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oral Slope Factors and Reference Doses for r.obalt, Copper
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Dear Dr. Swanton:
This memo is in response to a request from Mike Silva of
GeoScience Consultants for oral slope factors and reference doses
for copper, cobalt and chrysene. Enclosed please find the
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Risk Assessment Issue Paper for the Interim Oral
Slope Factor and Reference Dose for Cobalt
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Enclosure I
Risk Assessment Issue Paper for:
oral Slope Factor and Reference Dose for Copper
Reference Dose
The emetic properties of copper have been known for some
time. There are several reports of gastrointestinal disturbances
(e.g. vomiting, diarrhea, abdominal pain) in individuals
consuming beverages contaminated with copper (ATSDR 1989). The
lowest level that elicit a response was approximately 5 mg
(0.07 mg/kg/day).
Extensive hepatic centrilobular necrosis has
also been observed in individuals intentionally consuming a
single, large dose of copper sulfate (Chuttani et al. 1965). Two
reports of health effects in humans exposed repeatedly to copper
were discussed in the ATSDR profile (ATSDR 1989). The first
report involved a family that drank copper contaminated water in
the morning for approximately 1.5 years. Recurrent and acute
episodes of nausea, vomiting and abdominal pain were reported.
Samples of the morning water contained 7.8 mg/L copper
(Spitalny et al. 1984). The second report involved 2 infant
siblings exhibiting liver damage (hepatosplenomegaly, cirrhosis).
The infants drank contaminated tap water (2-3 mg Cu/L) for
~ 9 months (Mueller-Hoecker et al. 1988).
It should be noted
that children under 1 year of age are unusually susceptible to
the toxicity of copper because homeostatic mechanisms for
clearing copper from the body and regulating its gastrointestinal
absorption have not fully developed at this age.
Because both of
these reports have a small sample size and actual water intakes
were not reported, neither study is adequate for the derivation
of an oral RfD.
Numerous animal subchronic studies which demonstrate the
toxicity of copper in rats and pigs were reviewed by ATSDR
(1989).
The liver appears to be a primary target organ for
copper toxicity. Hepatic centrilobular necrosis followed by
regeneration was observed in rats administered ~ 100 mg/kg/day.
Alterations in serum enzymes (e.g. SGOT) which may be indicative
of liver damage have been observed at dietary concentrations of
approximately 40 mg/kg/day. A number of studies have
demonstrated the development of tolerance to copper toxicity in
rats and pigs (ATSDR 1989). It is not known if humans would also
develop tolerance to copper toxicity, therefore it is not clear
whether rats and pigs may serve as a good model for human copper
toxicity.
In conclusion, in order to protect against the adverse
health effects associated with copper deficiency the RfD for
copper should be at least 2 x 10-2 to 4 x 10-2 mg/kg/day, a range
considered as "safe and adequate" for copper intakes for adults
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(NAS, 1989). FAO/WHO expert committee on food additives
concluded that a copper intake (from dietary sources) as high as
0.5 mg/kg/day would not result in adverse health effects
(FAO/WHO 1971). However, individuals drinking beverages
contaminated with approximately 7 x 10~ mg/kg/day exhibited signs
of gastrointestinal disturbances. Thus, an interim RfD for
copper should fall between 4 x 10-2 mg/kg/day and
7 x 10-2 mg/kg/day.
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Slope Factor

Copper is verified as a class D carcinogen (U.S. EPA, 1991),
thus data are inadequate for a quantitative cancer risk estimate.
Reference:

U.S. EPA. 1991. Integrated Risk Information System (IRIS}.
Online. Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cincinnati, OH.
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Enclosure I I
Risk Assessment Issue Paper for:
oral Slope Factor and Reference Dose for Cobalt
Reference Dose
We are providing below the documentation and derivation of
an interim oral RfD of lE-5 mg/kg/day for cobalt. The confidence
for the interim oral RfD is low because:
1)

No-observed-adverse-effect-levels {NOAELs) for
sensitization (the basis of RfD) were not
identified.

2)

People
women)
cobalt
cobalt

sensitized by nickel (-2% of men and -10% of
may have and allergic reaction following
exposure due to the interrelationships between
and nickel sensitization.

Please note that the number calculated in this issue paper
is an interim value and ECAO-Cin is in the process of seeking
additional review and comment of this assessment.
The data regarding the toxicity of cobalt is extensive
following both oral and inhalation exposure. The primary target
organs of cobalt toxicity are the heart and hematopoietic system
following oral exposure.
Cobalt has also been found to be a
sensitizer in humans.
Most of the oral data in humans deals with the
cardiomyopathy seen in people who drank large quantities of beer
containing cobalt chloride (used to stabilize the foam)
(Alexander, 1969, 1972; Morin et al., 1971). The people ingested
0.04-0.14 mg cobalt/kg/day (approximately 8-30 pints of beer
daily) over a period of years {Alexander, 1969, 1972; Morin et
al., 1971). The cardiomyopathy in the beer-drinkers, termed
''beer-cobalt cardiomyopathy", was fatal to 43% of the subjects
within several years, with approximately 18% of these deaths
occurring within the first several days. The beer-cobalt
cardiomyopathy appeared to be similar to alcoholic cardiomyopathy
and beriberi, but the onset of the beer-cobalt cardiomyopathy was
much more abrupt. The practice of adding cobalt to beer to
stabilize the foam has been discontinued.
Cobalt has been found to stimulate the production of red
blood cells in humans and, therefore, has been used as a
treatment for anemia. Polycythemia was found in anemic patients
following oral treatment with 0.16-1.0 mg cobalt/kg daily as
cobalt chloride for a period of 3-32 weeks (Davis and Fields,
1958; Taylor et al., 1977). An increase in hematocrit and
hemoglobin levels was not observed, however, in pregnant women
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treated with 0.5-0.6 mg cobalt/kg/day for 90 days in an attempt
to alleviate the anemia often found during pregnancy.
Three studies were located examining the developmental
effects of orally administered cobalt (given as cobalt chloride)
in rodents (Domingo et al., 1985; Paternain et al., 1988;
Seidenberg, 1986). Domingo et al. (1985) treated pregnant female
rats to 5.4 to 21.8 mg cobalt/kg/day from gestation day 14
through lactation day 21.
Fetal effects included stunted growth
of the pups at 5.4 mg/kg/day and decreased survival at 21.8
mg/kg/day. These effects occurred at levels that were maternally
toxic (authors did not specify the effects), therefore, the
effects may be a result of maternal toxicity and not cobalt
treatment. No teratogenic effects were reported.
No significant effects on fetal growth or survival were
found in rats exposed to 6.2 to 24.8 mg cobalt/kg/day during
gestation days 6-15 (Paternain et al., 1988), although a
nonsignificant increase in the incidence of stunted fetuses was
found in the animals treated with 12.4 or 24.8 mg cobalt/kg/day.
Maternal effects, however, including reduced body weight and food
consumption and altered hematological parameters, were reported.
No fetal effects were reported in mice exposed to
81.7 mg cobalt/kg/day during gestation days 8-12 (Seidenberg,
1986), but a significant decrease in maternal weight was found.
Several studies reported testicular degeneration and atrophy
in rats exposed to 5.7 to 30.2 mg cobalt/kg/day as cobalt
chloride for 2-3 months in the diet or in the drinking water
(Corrier et al., 1985; Domingo et al., 1984; Mollenhauer et al.,
1985; Nation et al., 1983; Pedigo et al., 1988).
One sensitization study was located in which cobalt-exposed
workers were challenged orally with cobalt.
In this study,
several patients with eczema of the hands were challenged orally
with 1 mg cobalt (as cobalt sulfate) in tablet form once per week
for 3 weeks and 28/47 patients had a flare of dermatitis
following the oral challenge (Veien et al., 1987). Forty-seven
patients had positive patch tests to cobalt (13 to cobalt alone
and 34 to nickel and cobalt) and 7 of the 13 patients that patch
tested positive to cobalt reacted to the oral challenge. Using
both the oral challenge and dermal patch tests, it was determined
that the cobalt allergy was systemically induced. The exposure
level associated with sensitization to cobalt was not
established. The oral dose of 1 mg cobalt that resulted in the
flare up of the dermatitis can be expressed as 0.014 mg cobalt/kg
body weight (1 mg x 1/70 kg body weight). Application of an
uncertainty factor of 1000 (10 for the use of a LOAEL, 10 for the
use of an acute study and 10 to protect sensitive individuals) to
the LOAEL of 0.014 mg cobalt/kg/day for sensitization yields an
interim oral RfD of 1 x 10~ mg cobalt/kg/day.
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Confidence in the interim oral RfD is low. NOAELs were not
identified for sensitization in humans, therefore, it is
impossible to certify that the RfD would be protective for
sensitive individuals. Also, because interrelationships have
been found to exist between cobalt and nickel sensitization,
people sensitized by nickel may have an allergic reaction
following cobalt exposure. This results in even greater
uncertainty in the RfD.
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Oral Slope Factor

stable cobalt is a class D carcinogen, thus data are
inadequate for calculation of a quantitative cancer estimate
(U.S. EPA, 1990). Radioactive cobalt isotopes are class A
carcinogens and an interim oral slope factor of 9.7E-6
fatalities/µCi ingested has been calculated for 60cobalt (U.S.
EPA, 1990) .
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U.S. EPA. 1990. Health Effects Assessment for Cobalt. Prepared
by the Off ice of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cincinnati, OH for
the Office of Solid Waste and Emergency Response. Draft.
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Enclosure III
Risk Assessment Issue Paper for:
Oral Slope Factor and Reference Dose for Chrysene
Toxicity Information

I.

RfDs/RfCs
oral

Only 6 PAHs have interim oral RfDs. Table 1 lists the
chemicals with oral RfDs along with the critical study, species,
critical effect and reference dose. For the 5 chemicals that
have been verified, the date of verification is listed, and the
RfDs are available on IRIS.
Inhalation
Inhalation RfCs have not been calculated for any of the
PAHs.
carcinogenic Assessment

I.

Background

The Off ice of Emergency and Remedial Response (OERR) is
working on a draft approach for risk assessment of PAHs at
Superfund sites. ECAO-Cin has been involved in the development
of an ODW document for PAHs and is currently working on a
Multimedia document for PAHs, both of which discuss toxicity
equivalency factors for PAHs. There is presently no Agency
position on this issue.
It is likely that benzo[a]pyrene will
serve as the reference point for TEF approaches to PAH risk
assessments. The majority of PAH likely to be found in the
environment appear to be less potent than benzo[a]pyrene. There
are data, however, to indicate tht methylated PAH and those
containing oxygen and nitrogen may be more potent than
benzo[a]pyrene.

II.

Slope Factors and Interim Approach

Benzo[a)pyrene has been classified as a B2, probable human
carcinogen, however, there are no slope factors on IRIS. U.S.
EPA (1980, 1984) derived an upper-bound oral slope factor of
11.5 per (mg/kg)/day using a linearized multistage procedure and
the data of Neal and Rigdon (1967). U.S. EPA (1984) derived an
upper-bound inhalation slope factor of 6.1 per (mg/kg)/day based
on the data of Thyssen et al. (1981). These values could be
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adopted as interim values for the risk assessment of Superfund
Sites. While slope factors for other PAH compounds having a B2
classification are not available, OHEA suggests that
benzo[a]pyrene estimates may be useful.
Carcinogen classifications for several PAHs that have been
verified are listed below:
Acenaphthylene - D
Anthracene - D
Benz[a]anthracene - B2
Benzo[b]fluoranthene - B2
Benzo[k]fluoranthene - B2
Benzo[g,h,i]perylene - D
Chrysene - B2
Dibenz[a,h]anthracene - B2
Fluoranthene - D
Fluorene - D
Indeno[l,2,3-c,d]pyrene - B2
Naphthalene - D
Phenanthrene - D
Pyrene - D
The above classifications have been verified by the Carcinogen
Risk Assessment Verification Endeavor (CRAVE) and risk assessment
summaries can be found on IRIS.
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TABLE 1
Oral RfDs for PAHs
Compound/
Status

Exposure

Species

Critical Effect

Uncertainty
Factor

Modifying
Factor

Reference
Dose

Ref erenca

Acenapthene I Verified (11/15/89)
175 agfkg/day daily
by gavaga for 90 days
(NOAEL); 350 ag/kg/day
(LOAEL)

Mouse

Hepatotoxicity

3000

1

6E-2 ag/kg/day

Mouse

No affects

3000

1

3E-1 mg/kg/day

U.S. EPA, 1989b

Mouse

Nephropathy, increased
relative liver weights,
hematological and
clinical affects

3000

1

4E-2 ag/kg/day

U.S. EPA, 1988

Mousa

Decreased RBC, packed
call volume and
hemoglobin

3000

1

U.S. EPA, 1989a

Anthracana / Verified (11/15/89)
1000 mg/kg/day daily
by gavage for 90
daya (NOEL)(HDT)
Fluoranthene / Verified (11/15/89)
125 mg/kgf day daily
by gavage via corn
oil for 13 weeks
(NOAEL); 250 mg/kg/day
(LOAEL)
Fluoren• / Verified (11/15/89)
Gavaged via corn oil
125 mg/kg/day for 13
weeks (NOAEL); 250
ag/kg/day (LOAEL)

4E-2 ag/kg/day

U.S. EPA, 1989c

Napthalene
50 mg/kg/day in diet
Rat
for 5 days/week for
13 weeks (35.7 mg/kg/day)

Decreased body weight
gain.

10,000

1

4E-3 ag/kg/day

NTP study
(1980)

TABLE 1 (cont.)
Oral RfDs for PAHs
Compound/
Status

Exposure

Species

critical Effect

Uncertainty
Factor

Modifying
Factor

Reference
Dose

Reference

Pyrene / Verified (11/15/89)
75 mg/kg/day by
gavage via corn
oil for 13 weeks
(NOAEL)
HDT • Hiqhest Dose Teated

Mouse

Nephropathy and
decreased kidney
weight

3000

l

3E-2 ag/kq/day

U.S. EPA, l989d

