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Risk assessment involves establishing scientifically
defensible dose-response relationships for end points
of concern. For Cr(VI)-contaminated soils, this in-
cludes conducting dose-response assessments for
blood, liver, and kidney toxicity following oral expo-
sure; lung cancer following inhalation exposure; and
allergic contact dermatitis following dermal exposure.
This dose-response information is then integrated
with a site-specific exposure assessment (or default as-
sumptions) in order to develop a site-specific (or ge-
neric) soil criterion within the framework of a compre-
hensive risk characterization. Risk managers develop
cleanup standards designed to protect against all pos-
sible adverse effects, taking into account these site-
specific (or generic) criteria and other factors such as
technical feasibility, cost-benefit analyses, and socio-
political concerns. Recently a push for cost-benefit
analyses of environmental decisions has occurred, fur-
ther supporting the need for risk assessors to prepare
a comprehensive risk characterization, with its atten-
dant uncertainties. These risk assessment and man-
agement issues are brought to the forefront by risk
assessors and risk managers dealing with Cr(VI)-con-
taminated soils. This article offers a review and analy-
sis of the risk characterization of Cr(VI)-contaminated
soils, showing that the differing toxicities with route
of exposures do not necessarily lead to different char-
acterizations of risk. Soil concentrations in the range
of 130 to 450 ppm appear to protect against noncancer
toxicity from oral exposure, cancer toxicity from inha-
lation exposure, and allergic contact dermatitis from
dermal exposure. o© 1997 Academic Press

INTRODUCTION

Chromium: Background information. Chromium
can exist in multiple valence states, with trivalent
[Cr(IIT)] being most common. Chromium (III) is a natu-
rally occurring element which is an essential nutrient
for humans and other species (NRC, 1989). Cx(IIl) is

the form found in biological systems and is the form
found in foodstuffs and nutritional supplements. Its
primary biological role is in the potentiation of insulin;
chromium also plays a role in nucleic acid metabolism
and gene expression. It has not been shown to be car-
cinogenic and is associated with a very low degree of
toxicity; intakes even 1000-fold higher than the recom-
mended intake level have not been associated with ad-
verse effects (Anderson, 1994).

Concern may be warranted, however, for excessive ex-
posure to hexavalent chromium [Cr(VI)], which is a
known human carcinogen by the route of inhalation
(EPA, 1996a), can elicit allergic contact dermatitis (ACD)
(Menne and Maibach, 1991), and is associated with
greater toxicity than the trivalent form (Dourson, 1994).
Cr(VI) is a strong oxidizing agent and is found most often
linked to oxygen as either the chromate (Cr,0%") or the
dichromate (Cr;O%7). While Cr(VI) poses more of a hu-
man health hazard than its trivalent analogue, it is not
typically found to be naturally occurring in the environ-
ment. Nevertheless, Cr(VI) is found at high concentra-
tions in some regions of the country, most notably areas
in New Jersey where chromite ore processing operations
were in existence (Chromium Information Exchange,
1995). These facilities, located in Hudson County, New
Jersey, utilized a process to extract chromium from chro-
mite ore. The residue, which can contain up to 5% chro-
mium which cannot be extracted, was often used as fill
material in the development of residential, commercial,
and industrial sites. The vast majority of the chromium
that persisted in the residues was in the trivalent form,
but some hexavalent was also present. Because of its
use as fill material in construction sites, it is now found
throughout regions of Hudson County, and risk manag-
ers are posed with the difficult question of determining
at what level it is acceptable or, alternatively, to what
level it should be removed from soils.

The risk assessment paradigm. The National Re-
search Council (NRC, 1983, 1994) risk assessment par-
adigm defines the four classical components of the risk
assessment process: hazard identification, dose-re-
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sponse assessment, exposure assessment, and risk
characterization. Each of these components is de-
scribed herein to varying extents, with emphasis placed
on issues pertaining to dose—response assessment and
risk characterization for Cr(VI). -

The importance of risk characterization has been
highlighted by the 1995 guidance document issued by
EPA (1995a). In addition to providing guidance on the
process of risk characterization, this document also ad-
dresses issues surrounding the division between risk
assessment and risk management. Of particular rele-
vance to the case of Cr(VI)-contaminated soils are two
guiding principles laid out in this document, which are
excerpted at some length below in accordance with
their importance to this article:

1. Risk assessors and risk managers should be
sensitive to distinctions between risk assessment
and risk management.

For the generators of the assessment, distinguishing between
risk assessment and risk management means that scientific
information is selected, evaluated, and presented without
considering issues such as cost, feasibility, or how the scien-
tific analysis might influence the regulatory or site-specific
decision. . . .

For users of the assessment and for decision-makers who
integrate these assessments into regulatory or site-specific
decisions, the distinction between risk assessment and risk
management means refraining from influencing the risk de-
scription through consideration of other factors—e.g., the
regulatory outcome—and from attempting to shape the risk
assessment to avoid statutory constraints, meet regulatory
objectives, or serve political purposes. Such management
considerations are often legitimate considerations for the
overall regulatory decision . . ., but they have no role in
estimating or describing risk. . . . Matters such as risk as-
sessment priorities, degree of conservatism, and acceptabil-
ity of particular risk levels are reserved for decision-makers
who are charged with making decisions regarding protection
of human health.

2. The risk assessment product, that is, the risk
characterization, is only one of several kinds of
information used for regulatory decision-making.

As authorized by different statutes, decision-makers evalu-
ate technical feasibility . . ., economic, social, political, and
legal factors as part of the analysis of whether or not to
regulate, and, if so, to what extent. For this reason, risk
assessors and managers should understand that the regula-
tory decision is usually not determined solely by the outcome
of the risk assessment. [For example], assessment efforts
may produce an RfD for a particular chemical, but other
considerations may result in a regulatory level that is more
or less protective than the RfD itself.* ’

HAZARD IDENTIFICATION

Humans may be exposed to soil-borne chromium by
multiple routes, including inhalation, oral, and dermal,

! See also Barnes and Dourson (1988) for a comparison of regula-
tory doses and reference doses.

providing several possible bases for cleanup standards
for chromium-contaminated soils. Additional expo-
sures may occur as the result of fate and transport of
chromium through environmental matrices (e.g., leach-
ing into groundwater, uptake into vegetation which is
consumed). These are considered to be indirect expo-
sures and are not considered here.

Following is a brief description of the potential haz-
ards posed to human health as a consequence of direct
exposure by various routes to chromium-contaminated
soil. Because of the ability of Cr(VI) to be reduced to
Cr(I1I) in the environment, both forms are discussed
with regard to toxicity.

By the oral route, Cr(Ill) is an essential nutritional
element with a very low degree of absorption from the
gastrointestinal tract. Donaldson and Barreras (1966)
reported a mean absorption efficiency of 0.5 + 0.3% in
human volunteers. Even ingestion of large amounts
has not been shown to result in toxicity (EPA, 1996a).
Ingested Cr(VI) is associated with a somewhat greater
absorption: 2.1 = 1.5% in the study by Donaldson and
Barreras (1966). However, Cr(VI) is readily reduced to
trivalent chromium in acidic solutions, so that ingested
Cr(VI) which ends up in the acid milieu of the stomach
is reduced to Cr(III) prior to uptake (O’Flaherty, 1994).
Only intakes that exceed the reducing capacity of the
stomach would result in significant absorption of
Cr(VI) across the gastrointestinal mucosa. At such
large doses, Cr(VI) has resulted in toxicity to the blood,
liver, and kidney (Fristedt et al., 1965; Kaufman et al.,
1970; Zhang and Li, 1987).

By inhalation, Cr(III) has not been shown to pose a
human health hazard. Exposure to Cr(VI) by inhala-
tion, however, can cause both cancer and noncancer
toxicity. The noncancer effects include diffuse nasal
and bronchopulmonary effects, which are primarily a
result of the corrosive properties of Cr(VI) at the site
of contact (reviewed in WHO, 1988). Lung cancer inci-
dences have been found to be elevated in workers ex-
posed occupationally to Cr(VI)-containing dusts (Lang-
ard, 1983) and is clearly an end point of concern for
Cr(VI)-contaminated soils. V

By the dermal route, Cr(III) does not appear to pose
a hazard. Because of its low water solubility, there is
negligible absorption of Cr(III) through the skin (Bur-
rows and Adams, 1990). Cr(VI), on the other hand, has
been known for decades to elicit an ACD in sensitive
individuals (reviewed in Stern et al., 1993; Pausten-
bach et al., 1992). Because of the allergic nature of this
reaction, it can occur in some individuals at very low
concentrations. At higher concentrations, Cr(VI) may
elicit dermal effects (of an irritant nature) in the gen-
eral population; ACD, however is a potential problem
for only a small percentage (i.e., 0.1-1%) of the popula-
tion (Hostynek and Maibach, 1988; Paustenbach et al.,
1992; Nethercott et al., 1994).
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DOSE-RESPONSE ASSESSMENT

Oral exposure. As more fully explained in EPA
(1996a), the reference dose (RfD) for Cr(IIl) is 1 mg/kg
day, which is equivalent to an intake of 70 mg/day for
a 70-kg adult. This assessment is based on a chronic
study in rats (Ivankovic and Preussmann, 1975) in
which the highest dose, 5% Cr;0; in the diet, was a no
observed adverse effect level NOAEL).?2 Groups of rats
(60/sex) were given CryO; baked in bread at dietary
levels of 0, 1, 2, or 5% for 5 days/week for 120 weeks.
The highest concentration was equivalent to a total
intake of about 1800 g Cr,0s/kg body wt over 600 days.
This NOAEL was adjusted to account for the proportion
of Cr in CryO3 (68.5%) and divided by the exposure
period of 600 days (X5/7 days to account for a 5 day/
week exposure protocol) to result in a NOAEL of 1468
mg Cr(IIl)kg day. This NOAEL was divided by an un-
certainty factor (UF) of 100 (10-fold each for intra- and
interspecies extrapolation) and a modifying factor of 10
to “reflect uncertainties in the NOAEL.” The resulting
RfD, rounded to 1 significant figure, is 1 mg/kg day;
this level is 350- to 1400-fold higher than the estimated
safe and adequate daily dietary intake (ESADDI), indi-
cating that Cr(IlI) does not appear to present a human
health risk following ingestion of even significant
amounts (EPA, 1996a). In fact, Cr(IIl) is an essential
element for which the majority of Americans have a
suboptimal intake. Typical intakes are in the range of
25-33 ug/day (Anderson and Kozlovsky, 1985). This is
only about half of the lower end of the daily intake
(ESADDI of 50—-200 ug/day) recommended by the Food
and Nutrition Board of the National Research Council
(NRC, 1989). In both humans and laboratory animals,
intakes far above the ESADDI have been shown to be
without adverse effect.

As more fully explained in EPA (1996a), the RfD for
Cr(VI) is 5 X 107% mg/kg day, which is equivalent to
an intake of ~0.4 mg/day for a 70-kg adult. This assess-
ment is based on a l-year drinking water study in
Sprague—Dawley rats by MacKenzie et al. (1958). The
rats (8—10/sex/group) were provided drinking water
containing 0, 0.45, 2.2, 4.5, 7.7, or 11 mg/L Cr(VI) (as
KoCrO,). No adverse effects were apparent in this
study in any group of animals. In a second study, the
authors provided drinking water containing 25 mg/L
Cr as either a hexavalent form (i.e., K,CrO,) or a triva-
lent form (i.e., chromic chloride). Although tissue con-
centrations of chromium were ~nine-fold higher in the

21t is noted that this is also the predominant form of Cr(III) in the
New Jersey soils contaminated with chromite ore processing residue.

3The critical study was conducted primarily to investigate the
carcinogenic potential of Cr(III) and did not include a complete evalu-
ation of toxicological parameters. Also, the absorption of Cr(III) is
influenced by multiple factors, and may be quite variable.

rats administered the Cr(VI) compared with those ad-
ministered Cr(III), there were no adverse effects ob-
served in either group. The NOAEL from this study,
25 mg/L, serves as the basis for EPA’s RfD for Cr(VI).
Based on actual body weight and water consumption
data, this concentration is equivalent to an intake of 2.4
mg Cr(VI)/kg body wt/day. A total uncertainty factor of
500 (10 for intraspecies variability, 10 for interspecies
extrapolation, and 5 for less-than-lifetime exposure)
was applied to yield the RfD of 5 X 1072 mg/kg day.

Inhalation exposure. Cr(III) is not associated with
toxicity from the inhalation route, perhaps because it
has not been well studied independently of Cr(VI). The
authors do not conduct a dose—response assessment
for Cr(III) as a result.

Inhalation of Cr(VI) dusts has been associated with
both noncancer and cancer effects. The noncancer toxic-
ity is related to the corrosive properties of Cr(VI) and
is manifested as diffuse nasal symptoms at the point of
contact. Lindberg and Hedenstierna (1983) conducted a
study on 100 workers in a chrome-plating operation
and reported on the occurrence of nasal mucosal atro-
phy in workers exposed to Cr(VI) mists. EPA developed
a reference concentration (RfC) based on this study,
but has since withdrawn this risk value. For noncancer
effects, Finley et al. (1992) have suggested that the
Lindberg and Hedenstierna (1983) study may be useful
for setting an RfC for Cr(VI) mists, but not dusts which
would be more commonly encountered in environmen-
tal exposures. For Cr(VI) dusts, Finley et al. (1992)
contend that the available human data are not suitable
for a quantitative risk assessment, and propose that a
multispecies study (i.e., rabbits, guinea pigs, and mice)
by Steffee and Baetjer (1965) be used. This study in-
volved inhalation exposures of these three species to
Cr(VI) dusts (~3000—4000 pg/m?) for 5 hr/day, 4 days/
week for a lifetime. Using the concentration of 3000
pg/m? (adjusted to 357 ug/m?® for continuous exposure)
as a minimal lowest-observed-adverse-effect-level
(LOAEL) based on lung and nasal effects in 15—-25%
of the animals and an UF of 300 (10 for intraspecies
extrapolation, 10 for interspecies extrapolation, and 3
for a minimal LOAEL), the authors propose an RfC of
1.2 pg/m34

More recently, Malsch et al. (1994) have proposed
an RfC for particulate Cr(VI) using benchmark dose
methodology. They used two studies in the calculation
of benchmark concentrations: Glaser et al. (1990), in
which male Wistar rats were exposed to sodium dichro-
mate at concentrations of 50 to 400 ug/m? for 22 hr/

* Finley et al. (1992) calculated a dosimetric adjustment factor for
particle deposition (according to EPA, 1994a; Jarabek, 1994) by the
incorporation of a regional deposited dose ratio (RDDR). For this
evaluation, the RDDR was determined to be 1.0760 and therefore
has little bearing on the quantitative value of the RfC.
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day, 7 days/week for up to 90 days, and Glaser et al.
(1985), which used the same study protocol but with
concentrations of 25 to 200 ug/m®. Using the data from
these two studies combined, Malsch et al. (1994) deter-
mined a benchmark concentration of 34 ug/m?® based
on the 95% lower confidence limit on the dose resulting
in a 10% increase in lactate dehydrogenase in bron-
choalveolar lavage fluid.®* An UF of 100 (10 for intrahu-
man variability, 3.16 (half-log) for interspecies, and
3.16 for subchronic-to-chronic extrapolation) was ap-
plied, resulting in a proposed RfC of 0.34 ug/m®.

Cr(VD) has been shown to be carcinogenic following
inhalation by both humans and laboratory animals.
The EPA (1996a) has classified Cr(VI) in Group A
(known human carcinogen) based on the results of occu-
pational epidemiologic studies of chromium-exposed
workers. Chromium-exposed workers are exposed to
both Cr(III) and Cr(VI) compounds.® However, because
only Cr(VI) has been found to be carcinogenic in animal
studies, and only Cr(VI) is mutagenic, the EPA con-
cluded that only Cr(VI) should be classified as a human
carcinogen.

For cancer effects, dose—response relationships
have been established in humans for chromium expo-
sure and lung cancer. As more fully described in EPA
(19964a), an inhalation unit risk of 1.2 X 102 per (ug/
m?) was estimated using the multistage (extra risk)
extrapolation method based on the study by Mancuso
(1975) on occupationally exposed humans. The upper
95% confidence limit on a risk level of one in a million
(1 in 107%) is an air concentration of Cr(VI) of 8 X
107° pg/m®.

The cancer risk assessment for Cr(VI) results in a
107¢ risk level that is about 4000-fold lower than the
RfC proposed by Malsch et al. (1994), indicating that
basing a soil cleanup standard on the carcinogenic risk
by the route of inhalation would result in a lower basis
for the determination of soil cleanup standards than
noncancer end points arising following inhalation expo-
sure.

Dermal exposure. Cr(IIl) is not associated with der-
matitis, nor is it expected to be absorbed in sufficient
quantities to evoke systemic toxicity.

Cr(VI) can elicit two types of dermatitis. One type,
which may occur in the general population, is a primary
irritant dermatitis which results from the direct cyto-
toxic properties of Cr(VI). The other involves an immu-
nological type IV response in sensitive individuals fol-
lowing dermal exposure to Cr(VI) compounds, i.e.,
ACD. Elicitation of either dermatitis may serve as an
alternative option for setting soil standards for Cr(VI).

5 This benchmark concentration incorporates an RDDR of 2.1576.
6 Cr(III) compounds have not been reported as being carcinogenic
by any route of administration.

We investigate more fully the elicitation of ACD as one
option here.

The determination of ACD in an individual is made
by a standard patch test procedure in which the mate-
rial is put in direct contact with the skin for 24-48 hr
under occlusion. The most commonly used patch test
for determining chromium sensitivity utilizes a 0.25%
potassium dichromate patch. Recently, a number of
dermatologists have suggested that these studies be
limited to 24-hr exposures, with an obligatory reading
3 days postexposure to reduce the number of question-
able allergic responses (Brasch et al., 1995).

The prevalence of Cr(VI)-related ACD in the general
population is fairly low. Peltonen and Fraki (1983) ex-
amined 822 Finnish volunteers and found the rate of
chromium sensitivity to be 1.7%. This included, how-
ever, 110 individuals with known exposure to chro-
mium. Hostynek and Maibach (1988) estimated the
rate of chromium sensitivity in the general population
to be <1%. Paustenbach et al. (1992) gave a comparable
estimation of 0.7%, and Nethercott (1990) estimated
0.6%. However, Nethercott et al. (1994) estimated that
if these studies were reanalyzed while excluding indi-
viduals with more than 10 years of experience working
with wet cement, the prevalence of Cr(VI]) sensitization
in the general population would likely be <0.1%.

ACD is a two-step process involving an irreversible
sensitization reaction in which an immune response is
induced following absorption of Cr(VI) into the skin
and a nonpermanent elicitation reaction in which sub-
sequent exposures elicit a dermal reaction. A general
review of contact dermatitis is provided by Polak
(1983). Symptoms of contact dermatitis include ery-
thema, swelling, papules, and vesicles, with most
Cr(VI)-induced ACD involving portions of the hands
(Burrows, 1983). While other allergic dermatitis reac-
tions are transient in nature (e.g., poison ivy), Cr(VI)-
induced ACD has been noted for its persistence (Bur-
rows, 1983).

A number of studies have been conducted to deter-
mine the threshold concentration for elicitation of ACD
in sensitive individuals (see Tables 1 and 2). Several
different compounds of Cr(VI) have been studied, the
most common being potassium chromate (K,CrO,) and
potassium dichromate (K;Cr;O;). These two com-
pounds exist in equilibrium in aqueous solutions, with
the dichromate form predominating at lower pH levels.
Therefore, potassium chromate solutions are generally
buffered at higher pH levels and potassium dichromate
at lower pH levels. As discussed below, an analysis of
the dose—response data suggests that pH is an im-
portant factor influencing the response rate of ACD in
sensitive individuals. Although the number of subjects
in these studies is too small to draw definitive conclu-
sions, a higher rate of ACD elicitation from Cr(VI) ap-
pears at higher pH levels.
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TAELE 2

Cumulative Perceniage of Dermatitis in Sensitive Individuals as a Function of Chromate Exposure
via Occluded Patch Tests and pH of the Testing Solution
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Note. Concentrations are as ppm chromium.

Zelger (1964) conducted 24-hr patch testing studies
in 33 Cr(VI)-sensitive subjects using four different
Cr(VI) compounds: potassium chromate (buffered to pH
11.7), potassium dichromate (pH 1.5), chromic acid (pH
11.7), and lead chromate (pH 11.7). The threshold for
elicitation of ACD was 10 ppm Cr(VI) for potassium
chromate and chromic acid, 50 ppm for lead chromate,
and 100 ppm for potassium dichromate. Also, while
100% of the subjects exposed to potassium chromate
and chromic acid responded at or below a concentration
of 500 ppm Cr(VI), only 58% of the subjects exposed
to potassium dichromate responded at or below this
concentration.”

In a similar study, Zelger and Wachter (1966) stud-
ied the reaction of 50 Cr(VI)-sensitive subjects to potas-
sium chromate (pH 11.7) and potassium dichromate
(pH 1.5). For the chromate, the threshold for ACD elic-
itation was 10 ppm Cr(VI) (8% response), with 32%
responding to 50 ppm, 64% responding to 100 ppm,
and 100% responding at levels of 500 ppm. For the
dichromate, the results also support the earlier study
by Zelger. The threshold (4% response) for the dichro-
mate was 100 ppm, with 54% responding to 500 ppm
and 100% responding to a concentration of 1000 ppm.

Skog and Wahlberg (1969) conducted a study in 46
subjects with potassium dichromate either in distilled
water (resulting in a weakly acidic solution) or in a pH
12-buffered solution. There was a clear distinction in
the dose—response relationships, with a higher per-

7 Note. Lead chromate was applied at a maximum concentration
of 100 ppm. 39% of the subjects responded at or below this concentra-
tion.

centage of responders at the higher pH exposed to the
same concentration of Cr(VI). At 10 ppm, 7% in the pH
12 group responded while only 2% in the nonbuffered
group responded. By 30 ppm, there were no additional
responders in the nonbuffered group, while an addi-
tional 14% in the pH 12 group had a positive reaction.
In the pH 12 group, 90% of the subjects responded at
or below a concentration of 400 ppm Cr(VI). At more
than twice this concentration [900 ppm Cr(VI)], only
56% of the subjects in the nonbuffered group had re-
sponded.

Wahlberg (1973) conducted a similar study using
both potassium dichromate (n = 21) and potassium
chromate (n = 31) in nonbuffered and pH 12-buffered
solutions. Results again showed that a higher response
rate resulted from exposure to the pH 12-buffered solu-
tion.

Calnan (1962) studied the response rate of 22—24
subjects exposed to patch tests containing potassium
dichromate at pH levels of 7.7 and 10.1 but did not
observe any difference in response between these two
groups (with 5-10% responding at 4 ppm Cr(VI) and
21-29% by 40 ppm). The results of this study suggest
that the effect of pH may not be apparent until levels
higher than 10.1.

A number of studies were conducted using varying
concentrations of potassium dichromate only (not
stated to be buffered). Three of these utilized concen-
trations ranging from 4 to 1800 ppm Cr(VI) as potas-
sium dichromate. Piril4 (1954) reported 1 response (of
35 subjects) at a concentration of 4 ppm Cr(VI) (the
lowest concentration tested) and 4 responses at 40 ppm.
It was noted by the author, however, that this study
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FIG. 1. Percentage of dermatitis as a function of dichromate eoncentration and pH.

was performed with test material of inferior quality
and that quantitative pipettes were not used (Piril4,
1995). Anderson (1960) reported responses (5 of 15 sub-
jects) at 40 ppm, as did Geiser et al. (1960), who re-
ported a positive response in 13 of 53 subjects at 40
ppm. Allenby and Goodwin (1983) conducted a similar
study using lower concentrations. Of 7 subjects exposed
to 0.9 ppm Cr(VI), 0 responded. Two of 14 subjects
(14%) responded to 9 ppm, and an increasing response
rate was recorded for even higher concentrations [with
29% responding at 90 ppm, 79% at 900 ppm, and 100%
at 1800 ppm Cr(VI)].

Stern et al. (1993) did a statistical analysis of these
nine separate patch test studies (data from these stud-
ies are shown in Tables 1 and 2). Stern et al. (1993)
plotted data together from patch test studies utilizing
different forms of Cr(VI) at different pH levels. They
determined the elicitation of ACD in sensitized individ-
uals to be concentration dependent with an effective
threshold of ~10 ppm Cr(VI) in solution (10 mg/L).
Stern et al. (1993) emphasize that in calculating the
threshold concentration of Cr(VI) in soil for elicitation
of ACD, the extractability of Cr(VI) into solution must
be addressed.

The present analysis of these same data led the au-
thors to agree with Stern et al. (1983) that the toxicity
data on occluded patch tests is concentration depen-
dent. However, the toxicity also appears to be pH de-
pendent. For example, Fig. 1 suggests that the cumula-

tive percentage of dichromate-induced dermatitis in-
creases from 0% at between 1 and 10 ppm to near 100%
at concentrations of about 1000 ppm. In general, low
pH’s serve to increase the concentration needed to
achieve a given level of dermatitis. However, a statisti-
cal analysis of these data was not conducted, primarily
due to the difficult interpretation of the studies from
which the data arise.

Figure 2 suggests that the chromate-induced derma-
titis is also both concentration and pH dependent. The
cumulative percentage of dermatitis increases from 0%
at between 1 and 10 ppm to 100% at concentrations of
about 1000 ppm. In general, low pH’s again serve to
increase the concentration needed to achieve a given
level of dermatitis, as an analysis of these data using
a regression based on moving averages for pH’s of 7
and 12 suggests.

Although Tables 1 and 2 and Figs. 1 and 2 suggest
that the response to chromium-induced dermatitis is
pH dependent, this is even more apparent when one
plots the concentrations associated with a 10% derma-
titis response rate, estimated from Figs. 1 and 2, as a
function of pH. These concentrations are shown in Ta-
ble 3 and Fig. 3. Figure 3 also shows a power function
regression (y = 99.817x~1%%%) of the dichromate data.
The implications of these findings seem clear: ACD re-
sponse depends on pH.

Nethercott et al. (1994) conducted a study of Cr(III)-
and Cr(VI)-induced ACD in 54 volunteers to determine
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FIG. 2. Percentage of dermatitis as a function of chromate concentration and pH.

the minimum elicitation threshold (MET) for both spe-
cies of chromium by patch-testing techniques. The au-
thors contend that earlier studies involving patch test-
ing were of limited use for quantitative analysis be-
cause the data were reported in terms of concentration
of chromium in the patch test as opposed to mg Cr/cm?
skin. In this study, 54 Cr-sensitized volunteers were
patch tested with serial dilutions of Cr(VI) (0.018 to

TABLE 3
Estimated Chromium Concentration Associated
with a 10% Cumulative Percentage of Dermatitis in
Sensitive Individuals as a Function of pH of the Test-
ing Solution

pH Dichromate (ppm) Chromate (ppm)
110
120
15
5
50
40
5

9

28

11
12
12 10

10

Note. Concentrations are as ppm chromium from Figs. 1 and 2.

4.4 pg/em? skin) and Cr(III) (0.66 to 33 ug/cm? skin)
under occlusion for 48 hr. The minimum elicitation
threshold (10% response rate) for Cr(VI) was deter-
mined to be 0.089 ug/cm? skin. For Cr(III), with the
exception of one equivocal response to the highest con-
centration tested, the results were all negative.

Nethercott et al. (1994) also conducted a supplemen-
tal study to assess whether the concentration of Cr(VI)
in the patch [mg Cr(VI)kg patch] or the mass of Cr(VI)
per surface area of the patch [mg Cr(VI)/cm? patch] was
the determining factor for whether dermatitis could be
elicited. Two different sets of patches were prepared,
with the second being 1 as thick as the first. Each patch
had the same mass of Cr(VI) per mass of patch (i.e.,
175 ppm). The thin patch, then, contained 3 the amount
of Cr(VI) per surface area in contact with the skin: 0.13
pglem? compared with 0.88 ug/cm? for the thick patch.
These patches were tested in volunteers who had pre-
viously shown a positive response to 0.88 ug/cm? (using
the thick patch). Of nine subjects tested, six had a posi-
tive response to the thick patch, and none responded
to the thin patch. This indicates that the mass of Cr(VI)
per unit area of skin is a more appropriate measure of
dose than the concentration of Cr(VI) applied to the
patch.

In a second supplemental study, Nethercott et al.
(1994) exposed volunteers who had previously shown
a positive response to 0.88 ug Cr(VI)/cm? to the same
total amount of Cr(VI) spread over a larger surface
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FIG. 3. Chromate and dichromate exposure associated with an estimated 10% dermatitis response.

area: five 0.18, ug Cr(VI)/ecm? patches placed side by elicitation at pH levels greater than 10 should not be
side. None of the four subjects had a positive response, used as the basis for a risk assessment.

indicating that subthreshold concentrations of Cr(VI) e Effect of 24- to 48-hr occlusion in patch test stud-
applied over a larger skin surface area do not result in

ies: The available patch test studies for Cr(VI) were
a positive response. In summary, the studies by Neth-

conducted by placing a Cr(VI)-containing patch in di-
ercott et al. (1994) demonstrate that the amount of rect contact with the skin, and leaving it in place for

Cr(VI) delivered to the target organ (the Langerhans 24 to 48 hours, under occlusion. The relevance of this

cell) in a given area of skin is an appropriate measure sort of exposure to those that might occur under envi-
of dose to be used in dose—response assessment for ronmental conditions is questionable. Indeed, many
allergic contact dermatitis.

dermatologists have recently recommended that such
In summary, ACD may be induced in sensitive indi- patch tests not be conducted for longer than 24 hr

viduals (0.1 to 1% of the general population) following (Brasch et al., 1995). Unfortunately, data are not avail-
dermal exposure. Many dose—response studies have able for shorter durations or for exposures not under
been conducted with varying results and interpreta- occlusion. It is reasonable to assume that exposures of
tions. Factors that should be considered in using ACD shorter duration without occlusion would be less likely
as an end point for a risk assessment include: to pose a risk of ACD than the conditions used in patch
. . .. . testing. These data not being available, however, a risk
o pH: When chromium is administered at higher pH . ’ 2
levels (i.e., >pH 10), Cr(VI)-sensitive individuals have assessment for the ACD. end point can only include
these as areas of uncertainty.
been shown to develop ACD from dermal exposure at « Most appropriate measure of Cr(VI) exposure [ppm
lower concentrations of Cr(VI). In developing a dose— ppropria’ ; Y P pp
. . vs ug Cr(VI)em?® skin]: As highlighted by Nethercott et
response relationship for ACD, then, we suggest that 1. (1994). all of th tch studi ducted i qusl
data from studies utilizing different pH levels should al. ( ), all of the patc 1 Studies CONCUCted previousty
not be combined. Furthermore, in determining which (see Tables 1 angi 2) did not actuqlly measure t.h e
dose—response relationship for ACD should be used ;I::l; I;t :}flglc‘i(a‘./;g gle::n::csr\gshaas il ‘::ilrluizrrf; ;tfislr?f)l%
in a risk assessment, the exposure-specific conditions Cr(VI) ’The results of somg of these studies are at odds
should be taken into account. For example, if exposures hi h. Aect differi ts of Cr(VI i d,
from Cr(VI)-contaminated soils are in a pH range of which may reflect differing amounts of Cr(VI) applied.

less than 10, then the dose—response data for ACD The Nethercott et al. (1994) study allows an estima-
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tion of a likely minimum elicitation threshold for ACD
and this threshold has important implications for de-
termining environmental criteria. Allergen loading
into the dermis is an operative concept in chromium-
induced dermatitis. With unlimited environmental res-
ervoirs (such as lakes), concentrations can perhaps be
used as surrogates for allergen loading. However, a
reservoir must be sufficiently large in order to maintain
its concentration as absorption through the skin occurs.
No one would disagree that a 500,000 ppm chromium
solution could not evoke a dermatitis response if the
solution was only 10 molecules (5 chromium and 5 wa-
ter), because the high concentration quickly drops as
chromium enters the skin and equilibrium is reached.
It follows that at some point, concentration in the envi-
ronmental medium is not important, and the dose to
the target cell must be estimated by some other means.

The use of ug Cr(VI)/em? skin as a measure of expo-
sure is also consistent with the assessment of exposure
described in EPA’s Risk Assessment Guidance for Su-
perfund (EPA, 1989) and as also briefly described in
the next sections.

EXPOSURE ASSESSMENT

Where available, actual exposure data can be used
in conjunction with dose—response information to actu-
ally characterize the risk to people exposed. The pur-
pose of this text, however, is to lay out a strategy to
determine acceptable soil concentrations for Cr(VI)
that would not result in toxicologically excessive expo-
sures for the relevant routes: oral, inhalation, and der-
mal. To determine acceptable soil concentrations, one
has to first start with an assumption that a given expo-
sure to Cr(VI) is acceptable. For example, by the oral
route it is typical to assume that an intake equivalent
to or less than the RfD or a 107 to a 107° upper limit,
excess lifetime cancer risk, is acceptable. Likewise, by
the route of inhalation it is typical to assume that an
intake equivalent to or less than the RfC, or an intake
of an upper limit between 10~ or 107¢, excess lifetime
cancer risk, is acceptable. For dermal exposures, how-
ever, little guidance is available in setting acceptable
risks, particularly for allergic end points. In the follow-
ing section on risk characterization, options are pre-
sented for how a risk assessor may calculate soil con-
centrations which are considered to be protective for
toxicity following each of the potential routes of expo-
sure.

RISK CHARACTERIZATION

[Or Setting Criteria for Cr(VI) in Soil]

Oral. Following oral exposure, Cr(VI) has not been
associated with a carcinogenic risk. Therefore, non-

cancer end points are used in determining acceptable
soil concentrations for oral exposure. The U.S. EPA
has developed methodology for the calculation of ac-
ceptable soil concentrations for toxic chemicals in its
Risk Assessment Guidance for Superfund (RAGS)
manual (EPA, 1989). The following equation for the
determination of an oral intake level from contami-
nated soil in residential scenarios is taken from RAGS
Exhibit 6-14:

Intake (mg/kg day)

CS x IR xCF % FlI x EF x ED
BW x AT

where

CS = chemical concentration in soil (mg/kg)
IR = ingestion rate (mg soil/day)
CF = conversion factor (106 kg/mg)
FI = fraction ingested from contaminated source
(unitless)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (period over which exposure is
averaged—days).

EPA (1989) offers the following default values for use

in this calculation:

CS = site-specific measured value

IR = 200 mg/day (children, 1 through 6 years of age)

= 100 mg/day (age groups greater than 6 years
of age)

CF = 10"® kg/mg

FI = pathway-specific value

EF = 365 days/year®

ED = 70 years (lifetime)

= 30 years [national upper-bound time (90th
percentile) at one residence]

=9 years [national median time (50th percen-
tile) at one residence]

BW = 16 kg (child average)

= 70 kg (adult average)

AT = Pathway-specific period of exposure for non-
carcinogenic effects (i.e., ED X 365 days/year)
and 70-year lifetime for carcinogenic effects
(i.e., 70 years X 365 days/year)

For the determination of a soil concentration that is

8Tt is noted that Superfund risk assessors often use an exposure
frequency of 350 days/year (assuming a 2-week period each year
when the individual is not residing at this residence). Incorporation
of a value of 350 days/year as opposed to 365 days/year does not
change the outcome of the calculation.
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protective for children, the intake is set equal to the
RfD for Cr(VI) (i.e., 5 X 1072 mg/kg day) and the equa-
tion is solved for “CS”:

5 x 1072 mg Cr(VI)kg day

(CS)(200 mg soil/day)(107° kg soil/mg soil)
X (100%)(365 days/year)(6 years)

(16 kg BW)(365 days/year)6 years)
5 x 10~ mg Cr(VI)’kg BW day

_ (CS)2 x 10™* kg soil/day)
B (16 kg BW) ’

(5 x 10"° mg Cr(VIV/kg BW day)(16 kg BW)
B (2 X 107* kg soil/day) ’

CS = 400 mg Cr(IV)/kg soil [400 ppm Cr(VI)].

CS

This is essentially equivalent to the risk-based concen-
tration of 390 ppm Cr(VI) recommended by U.S. EPA’s
Region III (EPA, 1996b). EPA Region III uses the same
equation and default values except a slightly lower
body weight for children (15 kg).

Calculation of acceptable soil concentration for
Cr(VI) for adults based on an RfD of 5 x 107® mg/kg
day is done using the same equation, but assuming an
ingestion rate of 100 mg soil/day and a body weight of
70 kg. The resulting soil concentration is 3500 mg
Cr(VI)kg soil.

Inhalation. . For inhalation exposures, a similar pro-
cess is used. As described earlier, however, the carcino-
genic risk following inhalation of Cr(VI) dusts is esti-
mated to be greater than the risk of noncancer effects.
The inhalation unit risk for cancer was calculated by
U.S. EPA to be 1.2 X 1072 per ug/m® (EPA, 1996a). At
a de minimis excess risk level of one in a million, the
associated concentration of Cr(VI) is calculated as fol-
lows,

1.2 X 1072 excess risk _ 1 X 1076 excess risk
1 pg/m? x pg/md

3

and is determined to be 8.3 X 107 ug/m? for continuous
exposure for a lifetime. In order to calculate an accept-
able soil concentration, then, one must have site-spe-
cific data or make a number of assumptions regarding
the creation of dusts and the duration of exposure. The
U.S. EPA determined a level of 270 mg Cr(VI)/kg soil
based on cancer risk following inhalation (EPA, 1996¢).

In order to reduce the cancer risk to a de minimis
level (i.e., one in a million), the State of New Jersey
recommended that soil levels should not exceed 130
ppm Cr(VI) in residential areas and 190 ppm Cr(VI) for
nonresidential areas (NJDEP, 1995a,b). These values

were calculated on the basis of both the upper-bound
carcinogenic risk (as above) and a number of assump-
tions regarding exposure scenarios, which would vary
with different sites. These soil criteria are slightly
lower than that recommended by the U.S. EPA men-
tioned above of 270 ppm (EPA, 1996c¢).

Dermal. The determination of a soil concentration
of Cr(VI) that is protective for ACD following dermal
exposure is also a consideration for a risk assessor. In
conjunction with the dose—response information, the
risk assessor must evaluate the conditions under which
one might be exposed to see how these relate to the
experimental conditions used in the studies used to
support the dose—response assessment. For the case of
Cr(VI), several issues should be considered, three of
which have been described previously: site-specific pH
conditions, the relevance of 24- to 48-hr occluded expo-
sures to environmental conditions, and the most appro-
priate measure of Cr(VI) exposure [ppm vs ug Cr(VIY
cm? skin]. Several of the existing estimates of Cr(VI)
soil criterion described below address some, but not all
of these issues.

Bagdon and Hazen (1991) proposed a cleanup level
for total Cr[Cr(III) + Cr(VI)] in soil of 75 ppm to “avoid
undue risk of contact dermatitis.” This recommenda-
tion was made based on their analysis of several patch
test studies for which they determined a threshold
(=<10% response incidence) for ACD of 10 ppm Cr(VI)
in solution. Bagdon and Hazen made the assumption
that 10 ppm Cr(VI) in solution is equivalent to 10 ppm
in soil. Then, using data from soil samples taken from
40 sites in Hudson County, New Jersey, they deter-
mined the 95th percentile of the ratio of Cr(VI):total
Cr to be 0.14. Using this upper limit on the ratio, a soil
concentration of 10 ppm Cr(VI) is equivalent to a total
chromium concentration of 75 ppm (10 ppm/0.14).

Paustenbach et al. (1992) also evaluated multiple
patch test studies in an effort to establish a cleanup
level for Cr(VI) in soil. They determined a 10% thresh-
old response for ACD of 54 ppm Cr(VI), although they
considered this estimate to be conservative. Citing un-
published data from Wainman et al. (1992) and Shee-
han and Bono (1990), they used a value (again thought
to be conservative) of 10% for the extractability of
Cr(VI) from soil. Based on their analysis, Paustenbach
et al. (1992) recommended a cleanup standard of 350—
500 ppm Cr(VI), which they suggest is protective of
>99.84% of the general population.

The State of New Jersey recently developed docu-
ments for the risks of ACD following dermal exposure
to Cr(VI) (NJDEP, 1995¢,d). The State recommended
that, in general, soil levels should not exceed 15 ppm
Cr(VI) (NJDEP, 1995d). This preliminary value was
based on an estimated 10% elicitation threshold for
ACD and an assumption that 100% of the chromium
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VI in soil may be solubilized on human skin. The State
acknowledged that consideration of site-specific situa-
tions, or the use of different assumptions, might lead
to a higher recommendation (NJDEP, 1995f).

The issue of the most appropriate measure of Cr(VI)
exposure was brought to the forefront by Nethercott et
al. (1994) who argue that estimating the dose that will
be in contact with a given area of skin (i.e., ug Cr(VIY
cm? skin) is more appropriate than using concentra-
tions of Cr(VI) applied in patch-test studies (e.g., Ta-
bles 1 and 2). This is because the former can be used
to determine dose to the target organ and a minimum
elicitation threshold of toxic response. However, the
idea of reservoir is an important addition to the discus-
sion of Nethercott et al. (1994). In the case of bathing or
swimming, for example, the Cr(VI) water concentration
might be used directly as the determining factor for
eliciting dermatitis. Since the reservoir in these situa-
tions is essentially unlimited, the controlling factors in
eliciting ACD might be related to the concentration and
the length of exposure from which equilibrium with
the target tissue could be reached. However, certain
environmental exposures of concern, splashes and soil
contact, would not generally represent exposures to
media of unlimited reservoirs. Therefore, if one can
determine the likely threshold dose for evoking the der-
matitis in sensitive individuals by way of the Neth-
ercott et al. (1994) or similar studies, one can estimate
the “safe” soil concentration by dividing this threshold
by the upper limit of soil loading. A similar analysis
can be done for skin exposures from splashes.

For example, Nethercott et al. (1994) calculated a
soil concentration that would be equivalent to the 10%
minimum elicitation threshold for Cr(VI) using the
equation

MET (mg allergen/cm? skin)
x CF (10°® mg soil/kg soil)
SA (mg soil/cm?® skin) X BVA

soil concentration =

where

MET = minimum elicitation threshold [determined

to be 0.000089 mg/cm? skin for Cr(VI)]

CF = conversion factor

SA = soil adherence factor of 0.20 mg soil/cm? skin
(EPA, 1996c¢; average value)

BVA = bioavailability (assumed to be 100%; authors
note the conservative nature of this assump-
tion and state that lower degrees of bioavail-
ability would result in higher acceptable soil
concentrations).

Using this equation, Nethercott et al. (1994) calcu-
late an acceptable soil concentration of ~450 ppm

Cr(VI), which they suggest should not pose an ACD
hazard for at least 99.99% of the population [assuming
that 0.1% of the population is sensitive to Cr(VI) and
the MET protects 90% of those who are sensitive].

Another exposure-related issue exists as well for der-
mal effects: the extractability of Cr(VI) from soil and
the degree to which Cr(VI) in soil can be solubilized
upon contact with skin. Horowitz and Finley (1993)
conducted a study to evaluate the efficiency by which
human sweat can extract Cr(VI) from chromite ore pro-
cessing residue. The samples of residue were sieved to
obtain a uniform particle size of <500 pm, and these
samples were mixed with human sweat at 30°C for
12 hr. The sweat was then filtered and analyzed for
chromium content. No chromium was detected in sweat
incubated with residue containing 16 ppm Cr(VI). At
higher concentrations of 136 and 1240 ppm Cr(VI) in
residue, <0.1% of the Cr(VI) was extracted into sweat
yielding sweat concentrations of 0.133 ppm Cr(VI) or
less. The authors suggest that if a minimum of 10 ppm
(Bagdon and Hazen, 1991) to 54 ppm (Paustenbach et
al., 1992) Cr(VI) in sweat is necessary to elicit an ACD
reaction, these would require residue concentrations of
at least 10,000—-54,000 ppm Cr(VI) (assuming a maxi-
mum solubilization into sweat of 0.1%). They conclude,
therefore, that ACD is unlikely to occur as a result of
dermal exposure to chromite ore processing residue in
the environment.

Risk characterization summary. Risk characteriza-
tion, in essence, serves to bring together all of the infor-
mation gleaned from the processes of hazard identifi-
cation, dose—response assessment, and exposure as-
sessment into a cohesive description of plausible risks,
including a full discussion of the assumptions made
and the uncertainties inherent to the various aspects
of the assessment. Risk characterization also takes into
account site-specific considerations which may have a
bearing on projected risk levels. As discussed pre-
viously, this article is focused more on the dose-—re-
sponse and risk characterization components of the
risk assessment for Cr(VI). An exposure assessment,
other than the default assumptions used herein, can
only be done when site-specific data are provided.

By the oral route, toxicity has been observed in labo-
ratory animals chronically exposed to chromium, but
not in humans. Therefore, some uncertainty exists for
both the hazard identification and the dose—response
elements of a risk assessment for ingested Cr(VI) to
humans. Using standard EPA methodology (EPA,
1989), soil criteria are estimated as 400 ppm for chil-
dren and 3500 ppm for adults. These values appear to
be conservative, for they are based on animal experi-
ments that have not demonstrated toxicity at the high-
est dose tested.

As a result of inhaling Cr(VI) dusts, lung cancer has
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been shown to occur in humans. EPA has applied its
traditional quantitative risk assessment methodology
to Cr(VI), the linearized multistage (LMS) model, re-
sulting in a 107 risk level for inhaled Cr(VI) at 8 X
107® pg/m®. EPA derived a screening soil level of 270
ppm based on this value (EPA, 1996). NJDEP (1995a,b)
estimated an equivalent soil concentration of 130 ppm
Cr(VI) for a residential exposure scenario and 190 ppm
for a nonresidential exposure scenario, using different
exposure assumptions than EPA, All of these estimated
soil criteria are similar.

The results of any of these soil criteria are expressed
as the 95% upper confidence limit on the slope of the
linear portion of the dose—response curve in the low-
dose region. While this is a generally accepted method
for expressing low-dose risk, the risk assessor should
acknowledge that the use of the 95% upper confidence
limit likely introduces a fair degree of conservatism
into the resulting estimate. Ideally, the results of the
cancer risk assessment should be presented in a way
that includes the maximum likelihood estimate of the
slope as well as the 95% upper confidence limit. Of
course, the use of the LMS model as opposed to any
other model which fits the data is also a default as-
sumption which likely results in a conservative esti-
mate of the risk. Biologically based models are not
available for Cr(VI)-induced cancer, so it is reasonable
for a risk assessor to use the LMS model. Nonetheless,
it must be made clear to the risk manager, as well as
to those involved in risk communication to the public,
that the results of applying the LMS model to the tu-
mor incidence data for Cr(VI) do not imply that the 1
X 107° rigk calculated to be associated with a certain
soil concentration is an expression of actual carcino-
genic risk, but rather that it is believed to be an upper
bound on the possible degree of carcinogenic risk. The
true risk from exposure to soil containing Cr(VI) at the
level of these soil criteria may, in fact, be as low as 0.

For the end point of ACD following dermal exposure,
several areas of uncertainty should be highlighted in
any risk characterization. These have been described
previously, and include the effect of pH, the effect of
occlusion, the usefulness of patch-test studies that re-
ported the exposure as a concentration of Cr(VI) ap-
plied to the patch as opposed to the mass of Cr(VI)
per unit area of skin, which in many cases is a more
toxicologically relevant measurement, and the degree
to which Cr(VI) in soil may be solubilized on skin. The
recommended Cr(VI) soil levels for the protection of
ACD have been calculated by various investigators as
ranging from 15 to up to 54,000 ppm.

For example, the State of New dJersey (NJDEP,
1995d), Bagdon and Hazen (1991), Paustenbach et al.
(1992), Nethercott et al. (1994), and Horowitz and Fin-
ley (1993) recommend that in general, soil levels need
not exceed 15, 75 (total chromium), 350 to 500 [Cr(VI)],

450 [Cr(VD)], and 10,000 to 54,000 [Cr(VI)] ppm, respec-
tively. The wide variation in these numbers is due pri-
marily to assumptions of bioavailability [i.e., degree to
which Cr(VI) is extracted from soil and from which it
may be solubilized on human skin] and the appropriate
measure of exposure in patch-test studies, whether con-
centration (ppm) or applied dose (mg/em® skin).
Clearly, this range is indicative of a significant degree
of uncertainty in the risk aszesement for ACD.

THE ROLE OF RISK MANAGEMENT IN SETTING
CLEANUP STANDARDS FOR HEXAVALENT CHROMIUM

A review of the available toxicity and carcinogenicity
data for Cr(VI) indicates end points of potential concern
following exposure to hexavalent chromium-contami-
nated soils through ingestion (blood, liver, and kidney
toxicity), inhalation (cancer), or dermal exposure
(ACD). The natures of these effects are quite different
and the ultimate determination of an acceptable
cleanup level raises many questions that pertain to risk
management as well as to risk assessment. Table 4
shows how soil criteria based on effects following these
three routes of exposure compare.

The Cr{VI) sail criteria that have been developed for
the protection against adverse effects are not dissimilar
for exposures by the oral route (400 ppm) and inhala-
tion route (130 ppm). For protection against adverse
effecta following dermal exposure, however, caleula-
tions of acceptable soil levels have varied by several
orders of magnitude, with the most conservative
sereening-level assessment proposing soil eoncentra-
tions of 15 ppm. Given that this proposal is 10- to 30-
fold lower than those protecting against more severe
effects from Cr(VI) (e.g., lung cancer), it is appropriate
to reevaluate the data supporting the screening level
assessment for dermal effects and to decrease the un-
certainty wherever possible. By substituting data for
default assumptions (e.g.,, measuring actual bioavail-
ability rather than assuming 100%), the assessment of
risk posed by dermal exposure has been shown to be
much lower than previously estimated. Soil eriteria
based on these data-supported dermal assessments are
still variable (350 to 54,000 ppm), but are all higher
than the criterion based on protection against cancer
following inhalation exposure.

The Federal EPA currently has no standards or even
guidelines for the protection of dermal effects following
exposure to Cr(VI). EPA has addressed immunologi-
cally based effects with nickel, however, that may offer
some guidance for chromium, As with chromium, nickel
is a8 common sensitizing agent which has been shown
to elicit ACD following both dermal exposure and inges-
tion in sensitized individuals. With nickel, EPA decided
that the oral RfD, based on decreased body and organ
weights as the critical effects, “is believed to be set at
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TABLE 4

Potential Criteria for Cr(VI)-Contaminated Soil Based on Prevention of Adverse Effects Following Oral,
Inhalation, or Dermal Exposures

Proportion of

End point population at risk Severity of effect
Systemic toxicity 100% Cr(VI) has been shown to cause
toxicity to blood, liver, and
kidney at high oral doses.
Lung cancer 100% Cr(VI) is a known human
carcinogen, inducing
potentially fatal lung cancer.
Allergic contact 0.1-1% ACD is limited to dermal
dermatitis involvement. Severity ranges

from mild to severe.

a level which would not cause individuals to become
sensitized to nickel; however, those who have already
developed a hypersensitivity (e.g., from a dermal expo-
sure) may not be fully protected.” The rationale for this
comes from the fact that, while EPA is committed to
protecting sensitive subpopulations, it is virtually im-
possible to reduce levels of metals in the environment
which may evoke a response in some hypersensitive
individuals. With nickel, for example, the amounts
found in a standard soil maybe sufficiently high to
evoke a response. Individuals having this degree of hy-
persensitivity cannot be fully protected and must take
it upon themselves to reduce exposure.

This example could prove relevant to the difficult
question of whether chromium dermatitis should be
considered a critical effect and used as a basis for devel-
oping a cleanup standard. Another possibility would be
to set a standard using sensitization (rather than the
elicitation of ACD in already sensitized individuals) as
a critical effect. In other words, a standard would be
set that is believed to be sufficiently low to prevent
sensitization of individuals exposed, but those already
sensitized (e.g., from occupational or other exposure)
would not necessarily be protected against recurrences
of ACD as a result of subsequent exposure. The cur-
rently available data do not appear to be sufficient to
answer the question of what degree of exposure is nec-
essary to invoke sensitization, but this alternative
might be considered if these data become available.

As described previously, the State of New Jersey has
developed several documents on health end points for
Cr(VI) that might serve as the basis for cleanup stan-
dards. The documents, however, end at the point of
risk characterization and are not meant to provide the
answers for how to most appropriately manage the
risks posed by Cr(VI) in soil. It is up to the risk manager
to take into consideration the information provided by
the risk assessor, but to also take into consideration
many other factors when making a decision regarding

Soil criteria

Using standard EPA methodology (EPA, 1989), soil
criteria can be estimated as 400 ppm for children and
3500 ppm for adults.

EPA estimated a soil criterion of 270 ppm (EPA, 1996c).
NJDEP (1995a,b) estimated soil criteria of 130 or 190
ppm for residential or nonresidential exposure
scenarios, respectively.

Published criteria for Cr(VI) in soil based on ACD are
varied, including 15, 75 (total chromium), 350 to 500,
450, or 10,000 to 54,000 ppm.

actual cleanup standards. Excerpts from EPA’s Guid-
ance for Risk Characterization (1995a) were high-
lighted at the outset of this paper. The importance of
the material quoted earlier is emphasized again here:

. . . decision-makers evaluate technical feasibility . . ., eco-
nomic, social, political, and legal factors as part of the analysis
of whether or not to regulate, and, if so, to what extent. . . . For
this reason, risk assessors and managers should understand that
the regulatory decision is usually not determined solely by the
outcome of the risk assessment.

ACD is clearly an adverse effect that occurs in some
humans exposed dermally to Cr(VI). Cancer and non-
cancer toxicity are also of concern and potentially affect
more people. Appropriately, risk assessors have at-
tempted to develop dose-response relationships for
these end points, with results that are consistent in
part. However, given that ACD is an allergic reaction
that is relevant to only 0.1 to 1% of the general popula-
tion, the risk manager must ask if this an appropriate
end point for the determination of a cleanup standard,
or if the focus should be on cancer or noncancer end
points. If the former, then what percentage of sensitive
individuals should be protected? 100% (likely an impos-
sibility given the nature of allergic reactions)? 90%?
50%? At what cost? And with what degree of certainty?

Herein lies the job of the risk manager: to weigh “risk
assessment priorities, degree of conservatism, and ac-
ceptability of particular risk levels . . .” (EPA, 1995a).
A job that is difficult, and one in which the best avail-
able risk characterizations are needed to support the
final decision.

CONCLUSIONS

The identification of hazard from Cr(VI)-contami-
nated soil is complicated by different critical effects
resulting from exposure by each of the three routes:
inhalation, oral, and dermal. Dose—response relation-
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ships are also different among these routes, although
overlap does occur in the estimated soil criteria.

Oral exposure does not appear to be of great concern
because of the reducing capacity of the stomach which
results, to a large extent, in the formation of Cr(IIl), an
essential nutritional element. The resulting soil level of
400 ppm based on potential toxicity by this route is
conservative since it is based on an RfD in the absence
of a critical effect and a child’s exposure scenario.

By the inhalation route, estimates of soil criteria of
130 to 270 ppm based on upper limits of cancer risk
lie very close to one another and to that derived for
noncancer toxicity by the oral route. These criteria are
also conservative because they are based on low-dose
linear extrapolations that yield upper limits to the ex-
cess lifetime cancer risk. Actual risks are likely to be
smaller, and may, in fact, be zero.

By the dermal route, soil criteria ranging over 3 or-
ders of magnitude (from 15 to 54,000 ppm) have been
suggested as being protective for allergic contact der-
matitis. Clearly, some discussion and review is needed
for these values. We suggest that since the problem
of Cr(VI)-contaminated soil is not one of an unlimited
reservoir, every attempt should be made to confirm the
minimum elicitation threshold of Nethercott et al.
(1994). The resulting threshold can be used to deter-
mine the likely soil criterion by way of U.S. EPA (1989).
Alternatively, a soil criterion can be estimated by es-
tablishing the dose likely to initiate the allergic re-
sponse. This would necessitate some additional work,
but it would be entirely consistent with existing deci-
sions by EPA on other compounds that evoke ACD and
systemic toxicity.

Inherent in each of these criteria is a significant
amount of uncertainty. This uncertainty is from the
dose response and the exposure assessments individu-
ally and from both when these assessments are folded
together to estimate criteria.

Severity of effect and proportion of the population at
risk must be described in any risk characterization.
For example, the noncancer oral toxicity of Cr(VI) is
not well described, but is potentially severe and affects
100% of the population. Lung cancer is potentially fa-
tal, and up to 100% of exposed individuals may be at
risk at high enough concentrations. ACD is a transient
dermal effect of varying severity, which at most will
affect 1% of the exposed population.

While it is incumbent upon the risk assessor to de-
seribe uncertainties in a risk characterization for
Cr(VI), it is the job of the risk manager to weigh the
potential benefits of cleanups against the costs in-
curred and other considerations.

Risk assessment is an iterative process whereby a
risk assessor may give a first assessment using the
most conservative default assumptions [e.g., assuming
100% dermal bioavailability of Cr(VI) in soil]. These

screening assessments are justified because they are
relatively simple to perform, and practically guarantee
a “safe” level because of the degree of conservatism
built in. However, exceeding of these screening levels
does not imply that the exposed population is at risk.
Rather, it provides justification for a closer examina-
tion of the data by the risk assessors in an effort to
better characterize potential risk.

This iterative process of risk assessment is well illus-
trated by the case of Cr(VI) in soil, and in particular,
the potential for elicitation of ACD in sensitive individ-
uals. This has been the subject of initial screening as-.
sessments that have resulted in recommendations for
cleanups to very low levels; this in turn has provided
the impetus for researchers to conduct more in-depth
analyses and replace default assumptions with data
wherever possible. The result is a more data-rich de-
seription of risks, which are associated with a lesser
degree of uncertainty. All of the risk assessment analy-
ses—based on possible effects from all routes of expo-
sure and ranging from first-level screening analyses to
more intensive data-supported analyses—are avail-
able for the risk manager to use and integrate with
information on technical feasibility, economiec, social,
political, and other factors.
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