 SS9-11 PH o UNIT 8.94
'8-—0173—09 $59-12 PH UNIT 9,52
98-0173~10 S59-9 PH : UNIT 9,40

8-0173~11 SS8-2 PH _ UNIT 9,02
ia—ona-lz Ss8-4 PH UNIT '9.43

3-0173~13 SS58-6 ) PH . ‘ UNIT 9.44

88-0173-14 S558-3 © PH - ' UNIT 7.96

8-0173~15 SSB6~-A PH ) UNIT 8.96

8§-0173~16 SS8-1 PH UNIT 9.29

88-0173~17 S88-5 PH UNIT 9.26

8-0173~18 SS88-7 PH UNIT 9.14
hl?S-—lS S58-8 PH A UNIT 9.45

-0173~20 S59-1 PH . ' UNIT 9.33

88-0173~-21 SS9-2 " PH R , UNIT  7.77

§-0173-22 $s59-3 : PH o _ UNIT . 9.00

8-0173-23 RINSATE _ . PH ' : UNIT 5.43

88-0173-24 FIELD BLANK PH : - . 'UNIT 5,28
l!

B-3 )

l end of report’

CERTIFICATION NUMBERS: FLLABID ¥ 811432 o EPA # FLO9A @ FOER £ £L020 # AL LABID % 40130 & NIOSH # 32514001 & FLENV 2 EB1G10
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LABORATORY, INC.

l ’ 11 EAST OLIVE ROAD PENSACOLA. FLORIDA 32514
. PHONE (904) 474-1001

Client: GERAGHTY & MILLER , Lab I.D.#: 88~2630
07001 3820 NORTHDALE BIVD. Order Number: Pl4248
SUITE 200 Order Date: 07/29/88
TAMPA FL. 33624-0000 Sampled By: T. GIPE
' Sample Date: 07/28/88
Sample Time: N/S

Project Number: TF0290KWO08
Project Name: TRUMAN ANNEX
Sample Site: NAS KEY WEST

Sample Type: GROUNDWATER .
. N/8 = Not Submitted
1 ID Sample ID Parameter Units Results Detection
Limit
i—z 630-1 RNS-A CHLORIDE PPM BDL 1
56-2630-2 . TAMW-2 CHLORIDE PPM 215 1
88-2630-1 RNS-A CHROMIUM, TOTAL PPM 0.08 G.05
~2630-2 TAMW-2 CHROMIUM, TOTAL PPM 2.7 0.05
2630-1 RNS-A CHROMIUM, DISSOLVED PPM BDL 0.05
58-2630-2 TAMW~2 - CHROMIUM, DISSOLVED PPM 2.5 G.05
-2630~-1 RNS-A - TOTAL DISSOLVED SOLIDS PPM 15 1
%30—2 TAMW-2 TOTAL DISSOLVED SOLIDS PPM 993 1

MG 11 g |

ents: PPM = Parts Per Million, mg/l; BDL = Below Detection Limits.
ethod Reference: EPA 600/4-79-020, Revised March 1983.

. _ hpproved By : _Aﬁ_é%%__
‘ ena of report
l' . B-4

CERTIFICATION NUMBERS: FLLABID%B)142 ¢ EPA #FLO94 ¢ FOER #ELO20 # ALLADID % 40150 » NIOSH # 32514001 # FLENY 8 €8101Q
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March 31, 1987

. CHROMIWA
Health Advisory

Office of Drinking Water
U.8, Environmental Protection Agency

INTRODUCTION

The Health Advisory (HA) Program, sponsored by the office of Drinking
Water (ODW}, provides information on the health effects, analytical method-
ology and treatment technology that would be useful in dealing with zhe

.contamination of drinking water. Health Advisories describe nonregulatory

concentrations of drinking water contaminants at which adverse health effects
would not be anticipated to occur over specific exposure durations. Health
Advisorias contain a margin of safety to protect sensitive members of the

‘population,

Health Advissories serve as informal techaical gquidance to assist Federal,
State and local officials responsible for protecting public health when
2mergency s$pills or contamination situations occur. They are not o be
construed as legally enforceable Federal standards. The HAs are subject to
change as new information becomes available.

Health Advisories are developed for One-day, Ten-day, Longer-t&ern
{approximately 7 vears, or 10% of an individual's lifetime) and Lifetime
exposures based on data describing noncarcinegenic end points of toxicity.
Health Advisories do not guantitatively incorporate any potential carzinegenic
risk from such exposure. Ffor those substances that are known or probable
human carcinogens, according to the agency classification scheme {(Group A or
B), Lifetime HAs are not recommended. The chemical concentration values for
Group A or B carcinogens are corrzlated with carcinogenic risk estimatas by
emplaoying a cancer potency (unit risk] value together with assumpticns for
lifetime exposurs and the consumption of drinking water. The cancer unit
risk is usually derived from the linear miltistage model with 95% upper
confidence limits. This provides a low-dose estimate of cancer risk to
humans that is considered unlikely to pose a carcinegenic risk in excess
of the stated values. Excess cancer risk estimates may also bhe calculated
using the One-~hit, Weibull, Logit or Probit models. There is no current
understanding of the biological mechanisms involved in cancer to suggest: that
any one of these madels is able to predict risk more accurately than anscth2rc.
Because each model is based on differing assumptions, the estimates =hat are
derived can differ by several orders of magnitude.
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This Health Advisory is based on information presented in the Office
of Drinking Water's Health Effects Critaria Document (D) for chromium {U.S.
EPA, 1985}, The HA and CD formats are similar for easy reference. Individuals
desiring further information on the toxicological data base or rationale for
risk characterization should consult the CD., The CD is available for review
at each EPA Regional Office of Drinking Water counterpart (e.g., Water Supply
Branch or Drinking Water Branch), aor for a fee from the National Technical
Information Service, U.S. Department of Commerce, 5285 Port Royal Rd., Spring-
field, VA 22161, PB #86-1180372/AS., The toll-free number is (800) 336-4700;
in the Washington, D.C. area: (703} 487-4650.

GENERAL INFORMATION AND PROPERTIES

CAS No.
° Chromiam -- 7440-47-3

Chromium (III) Chloride =-- 10025-73-7
Chromic Acid, Dipntassium Salt -- 7789-00-6

Svnon k‘mS

¢ None

Uses

Chromium and its sales have a variety of uses including the follewing
(for additional information see Hartford, 1979):

° Hexavalent chromium compounds are used widely in industry for chrome
alloy and chromium metal production, for metal finishing and corrosisa
canteol (Love, 1947) and as mordants in the textile industry (Iler,
1954).

¢ Chromium salts are used as anticorrosive agents in cooling waters, in
the leather tanning industry, in the manufacture of catalysts, in

plgments’ and paints, and in fungicides and wood presarvatives (Hartford,

1973%).

33 ' . g2
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Properties (Hem, 1970; Weast, 1971; Windholz, 1976)

some examples are as follows:

Chromium (III)

The properties of chromium compounds vary with the specific compound;

Chromic Acid,

Chromium Chloride Dipotassium Salt
Chemical Formula Cr CrCl, KLr0y
Atomic/Molecular Weight 51,996 122,90 194.20
Physical State blue-white solid solid solid
Boiling Point 2,642°C - -~
Melting Point 1,900°C 83°C 968.3°C

Density
Vapor Pressura
Watar Solubility

- Log Cctanol/Wazer
Partition Coefficient

Taste Threshold
Odor Threshold

7.14 qm/cm3

0.5 ug/L

2.76 g/en3 (15°C)

inslouble

2.732 g/em3 (18°C)

62.9 g/190 al (20°C)

Occurrence

Chromium is a relatively rars, naturally occurring element in the
earth’s crust. Chromium occurs in most rocks and minarals at levels
of 200 ppm. A few minerals contain chromium at levels of 2-3, 920
ppm. Chromium is not mined in the U.S. commercially; it is imported.
Chromium is released to the enviromment Jduringy industrial activities,
However, current data sugygest that surface and ground watar levals of
chromium are the result of naturally-occurring chromium leachiny from
mineral deposits.  Soluble chromium has been reported to occur 1n
surface waters at levels up to 84 ug/iL and in ground water at levels
of 50 ug/L (U.S. EPA, 1987).

Federal surveys of surface and ground water drinking water suppliss
have reported that most supplies contain less than 5 ug/L. Curreatly,
17 ground water supplies and one surface water supply exceed the
interim standard of 50 ug/L {U.S. EPA, 1987).

1II. PHARMACOKINETICS

Absorption

In

general, with the exception of the Cr III glucose tolerance factor

[GTF), Cr V1 is more readily absorbed than Cr III:

In humans and experimental animals, gastrointestinal absorption of
inorganic salts of Cr 1II is low (from 0.5% to 3%}. Howevar, Cr VI
and organic complexes of Cr III are more readily absorbed (approxi-
mately 2% to 10% for Cr VI and 10% to 25% for organic complexes of
Cr III) {(U.S. EPA, 1985L:, . -

-
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° In humans administered 20 ng of Cr III as 51CrCl3 in water, 0.5% of the
dose was recoversd in the urine, indicating little absorption (Donall- -
son and Berreras, 1966). 1In rats, Mertz et al. (19653) reported 2% to iy
3% absorption of Cr{III) based on total bady counting of animals admin-
istered ’CrC13 by intubation at deoses ranging from 1.5 to 100 ug/kg.

° GTF, an organic complex of Cr III with nicotinic acid and an amino
acid that is found in brewer's yeast, was absorbed in rats at 10% to
25% of the administered dose (Mertz, 1976; Mertz et al., 1978). ] ro,

° An estimate of 2.1% absorption of Cr VI based on recovery in urine was
reported for humans administered 20 ng of N3251Cr04 in water (Donaldson
and Barreras, 1966)e

® Rats administered drinkiag water containing 25 mg/L Cr III as chromic
chloride had 12.5 times greater tissue levels of chromium than rats.
whose drinking water contained 25 mg/L Jr VI as botassium chromate

{Mackenzie et al., 195&8}.
Distribution

Depending on the particular compound {=2.g9., GTF] Cr III and Cr VI
differ in their distributien within an organism; in general Cr III crosses
membranes much more slowly than Cr VI (U.S. EPA, 1985]):

° Chromium circulates in the plasma primarily in a nondiffusible form.
A small fraction (9% to 12%) is in a more diffusible form which is
filtered and partially reabsorbed in the kidney (Tollins et al.,
1961). An approximate plasma half-life of & hours for 5'Cr III in
rats was reported by Hopkins (13263} after intravenous administration

of either Q.1 or 1.0 ug/kg.

° Cr III has an affinity for iron-binding proteins (Gray and Sterling,
1950; Hopkins and Schwarz, 1964). : '

® The spleen and kidneys were shown ty have the highest concentrations
of chromium when rats were administered ¢r III as chromium chloride
in intravenous doses of Q.1 or 1.0 ug/kg (Hopkins, 1965). Similar
results were reported by Mackenzie et al, (1958) when rats received
drinking water ceontaining 25 mg/L of either Cr III as chromic
chloride or €r VI as potassium chremate. The calculated doses were
1.87 mg/kg/day far males and 2.41 mg/k3/day for females.

¢® The placenta appears to be highly selectiwve in 1ts permeability to
the various forms of chromium. Inoryanic Cr 1II administered as
S’CrC13 {(chromium chloride) intravenously or by stomach intubation o
does not cross the placental barrier te an appreciable extent in rats
(Martz et al., 1969). Howewer, Cr III administered by stomach
intubation to pregnant rats in the form of GTF (obtained from yeast)
is recovered readily from the fatus (Mertz and Roginski, 1971). The
dosages in these two studies were unspecified,
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Cr VI traverses biological membranes by diffusion or facilicated
transport, possibly via an anion transport system (Alexander et al.,
1982), It is reduced to Cr III intracellularly by the cytochrome

P-450 system in the presence of NADPH., Cr III reacts with nucleophilic
ligands and cellular macromolecules (Gruber and Jennette, 1978}).

Metabolism

° The metabolism of chromium in mammalian species is not well under-
stood and is complicated by the presence of the two oxidation states,

Cr III and Cr VI (U.S. EPA, 1985].

Excretion

!

The kidney apoears to be the principal route of excretion of chromium
compounds:

° Th2 urinary systen is the major excretory route for absorbed chromium,
accounting for 80% or morzs of chromium excretion (Kraintz and Talmage,
1952). Very little is known about the form in which chromium is
excreted.

After intravenous administration, chromium is also excreted in the
feces, although reports in the literature vary consiisrably on the
percentage. Hopkins {1965) reported that 0.5% to 1.7% of the inizial
dose of Cr III was excreted in the feces of rats eight hours alter
intravenous administration of 51CrC13 at 0.1 ug/100 g.

1V. HEALTH EFFECTS

Humang

In general, Cr VI compounds are more toxic than Cr III compounds:
° The toxicity of chromium has been attributed primarily to Cr VI, which
nas been shown to produce liver and kidney damage, internal hemorrhage,
dermatitis and respiratory problems. The immediate symptoms are
generally nausea, repeated vomiting and diarrhea {U.S. EPA, "1983).

® Doses of 0.5 to 1.5 g of KyCr 07 have been fatal in humans. The
estimated LD; s for KxXr,0y in children is 26 mg/kg {Cr VI at 9.2
mg/k3} (NIOSH, 1983).

Subchrenic and chronic dermal exposure to Cr VI in the form of chromic
acid may cause contact dermatitis and ulceration of the skin (Burrovs,
1878). For example, Denton et al. (1954) reported information on an
individual vho was patch-tested on three occasions with 0.003%
potassium dichromate solution and the filtrate of two cement samples
which contained C.000%% and 0.0004% Cr VI. The individual repeacedly
showed a positive erythematous, edematous, papulovesicular patch-tas:
reaction to each test solution.

c-5
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® Chronic inhalation of dust or air containing Cr VI may cause respira-
tory problems including perforated or ulcerated nasal septa and
decreased spirometric values (9.S. EPA, 198S). For example, Bloomfield
and Blum (1928) reported perforated/ulcerated nasal septa and inflamed
nasal mucosa in workers exposed to chromic acid (Cr VI) (0.1 to S.6
mg/m3 air) for one week to three years,

Animals

Short-term Exposure

In general, Cr VI compounds are more toxic than Cr III compounds:

® The oral LDgy for various salts of Cr IXI range from 600 to 2,600 =g/ kg
(Smyth et al., 1969).

Rats were exposed to drinking water containing Cr VI {KxCrOy) at levels
of both 80 and 134 mg Cr VI/L for 60 days (8.3 and 14.4 mg Cr Vi/kg/day
respectively) without adverse effect {Gross and Heller, 1946) .

Long-term Exposure

In a one year rat drinking water study, consumption of water containing
0 to 25 mg/L of either Cr III (CrCly) or Cr VI ({KxXrQq) (O to 1.87
mg/kg/day for male rats and O to 2.41 mg/kg/day for female rats)
produced no significant differences in weight gain, appearance oT
pathological changes in the blood or sther tissues (Mackenzie et al.,
1958)}. NOAELs of 1.87 mg/kg/day (males) and 2.41 ng/k3y/day (females)
can be identified from the results of this study.

® 1n a rar drinking water study in which S mg/L Cr III (about 0.42
mg/x3/day) was administered from the time of weaning until death, no
adverse effects were observed (Schroeder et al., 1963). A NOAZL of
0,42 mg/kg/day can be identified from the results of this study.

° In a four year female dog drinking water study (five dose groups with
two animals per group), Cr VI (KCrOg) at 0.45 to 11.2 mg/L (0.012 to
0.3¢ mg/kg Cr VI) was without effect in terms of changes in physical
condition, food consumption, growth rate, organ weights, urinalysis

can be identified from the results of this study (Anwar et al., 1961}.

Reproducﬁive Effects -

-

effects of chromium.

Developmental Effects

No information was found in the available literature on the develoo-
3 7 mental effects of chromium. :

C-6
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° The oral Loso'cf Cr VI (as NaCr07) in rats is 19.8 mg/kg (NIOSH, 1983).

results and hematological analysss. Therefore, a NOAEL of 0.30 mg/k5/day

No information was found in the available literature on the rapraductive
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Hutagenicity

Q

The genotoxic effects of chromium are well documented both in in vivo
and in vitro studies. .The pathway by which chromium exerts thase
effects is believed to involve penetration of the cell membrane by

Cr VI, followed by intracellular reduction to Cr III. Extracellular
Cr III crosses the cell membrane, but less efficiently. Once inside
the cell, Cr III can form tight complexes with DNA, accounting for
its mutagenic potential (U.S. EPA, 1985).

° Compounds of both Cr III and Cr VI increase non-complementary nucleo-
tide incorporation into DNA {Raffetto et al., 1977; Majone and Rensi,
1979), with Cr VI producing effects at lower doses. Exposure of cells
from rat liver and kidney to Cr VI leads to increased cross-linking
in DNA. Petrilli and De Flora (1978) reported positive Ames tests
for Cr VI. However, Cr III exerted no effect at relatively high
concentrations (presumably because of its inability to penetrats
cells)., Similar results wera reported by Gentile et al. (1981).,

° The difficulty of observing mutagenic effects of Cr III may be relazed
to its slignt uptak2 by cells under most conditions., Warren et al.
(1981}, studied the mutagenicity of a saries of hexacoordinate Cr ILI
compounds and concluded that, in the proper ligand environment, ths2
metal possesses considarable genetic toxicity.

Carcinogenicity

There is inadeguate evidence to determine whether or not oral expisure
to chromium can lz2ad to cancer: ’

No increase in tumor rates over that of the control animals was

- ohsarved in rats exposed rats to Cr III {chromium oxide pigments)
at 293, 386 or 1,466 mg/kg/day in the diet for two years (Ivankovic
and Preussmann, 1975}).

While the carcinogenicity of inhaled £r VI is well established for
occupational exposure of humans (Hayes et al., 197%9), the effects
are observed only in the respiratory passages and ‘in the lungs, and
are believed to have no bearing on carcinogenic risk following oral
expasure to the metal {U.S. EPA, 1985}.

V. QUANTIFICATION OF TOXICOLOGICAL EFFECTS.

Health Adviscories (HAs) are generally determined for One-day, Ten-day,
Longer-tarm {approximately 7 years) and Lifetime exposures if adequate data
are available that identify a sensitive noncarcinogenic end point of toxicity.
The HAs for noncarcinogenic toxicants are derived using the following formula:

HA = (NOAEL or LOAEL) x (BW) _ mg /L { ug /L) .
® (UF] x {___ L/day) /L (e vy,
. C-7
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NQAEL or LOAEL = No- or lLowest-Observed-Adverse-Effect-Level
in mg/kg bw/day. !

BW = assumed bedy weight of a child (10 kg) or
an adult (70 kgl.

UF = uncertainty factor (10Q, 100 or 1,000}, in
accordance with NAS/ODW guidelines. :

assumed daily water consumption of a chili
{1 L/day) or an adult {2 L/day).

L/day

In considering the toxicity of chromium compounds, it is important to
r2alize that chromium III is an essential nutrient rejuired in trace guaatities
for normal glucose metabolism - i.e. GIF., Some forms of chromium may also be
important in the metabolism of lipids and other carbohydrates (U.S. EPA, 1933),

The Health Adviseries will pe determined on the basis of the effects 27
Cr VI measured as total chromium. Separate Health Advisories will 7ot be
established for Cr III for the following reasons:

1. Based on the work of Schroeder and Lee (1875}, there is reason to
believa that oxidizing agents (e.j. due to chlorination of watar)
may accelerate the normal conversiona o5f Tr III to Cr VI at the
point of consumption (i.e., the tap).

2. Health Advisories based on total chromium will allow for the possible
conversion of Cr III to Cr VI.

-3, As discussed in this document, there is reason to believe that Cc
VI is more toxiec than Cr III. Thus Health Advisories basai 2n 2
effacts of Cr VI will conservatively protect against the toxic
effects of any Cr I[II not converted to Cr VI

One-day Health Advisory

The available data are insufficient to develop a One-day HA far Zhiroaius.
It is recommended cthat the Ten~day HA of 1.4 mg/L be used as the One-day HA
for the 10 kg child.

Ten-day Health Advisory

Gross and Heller (1946) exposed both male and female rats for 63 days
to drinking water contalning KxrO4 at either 300 or 500 mg/L (Jr VI ac
80 mg/L and 134 mg/L, respectively). Using reported average body weights of
270 and 260 g, respectively, and assuming consuaption of 28 mL water per day,
the average ingested doses of Cr VI are calculated to be 3.3 and 14.4 =;7/%3/day,
respectively. After two months, the rats raceiving Cr vI at 3.3 mg/xg/day wera
described as normal. A “slighrt roughness of coat® w3 nntal in rats receiving
14.4 mg/kg/day, but this is not considered to be an adverse health effect; this
observation is not assaciated with other adverse health effects. . Therefore,
14.4 mg/kg/day rzpresents the NOAEL fos @r VI in this study.

39 c-8
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The Ten~day HA for a 10-kg child is calculated as follows:

Ten-day HA = 144 ma/kg/day) (10 kq} = 3,4 mg/L (1400 ug/L)
(100) (1 L/day)

where:

NOAEL based on the absence =f adveérse effects in
rats exposed to chromium in §rinking water.

14.4 mg/kg/day

10 kg = assumed body weight of a child.
100 = uncertainty factor, chosen in accordance with NAS/OLM
guidelines for use with a NOAEL from an animal study.
1 L/day = assumed daily water consumption of a child,

Longer-term Health Adviscry

Mackenzie et al. (1%58) studied the effects of chronic ingestinn af
Cr III and Cr VI in rats. Both male and female Sprague Dawley rats {34 days
old) were supplied with drinking water containing Cr as CrCli (Cr III) or as
K,Cr0,4 {(Cr VI} in a series of doses up to 25 mg/L for a period of one year.
Assuming an average weight of 375 g for males and 290 ¢ for females, anc an
average daily water intake of 28 mL {Arrington, 1972), the avacage dosa for
male: and females receiving 25 mg/L is calculatel b0 be 1.87 and 2.41 mg
Cr VI/kg/day, respectively. No significant adverse effects on appearance,
waight gain, food consumption or blood chemistry were aoced at any of the
dose levels. Hawever, the animals receiving the highest dese (25 wmg/L) of
Cr VI siowe?! an approximate 20% reduction in watar consumption.

Cr VI at 2,41 mg/kg/day was identified as the NOREL in this study. The
Longer-t2rm HAs are calculated as follows:

For a 10-kg child:

Longer-term HA = {2.41 mg/kg/day) (10 kgl - g,24 mng/L (240 ug/L}
{100){) L/3ay)

whersa:

NOAEL based on the absence of adverse effects in
rats exposed to chromium in drinking water.

2.41 mg/kg/day

10 kg

assumed body weight of a cnhild.

100 = uncertainty factor, chosen in accordance with NAS/ODW
: quidelines for use with a NOAEL from an animAl study.

1 L/day

assumed daily water consumption of a child.

e c-9
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For a 70-kg adult;

Longer-term Ha = [(2:41 mg/kg/day) (70 kg) = 35,84 mg/L (840 ug/L)
1100) (2 L/day) :

where:

NOAEL based on the absence of adverse effacts in

2.41 mg/kg/day
' rats exposed to chrcmium in drinking water.

it

70 kg = assumed body weight of an adult.

100 = uncertainty factor, chosen in accordance with NAS/OOW:
Jtidelines for use with a NOAEL from an aninal study.

2 L/day assumed daily water consumption of an adulz.

Lifegime Bealth Advisory

The Lifetime HA represents that portion of an individial's total exposurs
that is attributed to drinking water and is considered protective of noncar-
cinogenic advers: h.aalth effects over a lifetime exposure. The Lifetime #3
is derivel i1 .4 three step process. Step ' determines the Reference Dose
(RfD), formerly called the Acceptable Daily Intake (ADI}. The RED is an esti-
mate of a daily exposure to the human population that is likely to be without
appraciable risk of delsterious effects over a lifetime, and is derived from
the NOAEL {or LOAEL), il2ntified from a chronie (or subchronic) study, divided
by an uncertainty factor(s). From the RfD, a Drinking Watsr Equivalant Laval
(CWEL)} can be determined (Step 2). A DWEL is a medium-specific {(i.a., .2ziaking
water) lifetime exposure level, assuming 100% exposure from that mediam, as
which adverse, noncarcinoj=an.: izalth effeces would not be expectal o ocIur.
The 2WEL is derived from the multiplication of the RED by the assumed body
weight of an adult and divided by the assumed daily water consumnpbiu o0 an
ajulz. The Lifetime HA is determined in Step 3 by factoring in other sources
of exposure, the relative sourc: contribution (RSC). The RST from drinxing

- watar is based on actual exposure data or, if data are not available, a

value 2f 20% is assumed for synthetic orgagic chtemizals amd a value of 10%

. is assumed for inorganic chemicals. 1If the contaminant is ~classified as a
Group A or B carcinsgen, sccording to the Agency's classification scheme of
carcinogenic potential (U.S. EPA, 1986), then caution should be exercised in
assessing the risks associated with lifetime exposarz o this chemical.

The study by MacKenzie et al. (1958) (described under the f.nj2r-tern d3)
is considered aporopriate to serve as the basis for the Lifetime HA.:  The
Anwar et al. (1961} study was not selected because oi.ly two animals per dose
graup wWere used.

Usingy thee YOAEL of 2.41 my/kg/day, the Lifetime HA is derived as follows:

3t=p 1: Determination of the Reference Dose (RED)

reo = {241 mg/kg/day) = 90,0048 mg/kg/da
(100) (5) 9/kg/3ay

41 - c-10
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whera:

NOAEL based upon the absence of adverse effects in
rats exposed to chromium in drinking water.

2.41 mg/kg/day

100 = uncertainty factor, chosen in accerdance with NAS/ODW
guidelines for use with a NOAEL from an A1inal study.

5 = additional uncertainty factor to compensate for less-
than-lifatin= exposure.

Step 2: Determination of the Drinking Water BEquivaleant Level (DWEL)

(2 L/day)
whera:
0.004% nyshy = RED.
70 kg = assumed body weight of an adulrt.
2 L/day = assumed daily water consumption of an adult.

Step 3: Determination of Lifetia: Heallh k1Viso;y
Lifetime HA = (170 ug/L) (71%) = 129 ug/L
where:

170 ug/L OWEL.

]

1% assumer relative source contribution from water.

Evaluation of Carcinogenic Potential

® There is no evidence of carcinog=nic «Fff2cts following oral exposure-
to chromium. Thus, no assaessments for carcinogenic risks from oral
expasure to cheomium have been conducted. Inhalation of chromiunm,
however, is associated with an-increased fra[u=ncy of luang cancer in
humans. '

EPA's CAG has estimated the lifetime cancer risk dua to a ¢onstant
exposure to air containing 1 ug/m3 of elemental chromium to b=
1.2 x 1072 (U.S. EPA, 13813).

chraomium and certain chromium compounds in Group 3 {(Thromium VI);
sufficient evidence for carcincgenicity in humans and ani.aais,

° Applying the criteria described in EPA's gquidelines for assessment
2f carcinogenic risk (U.5, 1EPA, 1986), chromium may be classified in
Group A: Human carcinog=n. This category is for agents far «nich

¢

C"ll o . ! ] ) )

Based on exposure to chromiuym via inhalation, IARC (19B2) has classified
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there is sufficient evidence to support the causal associatinsn b=hdran
exnosure to the agents and cancer. However, as there are inadequate
data to conclude that chromium is carcinogenic via ingestion, chromium-
is dealt with here as Graipn O3: WNot classified. This category is for
agents with inadequate animal evidence of carcincgenicity.

VI. QTHER CRITERIA, GUIDANCE AND STANDARDS

Recommended or established standards for chromium in the United States
include:

S0 ug Cr VI per lite~ frr drinking water (U.S. PHS, 1962).

50 ug total chromium per liter for drinking water (NAS, 1974;
U.5. EPA, 1978).

1 ug/m3 for carcinegenic forms of €r VI in workplace air (NIOSH, 1975).

25 ug/m3 TWA or 50 ug/m3 ceiling for non-carzinogenic forms of Cr VI
in workplace air (NIOSH, 1973).

The recommeri=! Anbiant water quality'criterion for Cr VI is 30 ug/L
(U.s. EPA, 1980}.

An 2stimated adeguate and safe intaks lor zhromium of 50 to 200 ug/day
for adults has been estanhlished (MAS, 1980a,b). This range is based
on the absence of siy1s of chromium deficiency in the major portien

of the U.S. population which consumz; an av=rag2 of 60 ug of chreomium
per day.

The OSHA 8-hour time-weighted average exposure limit for ocivraaio,

soluble chromic, and chromous salts as chromium is 0.5 mg/m3 (03H3,

i985).

VII. ANALYTICAL METHODS

W
4%

Determination of chromium is by atomic abs.rntion {AA) using either
direct aspiration into a flame (U.S. EPA, 1979a) or a furnace techaigue
(U.S. EPA, 1979n).

Tha Jdir2ct aspiration AA procedure is a physical method based on the
absorption of radiation at 357.9 nm by chromium. Th2 samplz is
aspirated into an air-acetylene flame and atomized. A Livgh= z2am is
dir=scted through the flame into a monochromator, and onto a detector
that measures the amount of light absorbed. Absorbance is proportional
to the concentration of chr2ai.i in the sample. The detection limic

is 50 ug/L using this procedure.

The furnas:e AL - mymlnre is similar to direct aspiration AA except
that a furnace, rather than a flame, is used to atomize th2 sample,
The detectien limit is 1 ug/L using this procedure.

c-12



_3

]
'

- _ - ‘

Chromium

March 31, 1387

-13=-

VIII. TREATMENT TECHNOLQGIES

L]

The treatment technologies that are available to remove chromium from
water include coagulation/filtration, lime softening, ion exchange and
reverse osmosis. However, the type of treatment that may be applied
is dependent on the species of chromium present.

Laboratory and pilot plant studies indicated that using ferric sulfate,
Cr III removals were near 100 percent in the range of pH 6.5 to 9.5.
Alum was less effective between pH 7.5 and 8.5, with removals around
S0 percent or better. Above and below this pH range, remcvals wera
slightly lower, 80 to 90 percent. In removing Cr VI, laboratory and
pilot-plant tests confirmed that of the three coagulants used, only
ferrous sulfate was effective. With alum and ferric sulfate, Cr VI
removals did not exceed 30 percent. By comparison, ferrsus sulfate
coagulation achieved 90 percent removal or better (U.S. EPA, 1977) .

Results of jar and pilot-plant tests indicate that Tr III removal
efficiencies with lime sofrening were approximately 72 percent at pi
8.5 to 9.5 and greater than 99 percent at pH 11 to 11,5. Resuylcs
with Cr VI in the same tests in all cases were less than 10 percent
(U.S. EPA, 1977; Sorg, 1979).

Since Cr III occurs in cationic species and Cr vI in anionic species,
a cation exchanger in series with an anion exchangér may be reguired

for their removal. Renoval of Tr VI from sewage (Sorg, 1979), industrial

wastewater, rinse watars from chromium plating operations (Miller

and Mindler, 1978), cooling tower blowdown (Richardson et al., 1963d:
Miller and Mindler, 1978), and metal recovery (Sussman et al., 1945}
has been demonstrated. Laboratory tests on a Simulated Arizona welli
water {TDS 174 mg/L, pH 7.85) having 0.019 mg/L of Cr VI showed 2
breakthrough of Cr VI at roughly 12,000 bed volumes (U.S. EPA, 1982},
Reports concerning industrial wastewater treatmhent indicate that ion
exchange can successfully remove Cr III to below 0.05 mg/L {Patterson,
1975}, Strong acid cationic resins have been used for removing <r
III as a contaminant from metal plating rinse waters and from chromata
treated cooling waters. Vendor information indicakes that operating
pH levels of betweenh 6 and 8 are adequate for €~ III removal with pH
above 7 being slightly better than pH below 7 {(Rohm and Haas Ce.,
1980}. Ion exchange softening using standard strong acid synthetic
resins operating in the sodium cycle should effectively remove Cr
III with 90 percent or greater efficiency (Amore, 1977). 1In tests
of home softeners with tap water spiked with 1 mg/L of chromium
nitrate, the chromium content continued to he reduced to 0.020 mg/L
after 192 cycles, at which point the test was discontinued.

Reverse osmosis (RO) membranes can efficiently remaove from 92 toc %9
percent of the chromium in a feed water source (Fox, no date; Mixon,
19737 Johnston et al., 1978). Pilot plant tests using both cellulnse
acetate and hollow fiber {polvamide) membranes demonstrated their
effectiveness in removing both Cr III and Cr VI. Cr I1II removal
ranged from 90 to 98 percent.and Cr VI removal ranged from 82 to 97
percent. Slightly better removal was achieved with the hollow fiber
than with the cellulose acetate membranes (Fox, no datel.

c-13 : ol .
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Dermal Contact and Ingestion of Soil at the Disposal Site
(Current/Baseline Conditions)

Constituent/Concentrations: Maximum reperted concentration

of chromium in the s01l.

Area of Contact: The surface area of the hands, feet, face,
and neck of an adult. surface skin areas used £for the
exposure scenario were derived from:

U.S. Environmental Protection Agency (EPA)} 1984. Review
of Dermal Absorption, Exposure Assessment Group, Office of
Health and Environmental Assessment, Office of Research and
Development, October 1984.

Body Weight: 70 kg (adult). This data was obtained from the
Superfund Exposure Assessment Manual, January 14, 1986.

Soil Consumption: 10 mg. This value was obtained from the
Superfund Exposure Assessment Manual, January 14, 1986.

Soil Adherence Factor: 1.45 mg/cmz. Data describing dust
adherence to skin are limited, although experimental wvalues
for (soil-related} dust adherence were reported by the Toxic
Substance Control Commission of the State of Michigan
(Harger, 1979). Commercial potting soil adheres to the land
at 1.45 mg/cm” .

Absorption Factor: ({intestinal). The soil absorption factor
was based on the highest absorption factor reported for
chromium +3 inthe gastrointestinal tract.

Health Advisories for Legionella and Seven Inorganics,
U.S. Environmental Protection Agency, Office of DPrinking
Water, March 1987.

Exposure Scenario Assumption: The proposed exposure scenario

is hypothetical and does not reflect actual conditions
observed at the site. The exposure scenario is considered a
liberal exposure estimate since it takes into account both
so0il ingestion and dermal <contact in an area that is
restricted.
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-Dermal Contact and Ingestion of Groundwater
{Current/Baseline Conditions)

Constituent/Concentration: The maximum reported concen-
tration of chromium. The exposure scenario assumes that the
human receptor has access, i.e:, a potable supply well
intercepting the contaminated ground water.

Water Consumption: 2 L/day {(adult). This data was obtained
from the Superfund Exposure Assessment Manual, January 14,
1986.

Body Weight: 70 kg {adult). This variable was obtained from
the Superfund Exposure Assessment Manual.

Water Flux 0.5 m/cm’ ~hour. The pater flux through the skin
was taken to be between 0.2 mg/cm ~hour and 0.5 mg/cm -hour.
These values were o¢obtained from the Review of Dermal
Absorption (U.S. EPA, 1984).

Absorption Factor: 3% (skin). The absorption factor for
chromium on the skin was obtained from the maximum reported
range in the gastrointestinal tract.

Exposure Scenario Assumption: The ingestion of ground water
from the shallow aquifer will most likely never occur on or
near the disposal area. Consideration of this exposure
scenario in the RA is strictly hypothetical and is presented
to satisfy health risk considerations in the endangerment
assessment process. The availability o¢f a municipal water
supply further substantiates the hypothetical nature of this
exposure scenario.

653/19
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Inhalation of Fugitivé Dust in Air
{Current/Baseline Conditions)

Constituent//Concentration: The maximum reported concentra-
tion of chromium in the air as fugitive dust was extrapclated
from the analysis of so0il samples at the site. The
concentration o0f chromium used in the exposure scenario was
based on the worst-case assumption that the highest
concentration of dust  that can be suspended in air 1is
approximately 10 mg/ma. Based on this assumption, th%'
concentration was derived for the equation (2.02 x 107
mg/m3) by converting the soil concentration of chromium to
suspended dust.

Inhalation Rate: The inhalation rate of 20 ma/day wasg
obtained from the Superfund Exposure Assessment Manual,
January 14, 1986.

Body Weight: 70 kg (adult). This value was obtained from
the Superfund Exposure Assessment Manual, January 14, 1986.

Percentage Absorption: The exposure scenario assumes that
all of the chromium inhaled is absorbed by the body.

Exposure Scenario Assumptions: The exposure Scenario assumes
that a resident (adult) would be exposed to fugitive dust
emanating from the site all day.
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SOIL DERMAL CONTACT/INGESTION: DAILY EXFPOSURE

EQUATION

L st Bt b B ot P BN Ik AL NS PN b P Py Pt P b o Pt B g gt DS ke b P o 2 Ptk E S Pt

Chronic Daily Intake = Soil concentration (mg/kg) x

(CDI) N
"Sikin surfabe area  (sq7cm)
;_ Body weight (kg)
Soil adherence factor (mg/sq cm/day) X
Absorption factor +
Soil consumption (mg/day) ! >
Body weight (kg) _;
Unit conversion factoer (kg/mg)
Example Calculation for Chrom1?mJIII WJ,423§7
CDI = 3.5000 mg/kg x 63%90 OO—EQMET_/O 70.00 kg =x
1;7q£§i45\ mg/sq cm/day X 1.00 +

FPRL®
10.00 mg/day / 70.00 kg) x 0.000001 kg/mg

= 0.00024628 mg/kg/day
J.00(%

Daily Exposure Summary

r Concentration DI
Constituent (mg/kg) (mg/kg/day)
Chromium III 3.5000 0.00024628
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SOIL DERMAL CONTACT/INGESTION: DAILY EXPOSURE

EQUATION

Health Risk Ratio = Chronic Daily Intake (mg/kg/day) /

Reference Dose (mg/kg/day)

Health Risk Ratio Summary

Reference Health
I , CDI Dose Risk
Constituent (mg/kg/day) (mg/kg/day) Ratio
l Chromium III .00024628 1.0000000 0.0002
hTotal Health ‘Risk Ratio 0.0002
0, 0019
vt

NI EHDh N BN By B R Ee N
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I
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GROUND-WATER DERMAL CONTACT/INGESTION: DAILY EXPOSURE

EQUATION

At P Pt o g Pl P P P P o ) S Pk Pt D 8 o ot I Pt T Pf P Pk P PPt b P Pt I o b Pt

Chronic Daily Intake = Ground-water concentration (mg/L) x
(CDI) e
v Sk1n*surﬁggg_grea,,4sq~cmp X
;_ body weight (kg)
Water fiux (mg/sq cm/hr) X
Absorption factor x
Exposure duration (hrs/day} x
Unit conversion factor (kg/mg) +
Water Consumption (L/day)

St Pk B Pt B Fo P Pl PP ok Bt A ok IA PSP Sl b A Pk P L St St I Pp

Body weight (kg)

L]
L]
]
1)
]
L}

Example Calculation for Chromium III

e —
CDI = 2.95000 mg/L x (1 ) 00 00 sqem 4 70.00 kg x
\_‘h_‘—'—*_‘
0.50 mg/sq cm/hr X ~1.00 x 0.20 hrs / day
0.0000061 kg/mg + 2.00 Lsday 7 70.00 ka?

= 0.07151339 mg/kg/day

Daily Exposure Summary

Concentration CDI
Constltuent (mg/L) {mg/kg/day)
Chromium III ' 2.5000 0.07151339
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GROUND-WATER DERMAL CONTACT/INGESTION: DAILY EXPOSURE

EQUATION

l et o 0 v ot b 0 8t 8 8 0 0 8 It 0 8 0 8 8 £ 8 8 8

Health Risk Ratio = Chronic Daily Intake (mg/kg/day) /

Reference Dose (mg/kg/day)

Health Risk Ratio Summary

' Reference iealth
CDI Dose Risk
Constituent (mg/kg/day) (mg/kg/day) Ratio
Chromium III 0.07151339 1.0000000 0.0715

Total Health Risk Ratio ' 0.0715

@
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AIR INHALATION: DAILY EXPOSURE

EQUATION

Pt AL Pt S Pt B D SNt S P Pt PP Ik I I PAE S Pk B Po? A A R S P I ok L Pt SNL P it b b Pt

Chronic Daily Intake = Alr concentration (mg/cubic meter} x

(CDI)
Inhalatlon rate (cubic meters/hr)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ %
Body weight (kqg)
Exposure duration (hrs/day)
Example Calculation for Chromium III
L0002 89 .
CDI = 0.000020200000 mg/cubic meter x
L/2.80 cubic meters/hour / 70.00 kg %
v 24.00 hrs / day
0:00p8 %
= 0.00001939 mg/kg/day
Daily Exposure Summary
Concentration Cbl
Constituent (mg/cubic meter) (mg/kg/day)
Chromium III 0.000020200000 0.00001939
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. AIR INHALATION: DAILY EXPOSURE

T L T U T T R T Y o d

Health Risk Ratio = Chronic Daily Intake (mg/kg/day) /

Reference Dose (mg/kg/day)

Health Risk Ratio Summary

I EQUATION

Reference

CDI Dose
l Constituent (mg/kg/day) (mg/kg/day)
I Chromium III 0.00001939 1.0000000

Health
Risk

A D Pt Pt P B P i P Pt D

£.00001929

hl‘otal Health Risk Ratio
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0.00001939
0,000



