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APPENDIX A. ATSDR MINIMAL RISK LEVELS AND WORKSHEETS

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.
9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 99—
499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly with
the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances most
commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological
profiles for each substance included on the priority list of hazardous substances; and assure the initiation

of a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available toxicological
information and epidemiologic evaluations of a hazardous substance. During the development of
toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to
identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a
given route of exposure. An MRL is an estimate of the daily human exposure to a hazardous substance
that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration
of exposure. MRLs are based on noncancer health effects only and are not based on a consideration of
cancer effects. These substance-specific estimates, which are intended to serve as screening levels, are
used by ATSDR health assessors to identify contaminants and potential health effects that may be of
concern at hazardous waste sites. It is important to note that MRLs are not intended to define clean-up or

action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor
approach. They are below levels that might cause adverse health effects in the people most sensitive to
such chemical-induced effects. MRLs are derived for acute (1-14 days), intermediate (15-364 days), and
chronic (365 days and longer) durations and for the oral and inhalation routes of exposure. Currently,
MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method
suitable for this route of exposure. MRLs are generally based on the most sensitive chemical-induced end
point considered to be of relevance to humans. Serious health effects (such as irreparable damage to the
liver or kidneys, or birth defects) are not used as a basis for establishing MRLs. Exposure to a level

above the MRL does not mean that adverse health effects will occur.

MRLs are intended only to serve as a screening tool to help public health professionals decide where to

look more closely. They may also be viewed as a mechanism to identify those hazardous waste sites that
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are not expected to cause adverse health effects. Most MRLs contain a degree of uncertainty because of
the lack of precise toxicological information on the people who might be most sensitive (e.g., infants,
elderly, nutritionally or immunologically compromised) to the effects of hazardous substances. ATSDR
uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health
principle of prevention. Although human data are preferred, MRLs often must be based on animal studies
because relevant human studies are lacking. In the absence of evidence to the contrary, ATSDR assumes
that humans are more sensitive to the effects of hazardous substance than animals and that certain persons
may be particularly sensitive. Thus, the resulting MRL may be as much as 100-fold below levels that

have been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process: Health Effects/MRL Workgroup reviews within the
Division of Toxicology, expert panel peer reviews, and agency-wide MRL Workgroup reviews, with
participation from other federal agencies and comments from the public. They are subject to change as
new information becomes available concomitant with updating the toxicological profiles. Thus, MRLs in
the most recent toxicological profiles supersede previously published levels. For additional information
regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease

Registry, 1600 Clifton Road NE, Mailstop F-32, Atlanta, Georgia 30333.
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical Name: Cobalt
CAS Number: 10026-24-1

Date: March 2004

Profile Status: Final

Route: [x] Inhalation [ ] Oral

Duration: [ JAcute [ ]Intermediate [x] Chronic
Key to figure: 26

Species: human

Minimal Risk Level: 1x10*[ ] mg/kg/day []ppm [x] mg/m’

Reference:

Nemery B, Casier P, Roosels D, et al. 1992. Survey of cobalt exposure and respiratory health in
diamond polishers. Am Rev Respir Dis 145:610-616.

Experimental design:

Nemery et al. (1992) conducted a cross-sectional study of cobalt exposure and respiratory effects in
diamond polishers. The study group was composed of 194 polishers working in 10 different workshops.
In two of these workshops (#1, 2), the workers used cast iron polishing disks almost exclusively, and in
the others, they used cobalt-containing disks primarily. The number of subjects from each workshop
varied from 6 to 28 and the participation rate varied from 56 to 100%. The low participation in some
workshops reflects the fact that only workers who used cobalt disks were initially asked to be in the study,
rather than a high refusal rate (only eight refusals were documented). More than a year after the polishing
workshops were studied, an additional three workshops with workers engaged in sawing diamonds,
cleaving diamonds, or drawing jewelry were studied as an unexposed control group (n=59 workers).
Subjects were asked to fill out a questionnaire regarding employment history, working conditions,
medical history, respiratory symptoms, and smoking habits, to give a urine sample for cobalt
determination, and to undergo a clinical examination and lung function tests. Both area air samples and
personal air samples were collected (always on a Thursday). Sampling for area air determinations started
2 hours after work began and continued until 1 hour before the end of the work day. Personal air samples
were collected from the breathing zone of a few workers per workshop for four successive 1-hour periods.
Air samples were analyzed for cobalt and iron. In addition, personal air samplers were used to sample the
air 1 cm above the polishing disks. These samples were analyzed for the entire spectrum of mineral and
metallic compounds. Air samples were not obtained at one of the polishing workshops (#4), but this
workshop was reported to be almost identical to an adjoining workshop (#3) for which samples were
obtained. Urinary cobalt levels were similar between workers in these two workshops, so exposure was
considered to be similar as well. It is important to note that the study authors suggested that the available
methods used for air sampling may have underestimated the exposure levels.

There was a good correlation (R=0.92) between the results of area and personal air sampling, with area air
sampling reporting lower concentrations than personal air samples in all workshops except one (#9)
(Nemery et al. 1992). In this workshop, personal air samples appeared to be artificially low in
comparison to area air samples and urinary cobalt levels of the workers. When this workshop was
excluded, there was a good correlation (R=0.85-0.88) between urinary cobalt and cobalt in the air. Based
on urinary cobalt levels, the concentration of cobalt expected in personal air samples from workshop #9
was about 45 pg/m’ (the mean value actually reported was 6 pg/m®). The polishing workshops were
divided into two groups: those with low exposure to cobalt (#1-5, n=102) and those with high exposure to
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cobalt (#6-10, n=91). Mean cobalt exposure concentrations were 0.4, 1.6, and 10.2 pg/m’ by area air
sampling and 0.4, 5.3, and 15.1 pg/m’ by personal air sampling in the control, low-exposure, and high-
exposure groups, respectively. The inclusion of the apparently biased personal air samples from
workshop #9 means that the reported mean cobalt exposure in the high-exposure group obtained by
personal air sampling (15.1 pg/m’) may be lower than the true value. Air concentrations of iron were
highest in the two polishing workshops that used iron disks and the sawing workshop (highest value

=62 pg/m’), and were not correlated with cobalt levels. Analysis of samples taken near the disks showed
the presence of cobalt, with occasional traces of copper, zinc, titanium, manganese, chromium, silicates,
and silicon dioxide. No tungsten was detected. There is a possibility that some workers had previously
been exposed to asbestos, since pastes containing asbestos had been used in the past to glue the diamonds
onto holders. However, the degree of asbestos exposure had apparently been insufficient to produce
functional impairment. The researchers considered cobalt to be the only relevant exposure. Smoking
habits were similar in workers from the high-exposure, low-exposure, and control groups. Duration of
exposure was not discussed.

Effects noted in study and corresponding doses:

Workers in the high-exposure group were more likely than those in the other groups to complain about
respiratory symptoms; the prevalences of eye, nose, and throat irritation and cough, and the fraction of
these symptoms related to work, were significantly increased in the high-exposure group (Nemery et al.
1992). Workers in the high-exposure group also had significantly reduced lung function compared to
controls and low-exposure group workers, as assessed by FVC (forced vital capacity), FEV, (forced
expiratory volume in 1 second), MMEF (forced expiratory flow between 25 and 75% of the FVC), and
mean PEF (peak expiratory flow rate), although the prevalence of abnormal values did not differ
significantly between exposure categories. Results in the low-exposure group did not differ from
controls. Two-way analysis of variance was used to show that the effect on spirometric parameters in the
high exposure group was present in both men and women. Women seemed to be affected more than men,
but the interaction between exposure and sex was not significant. Smoking was found to exert a strong
effect on lung function, but lung function level remained negatively correlated with exposure to cobalt,
independently of smoking.

Dose and end point used for MRL derivation:

[x] NOAEL [ ]LOAEL
Nemery et al. (1992) established a NOAEL of 0.0053 mg cobalt/m’ for effects on pulmonary function
(decreased values upon spirometric examination).

Uncertainty Factors used in MRL derivation:

[ 13 [ ]10 (for use of a NOAEL)
[x]1 [ 13 [ ]10 (for extrapolation from animals to humans)
[ 13 [x] 10 (for human variability)

The chronic inhalation MRL for cobalt is derived as follows:
MRL = NOAELap; + UF
MRL = 0.0013 mg cobalt/m® + 10
MRL = 1x10™* mg cobalt/m’

Was a conversion used from ppm in food or water to a mg/body weight dose? No.

Was a conversion used from intermittent to continuous exposure? If so, explain:
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0.0053 mg cobalt/m® * (8 hours/24 hours) * (5 days/7 days) = 0.0013 mg cobalt/m’ continuous exposure.

If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:
NA.

Other additional studies or pertinent information which lend support to this MRL:

Necrosis and inflammation of the respiratory tract epithelium (larynx, trachea, bronchioles, nasal
turbinates) were reported in rats exposed to 19 mg cobalt/m® and mice exposed to 1.9 mg cobalt/m’ (and
above) as cobalt sulfate over 16 days (NTP 1991). Exposure of rats and mice to cobalt as cobalt sulfate
for 13 weeks resulted in adverse effects on all parts of the respiratory tract, with the larynx being the most
sensitive part (NTP 1991). At concentrations of >0.11 mg cobalt/m’, rats and mice had squamous
metaplasia of the larynx. Histiocytic infiltrates in the lung were also reported at similar levels in both the
rats and mice. In rats, chronic inflammation of the larynx was found at >0.38 mg cobalt/m’, and more
severe effects on the larynx, nose, and lung were reported at higher exposures. In mice, acute
inflammation of the nose was found at >1.14 mg cobalt/m’, and more severe effects on the larynx, nose,
and lung were reported at higher exposures.

Exposure of rats and mice to aerosols of cobalt (as cobalt sulfate) at concentrations from 0.11 to 1.14 mg
cobalt/m’ for 2 years resulted in a spectrum of inflammatory, fibrotic, and proliferative lesions in the
respiratory tract of male and female rats and mice (NTP 1998). Squamous metaplasia of the larynx
occurred in rats and mice at exposure concentrations of >0.11 mg cobalt/m’, with severity of the lesion
increasing with increased exposure concentration. Hyperplastic lesions of the nasal epithelium occurred
in rats at concentrations of >0.11 mg cobalt/m’, and in mice at concentrations of >0.38 mg cobalt/m’.
Both sexes of rats had greatly increased incidences (>90% incidence) of alveolar lesions at all exposure
levels, including inflammatory changes, fibrosis, and metaplasia. Similar changes were seen in mice at
all exposure levels, though the changes in mice were less severe.

Both studies by NTP (1991, 1998) failed to define a NOAEL, with the lowest concentration examined
(0.11 mg/m’) a LOAEL for a variety of respiratory effects. If an MRL were to be calculated based upon
these studies, it would be as follows:

Duration adjustment: 0.11 mg cobalt/m® * (6 h/24 h) * (5 d/7 d) = 0.020 mg cobalt/m’ continuous
exposure.

Calculation of human equivalent concentration:

If fractional depositions in humans and animals are assumed to be equal, then:

RDDR = Vg(animal)/Sgr(animal) + Vg(human)/Sgr(human) = 0.24 m*/day / 15 cm® = 20 m*/day / 200 cm®
RDDR =0.16

LOAELygc; = LOAEL[ADIJ] * RDDR

=0.020 mg cobalt/m’ * 0.16 = 0.0032 mg cobalt/m’

To the LOAEL gy, an uncertainty factor of 300 (10 for use of a LOAEL, 3 for animal to human
extrapolation, and 10 for human variability) to derive an MRL of 1x10™ mg/m’. This number is an order
of magnitude lower than the number derived from the Nemery et al. (1992) data, reflecting the fact that it
is derived from animal data, not from a human study, and is based on a LOAEL, not a NOAEL. As the
Nemery et al. (1992) study was a well-performed study in humans that defined a NOAEL and LOAEL, it
was selected as the basis for derivation of the MRL.

Agency Contact (Chemical Manager): Obaid Faroon D.V.M., Ph.D.
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical Name: Cobalt
CAS Number: 10026-24-1

Date: March 2004

Profile Status: Final

Route: [ ] Inhalation [x] Oral

Duration: [ JAcute [x]Intermediate [ ] Chronic
Key to figure: 30

Species: human

Minimal Risk Level: 1x10™ [x] mg/kg/day [ ]ppm [ ] mg/m’

Reference:

Davis, J.E. and Fields, J.P. 1958. Experimental production of polycythemia in humans by administration
of cobalt chloride. Proc Soc Exp Biol Med 99:493-495.

Experimental design:

Six apparently normal men, ages 20—47, were administered a daily dose of cobalt chloride, administered
as a 2% solution diluted in either water or milk, for up to 22 days. Five of the six received 150 mg cobalt
chloride per day for the entire exposure period, while the sixth was started on 120 mg/day and later
increased to 150 mg/day. Blood samples were obtained daily from free-flowing punctures of fingertips at
least 2 hours after eating, and at least 15 hours after the last dosage of cobalt. Blood was analyzed for red
blood cell counts, hemoglobin percentage, leukocyte counts, reticulocyte percentages, and thrombocyte
counts.

Effects noted in study and corresponding doses:

Exposure to cobalt resulted in the development of polycythemia in all six subjects, with increases in red
blood cell numbers ranging from 0.5 to 1.19 million (~16-20% increase above pre-treatment levels).
Polycythemic erythrocyte counts returned to normal 9—-15 days after cessation of cobalt administration.
Hemoglobin levels were also increased by cobalt treatment, though to a lesser extent than the erythrocyte
values, with increases of 6—11% over pretreatment values. In five of the six subjects, reticulocyte levels
were elevated, reaching at least twice the pre-experiment values. Thrombocyte and total leukocyte counts
did not deviate significantly from pretreatment values.

Dose end point used for MRL derivation:

[ ]NOAEL [x] LOAEL

Davis and Fields (1958) identified a LOAEL of 150 mg cobalt chloride per day for increased levels of
erythrocytes in volunteers. 150 mg cobalt chloride/day corresponds to ~1 mg Co/kg/day, assuming a
reference body weight of 70 kg. Available animal studies, presented below, lend support to this LOAEL,
having demonstrated LOAEL values within half an order of magnitude of that identified by Davis and
Fields (1958).

Uncertainty factors used in MRL derivation:

[ 11 [ 13 [x]10 (foruse ofa LOAEL)
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X 110 (for extrapolation from animals to humans)

x]T[]13[

[ 11 [ 13 [x]10 (for human variability)

The intermediate oral MRL for cobalt is derived as follows:
MRL = LOAEL ~+ UF

MRL = 1 mg cobalt/kg-day +~ 100

MRL = 1x10” mg cobalt/kg-day

Was a conversion factor used from ppm in food or water to a mg/body weight dose? No.

Was a conversion used from intermittent to continuous exposure? If so, explain: No.

If an inhalation study in animals, list conversion factors used in determining human equivalent dose: Not
applicable.

Other additional studies or pertinent information that lend support to this MRL:

No other studies of the effect of intermediate oral cobalt exposure on erythrocyte levels in healthy human
subjects were identified in a search of the literature. Treatment of pregnant women for 90 days with 0.5—
0.6 mg cobalt/kg/day as cobalt chloride did not prevent the reduction in hematocrit and hemoglobin levels
often found during pregnancy (Holly 1955). However, treatment of anephric patients (with resulting
anemia) with 0.16—1.0 mg cobalt/kg/day daily as cobalt chloride for 3—32 weeks resulted in increased
levels of circulating erythrocytes and a decreased need for transfusions (Duckham and Lee 1976b; Taylor
et al. 1977). While these studies provide additional evidence that exposure to cobalt can increase
erythrocyte levels in humans, the fact that the patients were anephric makes definitive interpretation of the
results more difficult.

Roche and Layrisse (1956) exposed volunteers to similar levels (150 mg CoCl,/day) of cobalt, and
reported a reversible decrease in uptake of "*'I by the thyroid. The decreased uptake is believed to result
from cobalt blocking the organic binding of iodine (Paley et al. 1958). This observation adds support to
the choice of effect level, as a similar exposure resulted in measurable effects in volunteers, though
whether the changes in iodine uptake operate through the same mechanisms as the changes in erythrocyte
numbers has not been determined.

Stanley et al. (1947) exposed groups (n=4, 6 for controls) of 6 Sprague-Dawley rats to 0, 0.62, 2.5, or

10 mg cobalt/kg/day (0, 2.5, 10, or 40 mg/kg-day of CoCl,-6H,0) in gelatin capsules for 8 weeks. Blood
counts and hemoglobin levels were examined at the beginning of the experiment and at 2-week intervals.
Rats exposed to 0.62 mg cobalt/kg-day showed no change in erythrocyte number. At 2.5 mg cobalt/kg-
day, a progressive increase in erythrocyte number was seen, increasing up to a maximum of 17% above
pretreatment values on week 6. At the highest exposure level, a progressive increase in erythrocyte
numbers was seen, reaching 29% above pretreatment values at 8§ weeks of exposure. Statistical analyses
of the group means were not provided, and the study provided only mean values of the measurements,
precluding statistical analysis. However, if a 10% change is assumed to be an effect level, exposure to
2.5 mg cobalt/kg-day was the LOAEL for this study, with a NOAEL of 0.62 mg cobalt/kg-day.

Krasovskii and Fridyland (1971) exposed groups of rats to 0, 0.05, 0.5, or 2.5 mg Co/kg/day for up to

7 months. In the 2.5 mg/kg-day group, a persistent increase in erythrocyte levels was seen. The increase
was transient in the 0.5 mg/kg/day rats, and was not present in rats exposed to 0.05 mg/kg/day. However,
numerical data were not presented and statistical significance was not reported.
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A number of other studies in animals have reported increases in erythrocyte levels following intermediate
oral administration of cobalt compounds (see the LSE table for further details of these studies). However,
the majority of them have considerable methodological limitations, including examination of either very
high exposure levels or only one exposure level, limited reporting of results, or limited or no statistical
analysis.

Whether or not polycythemia, a condition wherein an excess of erythrocytes is produced, constitutes an
adverse effect is open to interpretation. At the levels seen in the available studies, and in particular in the
Davis and Fields (1958) study, the subjects would be expected to be asymptomatic. However, data on the
long-term effects of elevated erythrocyte levels are not available. As such, this end point was considered
an adverse effect as a health-protective assumption, and was utilized as a critical end point for MRL
derivation.

Agency Contact (Chemical Manager): Obaid Faroon D.V.M., Ph.D.
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical name: Radioactive Cobalt
CAS number: Multiple

Date:March 2004

Profile status: Final

Route: [ ] Inhalation [ ] Oral [x] External
Duration: [x] Acute [ ] Intermediate [ ] Chronic
Species: Human

Minimal Risk Level: 4 []mg/kg/day []ppm [ ] mg/m’ [x] mSv (400 mrem)

References:

Schull WJ, Otake M, Yoshimaru H. 1988. Effect on intelligence test score of prenatal exposure to
ionizing radiation in Hiroshima and Nagasaki: A comparison of the T65DR and DS86 dosimetry
systems. Radiation Effects Research Foundation (RERF) Technical Report No. 3-88. Hirroshima, Japan.
NTIS Report Number: DE89-906462.

Burt C. 1966. The genetic determination of differences in intelligence: A study of monozygotic twins
reared together and apart. Brit J Psychol 57(1&2):137-153.

Experimental design:

Schull et al. (1988) study: Schull et al. (1988) evaluated the quantitative effect of exposure to ionizing
radiation on the developing fetal and embryonic human brain. The end point measured was changes in
intelligence test scores. The effects on individuals exposed in utero to the atomic bombing of Hiroshima
and Nagasaki were based on the original PE86 samples (n=1,759; data on available intelligence testing)
and a clinical sample (n=1,598). The original PE86 sample included virtually all prenatally exposed
individuals who received tissue-absorbed doses of 0.50 Gy or more. There were many more individuals
in the dose range 0-0.49 Gy in the PE86 sample than in the clinical sample. The clinical sample does not
include children prenatally exposed at distances between 2,000 and 2,999 m in Hiroshima and Nagasaki.
Children exposed at greater distances or not present in the city were selected as controls. In 1955-1956,
Tanaka-B (emphasis on word-sense, arithmetic abilities, and the like, which were associated with the
more subtle processing of visual clues than their simple recognition and depended more on
connectedness) and the Koga (emphasis on perception of spatial relationships) intelligence tests were
conducted in Nagasaki and the Koga test in Hiroshima.

Burt (1966) study: This study determined differences in intelligence in monozygotic twins reared
together (n=95) and apart (n=53). All tests conducted in school consisted of (1) a group test of
intelligence containing both non-verbal and verbal items, (2) an individual test (the London Revision of
the Terman-Binet Scale) used primarily for standardization and for doubtful cases, and (3) a set of
performance tests, based on the Pitner-Paterson tests and standardization. The methods and standard
remained much the same throughout the study. Some of the reasons for separation of the twins were
given as follows: death of the mother (n=9), unable to bring them up properly, mother's poor health
(n=12), unmarried (n=6), and economic difficulties. The children were brought up by parents or foster
parents (occupation ranged from unskilled to professional). 1Q scores in the study group ranged from
66 to 137. The standard deviation of the group of separated monozygotic twins was reported at 15.3 as
compared to 15.0 of ordinary siblings. Twins brought up in different environments were compared with
those brought up in similar circumstances.
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Effects noted in study and corresponding doses:

Schull et al. (1986) study: No evidence of radiation-related effect on intelligence was observed among
individuals exposed within 0—7 weeks after fertilization or in the 26th or subsequent weeks. The highest
risk of radiation damage to the embryonic and fetal brain occurs 8—15-weeks after fertilization under both
dosimetric systems. The regression of intelligence score on estimated DS86 uterine absorbed dose is
linear with dose, and the diminution in intelligence score is 21-29 points per Gy for the 8—15-week group
and 10-26 points per Gy for the 16-25-week group. The results for 8—15 weeks applies regardless
whether or not the mentally retarded individuals were included. The cumulative distribution of test scores
suggested a progressive shift downwards in individual scores with increasing exposure. The mean 1Q
scores decrease significantly and systematically with uterine or fetal tissue dose within the 8—15- and
16-25-week groups.

In summary, analysis of intelligence test scores at 10—11 years of age of individuals exposed prenatally
showed that:

e There is no evidence of a radiation-related effect on intelligence scores among those individuals
exposed within 0—7 weeks of fertilization or in the 26™ week of gestation and beyond;

e The cumulative distribution of test scores suggests a progressive shift downwards in intelligence
scores with increasing exposure to ionizing radiation (dose-response relationship).

o The most sensitive group was the 8—15 weeks exposure group. The regression in intelligence
scores was found to be linear, with 1 Gy dose resulting in a 21-29 point decline in intelligence
scores.

e There was no indication of groups of individuals with differing sensitivities to radiation.

Burt (1966) study: The average intelligence of the twins measured on a conventional 1Q scale (SD=15)
was 97.8 for the separated monozygotes, 98.1 for monozygotes brought up together, 99.3 for the
dizygotes as compared with 100.2 for the siblings, and 100.0 for the population as a whole. The
difference of 0.3 IQ point between the separated and unseparated identical twins is considered a NOAEL
for this study.

Dose endpoint used for MRL derivation:

[x] NOAEL [ ] LOAEL 0.3 IQ point reduction in twins, between those raised together and those raised
apart.

Uncertainty factors (UF) used in MRL derivation:

13 []10 (for use of a NOAEL)
13 [] 10 (for extrapolation from animals to humans)
13 [] 10 (for human variability/sensitive population)

[x]1 [
[x]T [
[ 111

X

Was a conversion factor used from ppm in food or water to a mg/body weight dose? If so, explain: No.

If an inhalation study in animals, list conversion factors used in determining human equivalent dose: NA

Was a conversion used from intermittent to continuous exposure? No.
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Other additional studies or pertinent information that lend support to this MRL:

Husen (1959) reported a study involving 269 pairs of Swedish monozygotic (identical) twins where the
intrapair 1Q difference was 4 1Q points for a combination of twins raised together and apart. This is
somewhat lower than the value of 7 IQ points for identical twins raised apart, and just larger than the
range of 1Q scores for Washington, DC children repetitively tested (Jacobi and Glauberman 1995).

Supporting evidence for the acute MRL is provided by Jacobi and Glauberman (1995). Children in the
1%, 3 and 5™ grades born in Washington, DC were tested, and average 1Q levels of 94.2, 97.6, and 94.6,
respectively, were reported. The range of 3.4 1Q points is considered to be a LOAEL for this study,
which, if used for MRL derivation, would yield an MRL of 0.004 Sv (3.4 1Q points x 1 Sv/25 IQ points
+30[10 for use of a LOAEL and 3 for a sensitive population]).

Additional supporting evidence for the acute MRL is provided by Berger et al. 1997, in a case study of
accidental radiation injury to the hand. A Mexican engineer suffered an accidental injury to the hand
while repairing an x-ray spectrometer. The day after the accident, his symptoms included a tingling
sensation and itching in the index and middle fingers. On days 4 and 7, a "pinching" sensation, swelling,
and slight erythema were observed. By day 7, the tip of his index fingers was erythematous and a large
blister developed with swelling on other fingers. On day 10, examination by a physician showed that the
lesions had worsened and the fingers and palms were discolored. On day 10, he was admitted to the
hospital where hyperbaric oxygen therapy was administered without success. One month after the
accident, the patient entered the hospital again with pain, discoloration, and desquamation of his hand.
Clinical examination showed decreased circulation in the entire hand, most notably in the index and
middle finger. Total white blood count decreased to 3,000/uL. (normal range 4,300—10,800/uL).
Cytogenic studies of peripheral blood lymphocytes revealed four dicentrics, two rings, and eight
chromosomal fragments in the 300 metaphases studied. The estimated whole body dose was reported to
be 0.382 Gy (38.2 rad). This dose is a potential LOAEL for acute ionizing radiation and would yield an
MRL of 0.004 Sv (0.38 Sv +100 [10 for use of LOAEL and 10 for sensitive human population]).

The USNRC set a radiation exposure limit of 0.5 rem (50 mSv) for pregnant working women over the full
gestational period (USNRC 1991). For the critical gestational period of 8-15 weeks, ATSDR believes
that the conservative acute MRL of 4 mSv is consistent with the USNRC limit and could be applied to
either acute (0—14-day) or intermediate (15-365-day) exposure periods.

Calculations

Given: 0.3 IQ point is a NOAEL. A 1 Sv dose results in a 25 IQ point reduction (range=21-29 points;
mean=25) and provides a conversion factor from IQ prediction to radiation dose. Assume that the
radiation dose and the subsequent reduction in IQ is a linear relationship.

MRL =NOAEL x CF + UF

MRL=0.3x1/25+3

MRL = 0.004 Sv =4 mSv (400 mrem)

Agency Contact (Chemical Manager): Obaid Faroon D.V.M., Ph.D.
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical Name: Radioactive Cobalt
CAS Number: Multiple

Date: March 2004

Profile Status: Final

Route: [ ] Inhalation [ ] Oral [X] External
Duration: [ ]Acute [ ]Intermediate [X] Chronic
Species: Human

Minimal Risk Level: 1 []mg/kg/day []ppm []mg/m’ [X] mSv/year (100 mrem/year)

Reference: BEIR V. 1990. Health effects of exposure to low levels of ionizing radiation. Committee on
the Biological Effects of Ionizing Radiations, National Research Council. National Academy Press.
Washington, DC.

Experimental design: Not applicable

Effects noted in study and corresponding doses: No individual studies were identified that could be used
to base a chronic-duration external exposure MRL that did not result in a cancer-producing end point.
However, two sources of information were identified that did provide doses of ionizing radiation that
have not been reported to be associated with detrimental effects (NOAELs). These sources provide
estimates of background levels of primarily natural sources of ionizing radiation that have not been
implicated in producing cancerous or noncancerous toxicological endpoints. BEIR V states that the
average annual effective dose to the U.S. population is 3.6 mSv/year. A total annual effective dose
equivalent of 3.6 mSv (360 mrem)/year to members of the U.S. population is obtained mainly by
naturally occurring radiation from external sources, medical uses of radiation, and radiation from
consumer products. The largest contribution (82%) is from natural sources, two-thirds of which is from
naturally occurring radon and its decay products. Specific sources of this radiation are demonstrated in
Table A-1.

The annual dose of 3.6 mSv per year has not been associated with adverse health effects or increases in
the incidences of any type of cancers in humans or other animals.

Dose and end point used for MRL derivation: 3.6 mSv/year
[X] NOAEL [ ] LOAEL 3.6 mSv/year

Uncertainty Factors used in MRL derivation:

[X]1 [ 13 []10 (for use of a NOAEL)
[X]1 [ 13 []10 (for extrapolation from animals to humans)
[ 11 [X]3 []10 (for human variability)

Was a conversion used from ppm in food or water to a mg/body weight dose? No.




COBALT

APPENDIX A

Table A-1. Average Annual Effective Dose Equivalent from lonizing Radiation to a
Member of the U.S. Population®

Effective dose equivalent

Percent of total

Source mSv  dose
Natural
Radon® 2.0 55
Cosmic 0.27 8.0
Terrestrial 0.28 8.0
Internal 0.39 11
Total natural 3.0 82
Artificial
Medical
X-ray 0.39 11
Nuclear 0.14 4.0
Consumer 0.10 3.0
products
Other
Occupational <0.01 <0.3
Nuclear fuel <0.01 <0.03
cycle
Fallout <0.01 <0.03
Miscellaneous® <0.01  <0.03

Total artificial 0.63 18

Total natural 3.6 100
and artificial

Natural Internal
o

Cosmic

Radon St E DR X Rays
55%

Nuclear Medicine

4%

Consumer
Products 3%

®Adapted from BEIR V, Table 1-3, page 18.

®Dose equivalent to bronchi from radon daughter products

°DOE facilities, smelter, transportation, etc.
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If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:
Not applicable.

Was a conversion used from intermittent to continuous exposure? No.

Other additional studies or pertinent information which lend support to this MRL: ICRP has developed
recommended dose limits for occupational and public exposure to ionizing radiation sources. The ICRP
recommends limiting public exposure to 1 mSv/year (100 mrem/year), but does note that values at high
altitudes above sea level and in some geological areas can sometimes be twice that value (>2 mSv). In
Annex C of ICRP 60, the commission provides data that suggests increasing the dose from 1 mSyv to

5 mSv results in a very small, but detectable, increase in age-specific human mortality rate. ICRP states
that the value of 1 mSv/year was chosen over the 5 mSv value because 5 mSv/year (500 mrem/year)
causes this increase in age specific mortality rate, and 1 mSv/year (100 mrem/year) is typical of the
annual effective dose from background, less radon (ICRP 1991). The 1 mSv estimate may underestimate
the annual exposure to external sources of ionizing radiation to the U.S. population, as it does not include
radiation from radon. Conversely, the 5 mSv estimate may be high, in that increases in mortality rate
been reported. The most useful estimate appears to be the BEIR V estimate of 3.6 mSv, in that it
accounts for an annual exposure to radon, is specific to the U.S. population, has not been associated with
increases mortality, and it falls short of the 5 mSv value associated with small increases in human
mortality.

Calculations:

MRL = NOAELapy, + UF

MRL = 3.6 mSv/year + 3

MRL = 1.20 mSv/year

MRL = 1.0 mSv/year =100 mrem/year above background

Agency Contact (Chemical Manager): Obaid Faroon D.V.M., Ph.D.
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Chapter 1
Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language. Its intended
audience is the general public, especially people living in the vicinity of a hazardous waste site or
chemical release. If the Public Health Statement were removed from the rest of the document, it would
still communicate to the lay public essential information about the chemical.

The major headings in the Public Health Statement are useful to find specific topics of concern. The
topics are written in a question and answer format. The answer to each question includes a sentence that
will direct the reader to chapters in the profile that will provide more information on the given topic.

Chapter 2
Relevance to Public Health

This chapter provides a health effects summary based on evaluations of existing toxicologic,
epidemiologic, and toxicokinetic information. This summary is designed to present interpretive, weight-
of-evidence discussions for human health end points by addressing the following questions.

1. What effects are known to occur in humans?
2. What effects observed in animals are likely to be of concern to humans?

3. What exposure conditions are likely to be of concern to humans, especially around hazardous
waste sites?

The chapter covers end points in the same order that they appear within the Discussion of Health Effects
by Route of Exposure section, by route (inhalation, oral, and dermal) and within route by effect. Human
data are presented first, then animal data. Both are organized by duration (acute, intermediate, chronic).
In vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also
considered in this chapter.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using
existing toxicokinetic, genotoxic, and carcinogenic data. ATSDR does not currently assess cancer
potency or perform cancer risk assessments. Minimal Risk Levels (MRLs) for noncancer end points (if
derived) and the end points from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public
health are identified in the Chapter 3 Data Needs section.

Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, ATSDR has derived MRLs for inhalation and oral
routes of entry at each duration of exposure (acute, intermediate, and chronic). These MRLs are not
meant to support regulatory action, but to acquaint health professionals with exposure levels at which
adverse health effects are not expected to occur in humans.



COBALT B-2

APPENDIX B

MRLs should help physicians and public health officials determine the safety of a community living near
a chemical emission, given the concentration of a contaminant in air or the estimated daily dose in water.
MRLs are based largely on toxicological studies in animals and on reports of human occupational
exposure.

MRL users should be familiar with the toxicologic information on which the number is based. Chapter 2,
"Relevance to Public Health," contains basic information known about the substance. Other sections such
as Chapter 3 Section 3.10, "Interactions with Other Substances,” and Section 3.11, "Populations that are
Unusually Susceptible" provide important supplemental information.

MRL users should also understand the MRL derivation methodology. MRLs are derived using a
modified version of the risk assessment methodology that the Environmental Protection Agency (EPA)
provides (Barnes and Dourson 1988) to determine reference doses (RfDs) for lifetime exposure.

To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement,
represents the most sensitive human health effect for a given exposure route and duration. ATSDR
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available
for all potential systemic, neurological, and developmental effects. If this information and reliable
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive
species (when information from multiple species is available) with the highest no-observed-adverse-effect
level (NOAEL) that does not exceed any adverse effect levels. When a NOAEL is not available, a
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor
(UF) of 10 must be employed. Additional uncertainty factors of 10 must be used both for human
variability to protect sensitive subpopulations (people who are most susceptible to the health effects
caused by the substance) and for interspecies variability (extrapolation from animals to humans). In
deriving an MRL, these individual uncertainty factors are multiplied together. The product is then
divided into the inhalation concentration or oral dosage selected from the study. Uncertainty factors used
in developing a substance-specific MRL are provided in the footnotes of the levels of significant exposure
(LSE) Tables.

Chapter 3
Health Effects
Tables and Figures for Levels of Significant Exposure (LSE)

Tables and figures are used to summarize health effects and illustrate graphically levels of exposure
associated with those effects. These levels cover health effects observed at increasing dose
concentrations and durations, differences in response by species, MRLs to humans for noncancer end
points, and EPA's estimated range associated with an upper- bound individual lifetime cancer risk of 1 in
10,000 to 1 in 10,000,000. Use the LSE tables and figures for a quick review of the health effects and to
locate data for a specific exposure scenario. The LSE tables and figures should always be used in
conjunction with the text. All entries in these tables and figures represent studies that provide reliable,
quantitative estimates of NOAELs, LOAELSs, or Cancer Effect Levels (CELSs).

The legends presented below demonstrate the application of these tables and figures. Representative
examples of LSE Table 3-1 and Figure 3-1 are shown. The numbers in the left column of the legends

correspond to the numbers in the example table and figure.

LEGEND
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See Sample LSE Table 3-1 (page B-6)

Route of Exposure. One of the first considerations when reviewing the toxicity of a substance
using these tables and figures should be the relevant and appropriate route of exposure. Typically
when sufficient data exists, three LSE tables and two LSE figures are presented in the document.
The three LSE tables present data on the three principal routes of exposure, i.e., inhalatio