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3. HEALTH EFFECTS

3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of cobalt. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and
provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.
Section 3.2 contains a discussion of the chemical toxicity of stable cobalt; radiation toxicity associated
with exposure to radioactive cobalt (primarily “’Co) is discussed in Section 3.3. The chemical properties

of stable and radioactive cobalt isotopes are identical and are described in Chapter 4.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

Section 3.2 discusses the chemical toxicity of stable cobalt. Radiation toxicity resulting from exposure to

radioactive cobalt is discussed in Section 3.3.

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-
observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious" or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress

or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,



COBALT 28

3. HEALTH EFFECTS

or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious" and "serious" effects. The distinction between "less serious" effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for cobalt. An MRL is defined as an estimate of daily human exposure to a substance that is likely
to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of
exposure. 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 within a given route of exposure.

MRLs are based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can
be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes.

Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic



COBALT 29

3. HEALTH EFFECTS

bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in
the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

Studies have shown that soluble cobalt compounds are generally more acutely toxic than insoluble cobalt
compounds. When expressed in terms of the cobalt ion for the sake of comparison, however, the
differences in lethality values from the available studies are within an order of magnitude and therefore do
not warrant presentation in separate LSE tables and figures. Therefore, data regarding both soluble and

insoluble cobalt compounds are presented in Tables 3-1, 3-2, and 3-3.

3.2.1 Inhalation Exposure

3.2.1.1 Death

Conclusive evidence for human deaths related to inhalation exposure to cobalt has not been reported;
however, results of several studies and case reports suggest a possible relationship between exposure and

deaths from lung cancer and cardiomyopathy, respectively.

In general, available cohort studies in humans have not reported a significant increase in total mortality as
a result of cobalt exposure. Several studies have noted increased mortality rates resulting from lung
cancer following occupational exposure to cobalt, either as a mixture of cobalt compounds (Mur et al.
1987) or as hard metal, a metal alloy with a tungsten carbide and cobalt matrix (Lasfargues et al. 1994;
Moulin et al. 1998). Fatal cases of hard metal disease (Figueroa et al. 1992; Ruokonen et al. 1996) and
cardiomyopathy (Barborik and Dusek 1972) believed to have resulted from occupational cobalt exposure
have also been reported. However, in the majority of these and other reported occupational studies, co-

exposure to other substances was common, and was unable to be corrected for in the analysis.

Cobalt inhalation can be lethal in animals if exposure is sufficiently high or prolonged. The acute
LC for a 30-minute inhalation exposure in rats was 165 mg cobalt/m’ as cobalt hydrocarbonyl (Palmes

et al. 1959). Exposure to 9 mg cobalt/m’ as cobalt hydrocarbonyl for 6 hours/day, 5 days/week for
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3 months resulted in 16 deaths out of 75 rats (Palmes et al. 1959). Death was reported in rats and mice
exposed to 19 mg cobalt/m’ (but not 1.9 mg cobalt/m’) as cobalt sulfate over 16 days, but exposure to
11.4 mg cobalt/m’ over 13 weeks was lethal only to mice and not to rats (Bucher et al. 1990; NTP 1991).
Exposure to 1.14 mg cobalt/m’ as cobalt sulfate for 104 weeks resulted in no increase in mortality in rats
and mice of either sex (Bucher et al. 1999; NTP 1998). Lethal levels for each species and duration
category are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.1.2 Systemic Effects

No data were located regarding dermal effects in humans or animals after inhalation exposure to stable
cobalt. Inhalation of stable cobalt by humans and/or animals resulted in respiratory, cardiovascular,
hematological, hepatic, renal, endocrine, ocular, and body weight effects. For each effect, the highest
NOAEL values and all reliable LOAEL values for each species and duration category are reported in
Table 3-1 and plotted in Figure 3-1.

Respiratory Effects. Hard metal is a metal alloy with a tungsten carbide and cobalt matrix. It is used to
make cutting tools because of its hardness and resistance to high temperature. Studies (Davison et al.
1983; Harding 1950) suggest that cobalt (and not tungsten carbide) is the probable causative agent for the

respiratory effects observed in hard metal workers (see Section 3.6).

The effects of chronic occupational exposure to cobalt and cobalt compounds on the respiratory system in
humans are well-documented. These effects include respiratory irritation, diminished pulmonary
function, wheezing, asthma, pneumonia, and fibrosis and occurred at exposure levels ranging from

0.007 to 0.893 mg cobalt/m’ (exposure from 2 to 17 years) (Anttila et al. 1986; Davison et al. 1983;
Demedsts et al. 1984a, 1984b; Deng et al. 1991; Gennart and Lauwerys 1990; Gheysens et al. 1985;
Hahtola et al. 2000; Hartung et al. 1982; Kusaka et al. 1986a, 1986b, 1996a, 1996b; Nemery et al. 1992;
Raffn et al. 1988; Rastogi et al. 1991; Ruokonen et al. 1996; Shirakawa et al. 1988, 1989; Sprince et al.
1988; Sundaram et al. 2001; Swennen et al. 1993; Tabatowski et al. 1988; Van Cutsem et al. 1987,
Zanelli et al. 1994). These effects have been observed in workers employed in cobalt refineries, as well

as hard metal workers, diamond polishers, and ceramic dish painters (painting with cobalt blue dye).



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
ACUTE EXPOSURE
Systemic
1 Human 6 hr o Kusaka et al. 1986b
Resp 0.038 (bronchial irritation, reduced
FVC) Hard Metal
2 Rat 5 hr Kyono et al. 1992
Resp 2.72
SD-Jcl Metal
3 Rat 4d ) . Kyono et al. 1992
Resp 2.12 M (Slight damage to respiratory
SD-Jel tissues, assessed by electron Metal
microscopy)
4 Rat 30 min Palmes et al. 1959
Resp 7 26 (edema) 83 (severe edema)
Hydrocarbonyl
INTERMEDIATE EXPOSURE
Death
16 d 5 d/wk 6 hr/d NTP 1991
5 Rat 1.9 19 (2/5 males died)
Sulfate
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
13 wk 5 d/wk 6 hr/d NTP 1991
6 Mouse 38 114 (2 males died)
Sulfate
Systemic
7 Rat 13 wk 5 d/wk 6 hr/d ' ' o . NTP 1991
Resp 0.11  (laryngial squamous metaplasia 0.38  (chronic inflammation of larynx)
and polyps) Sulfate
Cardio 11.4  (increase in severity of
cardiomyopathy)
b
Hemato 1.14 M (polycythemia)
Renal 1.4
Bd Wt 11.4  (15% lower body weight in
males)
8 Rat 3 mo 5 d/wk 7 h/d . Palmes et al. 1959
Resp 9  (lung inflamm)
Hydrocarbonyl
b
Hemato 9  (10% increase in hemoglobin)
Bd Wt 9
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

a
Key to Species

Exposure/ LOAEL

Duration/

Frequency NOAEL Less Serious Serious
(Specific Route)

Reference

figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
° Mouse 1605 diwk & hrid Resp 0.2 1.9 (respiratory tract inflammation) 19  (necrosis) NTP 1991
Sulfate

Cardio 76

Gastro 76

Musc/skel 76

Hepatic 19  (necrosis)

Renal 76

Dermal 76

S103443 H1TV3IH '€

17va02

€e



17va02

Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
10 Mouse 13 wk 5 d/wk 6 hr/d _ NTP 1991
Resp 0.11  (larynx metaplasia) 3.8 M (acute inflam of nose)
Sulfate
C
1.14 F (acute inflam of nose)
Gastro 11.4
Hemato 11.4
w
Musc/skel 11.4 %
>
Z
T
Hepatic 11.4 m
m
T
m
Renal 11.4 3]
»
Dermal 11.4
Bd Wt 11.4  (13-20% decrease in body
weight)
i 66 d Camner et al. 1993
T Gn Pig Resp 2.4 F (Increased lung weight, )
(Hartley) increased retention of lavage ~ Chloride

fluid)

1%



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

a
Key to Species

Exposure/ LOAEL

Duration/

Frequency NOAEL Less Serious Serious
(Specific Route)

Reference

figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
12 Gn Pig 3 mo 5 d/wk 7 h/d b . . . Palmes et al. 1959
Hemato 9 (5% increase in hemoglobin)
Hydrocarbonyl
13 Dog 3 mo 3d/wk 7h/d Palmes et al. 1959
Hemato 9
Hydrocarbonyl
Bd Wt 9 (wtloss)
14 Rabbit 4 mo 5 d/wk 6 h/d ) ) . . Johansson et al. 1987
Resp 0.4 (moderate lung inflammation) 2 (severe lung inflammation)
15 Rabbit 4 mo Johansson et al. 1991
Resp 05M .
Chloride
16 Rabbit 4 mo . . . . Johansson et al. 1992
Resp 0.6 M (Histologic alterations in .
pulmonary tissue; altered BAL Chloride
parameters)

S103443 H1TV3IH '€

17va02

15



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form

17

18

19

20

21

Pig 3 mo 5d/wk 6hr/d
Resp 0.1
Cardio 0.1
Hepatic 1
Renal 1
Bd Wt 0.1
Immuno/ Lymphoret
Rat 16 d 5 d/wk 6 hr/d 19
Mouse 13 wk 5 d/wk 6 hr/d
114
Neurological
Rat 16 d 5 d/wk 6 hr/d 19
Mouse 16 d 5 d/wk 6 hr/d 19

(decr compliance)

(EKG changes)

(decr wt gain)

(necrosis of thymus)

(lymph node hyperplasia)

(congestion of vessels in brain)

(congestion of vessels in brain)

Kerfoot 1975
Metal

NTP 1991
Sulfate

NTP 1991
Sulfate

NTP 1991
Sulfate

NTP 1991
Sulfate
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form

Reproductive

16 d 5 d/wk 6 hr/d NTP 1991
22 Rat 19 M (testes atrophy)

Sulfate
23 Mouse 13 wk 5 d/wk 6 hr/d 3 ' NTP 1991
1.14 M (decreased sperm motility) 11.4  (testes atrophy- increased
length estrous cycle) Sulfate
CHRONIC EXPOSURE
Systemic
24 Human occup Deng et al. 1991
Resp 0.0175
(occup) Metal
25 Human occup Gennart and Lauwerys 1990
Resp 0.1355 (Decreased FEV1 and FVC
(occup) ~10%; increased cough, Hard-Metal
sputum, dyspnea)
26 Human occup d Nemery et al. 1992
Resp 0.0053 0.0151  (Decreased FEV1, FVC
(oceup) increased cough and upper Metal
airway irritation)
27 Human occup . Prescott et al. 1992
Endocr 0.05 F (Decreased thyroid volume; . .
(occup) increases in T4 and FT4I levels) Zinc-Silicate Dye

17va02
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
occu Shirakawa et al. 1988
28 Human p Resp 0.007  (asthma)
Hard Metal
occu Sprince et al. 1988
29 Human p Resp 0.051  (interst lung dis) et
Hard Metal
30 Human 8yr ) Swennen et al. 1993
Resp 0.125 (Dyspnoea and wheezing)
(occup) Metal
Hemato 0.125 (Decreased red cell counts
~5%; decreased total
hemoglobin ~4%)
Endocr 0.125 (Slight (~7%) decrease in T3
levels)
Dermal 0.125 (Eczema and erythema)
104 wk NTP 1998
3 Ra.t Resp 0.11  (Hyper- and metaplasia of
(Fischer- 344) respiratory tract tissues; Sulfate
pulmonary fibrosis)
32 Mouse 104 wk N 01 (L ial metaplasia) NTP 1998
es . aryngial metaplasia
(B6C3F1) P yne P Sulfate
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
33 Hamster life 5d/wk 7h/d Wehner et al. 1977
Resp 7.9 (emphysema)
Oxide
Bd Wt 7.9

Immuno/ Lymphoret

34 Human occup o Shirakawa et al. 1986a
0.007 (sensitization)

Hard Metal
35 Human 8yr ) Swennen et al. 1993
0.125 (Increased white cell count by
(occup) 19%) Metal
Cancer

104 wk NTP 1998

36 R?t W 1.14 M (alveoloar/bronchiolar

(FlSCher- 344) neop|asms) Sulfate

1.14 F (pheochromocytoma)

0.38 F (alveoloar/bronchiolar
neoplasms)

S103443 H1TV3IH '€

6¢



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form

104 wk NTP 1998
37 Mouse 1.14 M (Combined alveolar/bronchiolar
(B6C3F1) adenoma/carcinoma) Sulfate

0.38 F (Combined alveolar/bronchiolar
adenomalcarcinoma)

@ The number corresponds to entries in Figure 3-1.
b An increase in hemoglobin or red blood cells (polycythemia) is not necessarily considered an adverse effect.

C Differences in levels of health effects and cancer effect between males and females are not indicated in Figure 3-1. Where such differences exist, only the levels of effect for the
most sensitive gender are presented.

d Used to derive a chronic inhalation Minimal Risk level (MRL) of 0.0001 mg Co/m3., dose adjusted for intermittent exposure, and divided by an uncertainty factor of 10 (for human

variability).

Bd = body weight; Cardio = cardiovascular, d = day(s); Derm = dermal; Endocr = endocrine; F = female; Gastro = gastrointestinal; Gn Pig = guinea pig; Hemato = hematological; hr =
hour(s); LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s); Musc/skel = muscular/skeletal; NOAEL = no-observed-adverse-effect level; (occup) =
occupational; Resp = respiratory; wk = week(s); yr = year(s).
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity -
Intermediate (15-364 days)

Inhalation (Continued)
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (Continued)
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Kusaka et al. (1986b) described an acute exposure of 15 healthy young men to atmospheres of hard metal
dust containing 0.038 mg cobalt/m’ for 6 hours. Forced vital capacity (FVC) was reduced, but no dose-
response relation could be discerned. By contrast, 42 workers occupationally exposed to hard metal
showed no decrease in ventilatory function at 0.085 mg cobalt/m’, but significant changes in FEV,
(forced expiratory volume in 1 second) at 0.126 mg cobalt/m’ (Kusaka et al. 1986b). Several other
studies of hard metal workers have shown respiratory effects, including decreased ventilatory function,
wheezing, asthma, and fibrosis (Kusaka et al. 1996a, 1996b; Ruokonen et al. 1996; Zanelli et al. 1994),

but have had less complete reports of exposure.

Swennen et al. (1993) performed a cross-sectional study on 82 workers in a cobalt refinery. Workers
were examined for cobalt in blood and urine, a number of erythropoietic variables, thyroid metabolism,
pulmonary function, skin lesions, and several serum enzymes. The concentrations of cobalt in blood and
in urine after the shift were significantly correlated with those in air. Workers exposed to airborne cobalt
metal, salts, or oxides (mean concentration 0.125 mg/m’, range 0.001-7.7 mg/m’) showed an increased
(p<0.05) prevalence of dyspnea and wheezing and had significantly more skin lesions (eczema, erythema)
than control workers. A dose-effect relation was found between the reduction of the FEV, and the

intensity of the current exposure to cobalt, as assessed by measurement of cobalt in blood, air, or urine.

Gennart and Lauwerys (1990) examined the ventilatory functions of 48 diamond polishing workers,
relative to 23 control workers. Exposure occurred mainly in one of two rooms, with mean airborne
concentrations of 0.0152 and 0.1355 mg cobalt/m’; control subjects worked in other areas of the facilities,
where no exposure to cobalt occurred. Significant decreases in ventilatory function were found in the
exposed workers relative to the control workers. Duration of exposure played a significant factor, with no
significant differences in workers who had been exposed for <5 years; reported decreases in ventilatory
function were noted in workers exposed for > 5 years. Inhalation exposure to cobalt salts (exposure
levels not reported) among glass bangle workers resulted in decreases in decreased ventilatory function,

generally restrictive in nature, relative to controls (Rastogi et al. 1991).

Nemery et al. (1992) conducted a cross-sectional study of cobalt exposure and respiratory effects in
diamond polishers. Exposure occurred mainly from the generation of airborne cobalt resulting from the
use of cobalt-containing polishing discs. The study groups were composed of 194 polishers working in
10 different workshops, and were divided into control, low-, and high-exposure groups. The low-

exposure group (n=102) was exposed to an average of 0.0053 mg cobalt/m’, based on personal sampling
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measurements, while the exposure level for the high dose group (n=92) was 0.0151 mg cobalt/m’; there
was considerable overlap in the total range of concentrations for the low- and high-exposure groups.
Workers in the high-exposure group were more likely than those in the other groups to complain about
respiratory symptoms; the prevalence of eye, nose, and throat irritation and cough, as well as the fraction
of these symptoms related to work, were significantly increased in the high-exposure group. Workers in
the high-exposure group also had significantly reduced lung function compared to controls and low-
exposure group workers, as assessed by FVC, FEV |, MMEF (forced expiratory flow between 25 and 75%
of the FVC) and mean PEF (peak expiratory flow rate). Results in the low-exposure group did not differ
from controls. Based on the NOAEL of 0.0053 mg cobalt/m’ for decreased ventilatory function in
exposed workers, a chronic inhalation MRL of 1x10-4 mg cobalt/m® was calculated as described in
footnote (d) in Table 3-1. It should be noted that this MRL value may not be protective for some

hypersensitive individuals.

As with exposures in humans, exposures of animals to cobalt-containing aerosols have resulted in
pronounced respiratory effects. Animals exposed to aerosols of cobalt oxides and cobalt sulfate
developed respiratory effects that varied in severity with exposure level and duration. A single 30-minute
exposure of rats to relatively high levels (26-236 mg cobalt/m’ as cobalt hydrocarbonyl) resulted in
congestion, edema, and hemorrhage of the lung (Palmes et al. 1959). Prolonged exposure (3—4 months)
of rats and rabbits to mixed cobalt oxides (0.4-9 mg cobalt/m’) resulted in lesions in the alveolar region
of the respiratory tract characterized histologically by nodular accumulation of Type II epithelial cells,
accumulations of enlarged highly vacuolated macrophages, interstitial inflammation, and fibrosis
(Johansson et al. 1984, 1987, 1991, 1992; Kyono et al. 1992; Palmes et al. 1959). In at least one instance,
the lesions appeared to regress when exposure was terminated (Palmes et al. 1959). Guinea pigs
sensitized to cobalt by repeated dermal application and then exposed to 2.4 mg cobalt/m’ as cobalt
chloride showed pulmonary inflammatory changes (altered BAL fluid recovery, increased neutrophils and
eosinophils in the recovered BAL fluid) that were different than those in exposed animals not sensitized
to cobalt (Camner et al. 1993). Decreased lung compliance was found in pigs exposed to 0.1 mg
cobalt/m’ as cobalt dust for 3 months (Kerfoot 1975). Lifetime exposure of hamsters to 7.9 mg

cobalt/m’ as cobalt oxide resulted in emphysema (Wehner et al. 1977).

Necrosis and inflammation of the respiratory tract epithelium (nasal turbinates, larynx, trachea,
bronchioles) were reported in rats exposed to 19 mg cobalt/m® and mice exposed to 1.9 mg cobalt/m’ or

greater as cobalt sulfate over 16 days (Bucher et al. 1990; NTP 1991). Exposure of rats and mice to
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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 (Bucher et al. 1990; NTP 1991). At concentrations of >0.11 mg
cobalt/m’, rats and mice developed 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 nose, larynx, 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 nose, larynx, 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 (Bucher et al. 1999; 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 cobalt 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.

Cardiovascular Effects. Occupational exposure of humans to cobalt-containing dust, either as
cobalt metal or as hard metal, has been shown to result in cardiomyopathy, characterized by functional
effects on the ventricles (Horowitz et al. 1988) and/or enlargement of the heart (Barborik and Dusek
1972; Jarvis et al. 1992), but the exposure levels associated with cardiac effects of inhaled cobalt in
humans have not been determined. Jarvis et al. (1992) reported on two patients (exposure histories not
specified) who had been admitted to the emergency room for cardiac failures; these failures were believed
to be associated with cobalt exposure. Barborik and Dusek (1972) reported a case of a 41-year-old man
who was admitted to the hospital with cardiac failure following occupational exposure to cobalt; cobalt
concentrations in heart, liver, lung, spleen, and kidney were elevated over two control patients. Horowitz
et al. (1988) reported that in a cohort of 30 hard metal workers (exposure histories not specified),
significant decreases in exercise right ventricular ejection fraction (EF) were seen in workers with
abnormal chest x-rays relative to those with normal chest x-rays. It is possible that these effects were
secondary to the respiratory effects of inhaled cobalt. It was concluded that cobalt is a weak
cardiomyopathic agent following occupational exposure (Horowitz et al. 1988). Cardiomyopathy is a

characteristic toxic effect of cobalt following oral exposure in both humans and animals (Section 3.2.2.2).
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In rats, exposure to 11.4 mg cobalt/m’ as cobalt sulfate over 13 weeks resulted in a marginal increase in
the severity of cardiomyopathy as compared to controls (minimal-mild in treated animals versus minimal
in controls; 3/10 animals affected in either group) (Bucher et al. 1990; NTP 1991). Cardiomyopathy was
not observed in mice exposed to <76 mg cobalt/m’ as cobalt sulfate over 16 days (Bucher et al. 1990;
NTP 1991), nor in mice or rats exposed to up to 1.14 mg cobalt/m’ for 2 years (Bucher et al. 1999; NTP
1998). Electrocardiogram abnormalities that may reflect ventricular impairment have been observed in
miniature swine (n=5) exposed to 0.1 mg cobalt dust/m’ for 6 hours/day, 5 days/week for 3 months

(Kerfoot 1975).

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans after

inhalation exposure to stable cobalt.

No histological lesions were reported in the esophagus, stomach, duodenum, ileum, jejunum, cecum,
colon, or rectum of rats or mice of either sex exposed to 76 mg cobalt/m’ or less as cobalt sulfate for
16 days, up to 11.4 mg cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’ for 104 weeks (Bucher et al.
1990, 1999; NTP 1991, 1998).

Hematological Effects. Swennen et al. (1993) reported slightly, but statistically significantly,
decreased levels of red cells and total hemoglobin (~4—5% decreases) in a group of 82 workers
occupationally exposed to a mean concentration of 0.125 mg cobalt/m’ as cobalt metal dust. No other

studies were located regarding hematological effects in humans after inhalation exposure to cobalt.

Increased levels of hemoglobin and increased numbers of basophils and monocytes have been observed in
rats and guinea pigs, but not in dogs, exposed to 9 mg cobalt/m’ as cobalt hydrocarbonyl for 3 months
(Palmes et al. 1959). Polycythemia was reported in rats, but not mice, exposed to 1.14 mg cobalt/m’ as

cobalt sulfate for 13 weeks (Bucher et al. 1990; NTP 1991).

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans after

inhalation exposure to cobalt.

No histological lesions were reported in the sternebrae (segments of the sternum), including the bone

marrow, of rats or mice exposed to <76 mg cobalt/m’ as cobalt sulfate for 16 days, up to 11.4 mg
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cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’ for 104 weeks (Bucher et al. 1990, 1999; NTP 1991,

1998) (see the above section on respiratory effects for detailed descriptions of exposure conditions).

Hepatic Effects. Congestion of the liver was observed upon autopsy of a metal worker (exposure
history not reported) who had been occupationally exposed to an unknown level of cobalt for 4 years

(Barborik and Dusek 1972). The cause of death was determined to be cardiomyopathy.

Necrosis and congestion of the liver were observed in both rats and mice that died following exposure to
19 mg cobalt/m’ as cobalt sulfate over 16 days (Bucher et al. 1990; NTP 1991). No histological effects
on the liver were found in pigs exposed to up to 1.0 mg cobalt/m’ as cobalt metal dust for 3 months

(Kerfoot 1975).

Renal Effects. Congestion of the kidneys was observed upon autopsy of a metal worker who had
been occupationally exposed to an unknown level of cobalt for 4 years (Barborik and Dusek 1972). The

cause of death was determined to be cardiomyopathy.

A significant increase in the relative weight of the kidneys was reported in male rats exposed to 0.11 mg
cobalt/m’ or greater as cobalt sulfate for 13 weeks (Bucher et al. 1990; NTP 1991). No effects were
observed upon histological examination of the kidneys in rats or mice following exposure to <76 mg
cobalt/m’ as cobalt sulfate for 16 days, up to 11.4 mg cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’
for 104 weeks (Bucher et al. 1990, 1999; NTP 1991, 1998). No histological effects on the kidneys were
found in pigs exposed to up to 1.0 mg cobalt/m’ as cobalt metal for 3 months (Kerfoot 1975).

Dermal Effects. No studies were located regarding dermal effects in humans or animals after

inhalation exposure to stable cobalt.

Endocrine Effects. A group of female workers occupationally exposed to a semisoluble cobalt glaze
(cobalt-zinc silicate, estimated concentrations of 0.05 mg Co/m’) showed significantly elevated levels of
serum thyroxine (T4) and free thyroxine, but no change in T3 levels (Prescott et al. 1992). In contrast to
this, Swennen et al. (1993) reported no significant change in serum T4 levels, but a significant reduction

in serum T3 in workers occupationally exposed to cobalt oxides, cobalt salts, and cobalt metal.
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Ocular Effects. Congestion of the conjunctiva was observed in a metal worker after occupational
exposure to an unknown level of cobalt for 4 years (Barborik and Dusek 1972); however, due to the
nature of the exposure, this effect may also have been the result of direct dermal or ocular contact. Upon

autopsy, the cause of death was determined to be cardiomyopathy.

No histological lesions were reported in the eyes or on the skin of rats or mice exposed to <76 mg
cobalt/m’ as cobalt sulfate for 16 days, up to 11.4 mg cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’
for 104 weeks (Bucher et al. 1990, 1999; NTP 1991, 1998).

Body Weight Effects. Weight loss, measured individually from time of initial examination
throughout followup, was observed in a group of five diamond polishers suffering from cobalt-induced

interstitial lung disease (Demedts et al. 1984b), but the exposure level of cobalt was not reported.

Decreased body weight, relative to controls at study termination, was reported in both rats and mice
exposed to 19 mg cobalt/m’ as cobalt sulfate over 16 days or to 11.4 mg cobalt/m’ for 13 weeks (Bucher
et al. 1990; NTP 1991). A 13-week exposure to 11.4 mg cobalt /m’ resulted in ruffled fur in male rats,
with no clinical signs reported in female rats or either sex of mice (Bucher et al. 1990; NTP 1991).
Chronic exposure of rats and mice to up to 1.14 mg cobalt/m’ did not result in decreased body weight

(Bucher et al. 1999; NTP 1998).

Weight loss was found in dogs, but not rats or guinea pigs, exposed for 3 months to cobalt at a level of
9 mg cobalt/m’ as cobalt hydrocarbonyl (Palmes et al. 1959). Lifetime exposure of hamsters to a similar
concentration (7.9 mg cobalt/m’ as cobalt oxide) did not result in decreased body weight gain (Wehner et

al. 1977).

3.2.1.3 Immunological and Lymphoreticular Effects

Cobalt is known to function as a hapten, resulting in the generation of antibodies against cobalt-protein
complexes. Although the minimum exposure level associated with cobalt sensitization has not been
determined, sensitization has been demonstrated in hard metal workers with work-related asthma who
have experienced prolonged occupational exposure (>3 years) to levels ranging from 0.007 to 0.893 mg

cobalt/m® (Shirakawa et al. 1988, 1989). The lower end of this range, 0.007 mg/m’, is reported in
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Table 3-1 and plotted in Figure 3-1 as a LOAEL. The sensitization phenomenon includes the production
of IgE and IgA antibodies to cobalt (Bencko et al. 1983; Shirakawa et al. 1988, 1989). Exposure to
inhaled cobalt chloride aerosols can precipitate an asthmatic attack in sensitized individuals (Shirakawa et

al. 1989), believed to be the result of an allergic reaction within the lungs.

Necrosis of the thymus was reported in rats exposed to 19 mg cobalt/m’ as cobalt sulfate over 16 days,
and hyperplasia of the mediastinal lymph nodes was found in mice exposed to 11.4 mg cobalt/m’ for
13 weeks (Bucher et al. 1990; NTP 1991). Tests of immunological function, however, were not

performed on the rats or mice.

3.2.1.4 Neurological Effects

Occupational exposure to cobalt in humans has been reported to cause several effects on the nervous
system, including memory loss (Wechsler Memory Scale-Revised), nerve deafness, and a decreased
visual acuity (Jordan et al. 1990; Meecham and Humphrey 1991). It should be noted, though, that both of
these studies had small numbers of subjects (n=38 for Jordan et al. 1990, n=1 for Meecham and

Humphrey 1991), and exposure characterization was not reported.

Congestion in the vessels of the brain/meninges was reported in rats and mice exposed to 19 mg

cobalt/m’ or greater as cobalt sulfate over 16 days (Bucher et al. 1990; NTP 1991).

3.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to cobalt.

In animals, long-term exposure to cobalt-containing aerosols has resulted in effects on reproductive end
points. Testicular atrophy was reported in rats, but not in mice, exposed to 19 mg cobalt/m’ as cobalt
sulfate over 16 days (Bucher et al. 1990; NTP 1991). Following exposure of mice to cobalt (as cobalt
sulfate) for 13 weeks, a decrease in sperm motility was found at 1.14 mg cobalt/m’, and testicular atrophy
was found at 11.4 mg cobalt/m’. A significant increase in the length of the estrous cycle was reported in

female mice exposed to 11.4 mg cobalt/m® for 13 weeks (Bucher et al. 1990; NTP 1991). No effects on



COBALT 52

3. HEALTH EFFECTS

the male or female reproductive systems were observed in rats similarly treated for 13 weeks (Bucher et
al. 1990; NTP 1991), or in mice or rats exposed to up to 1.14 mg cobalt/m’ for 104 weeks (Bucher et al.
1999; NTP 1998).

3.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after inhalation exposure

to cobalt.

3.2.1.7 Cancer

Several studies have evaluated the effects of inhalation of cobalt-containing compounds on possible
carcinogenicity in humans. The mortality of a cohort of 1,143 workers in a plant that refined and
processed cobalt and sodium was analyzed (Mur et al. 1987); the French national population mortality
data were used as a reference population. An increase in deaths due to lung cancer was found in workers
exposed only to cobalt (standardized mortality ratio [SMR] of 4.66; four cases in the exposed group
versus one case in the controls). In a study within the cohort that controlled for date of birth, age at death,
and smoking habits, 44% (four workers) in the group exposed to cobalt and 17% (three workers) in the
group not exposed to cobalt died of lung cancer. The authors, however, indicated that the difference was
not statistically significant and that the workers were exposed to both arsenic and nickel as well as cobalt.
The nonneoplastic lung diseases commonly found in cobalt-exposed workers (see Section 3.2.1.2) were
not reported in this group. These lung diseases may have been present in these workers, but if they were
not listed as the cause of death on the death certificate, they would not have been mentioned. Inhalation
was probably a prominent route of exposure to cobalt; however, oral and dermal exposure probably
occurred as well. No adjustments were made for smoking habits in the larger study, and the exposure
levels of cobalt were not reported for either study. However, a followup study of this cohort (Moulin et
al. 1993) did not report significant increases in mortality due to respiratory or circulatory diseases.
Similarly, no increase in the SMR for lung cancer was noted in exposed workers, relative to controls.
While an elevated SMR for lung cancer was seen in maintenance workers (SMR=1.80, 95% confidence
interval [CI]=0.78-3.55), it was not statistically significant, since the 95% confidence interval included an

SMR of 1.
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Lasfargues et al. (1994) reported on the mortality of a cohort of 709 male workers in a French hard metal
plant, using the national rates for French males for comparison. The overall mortality did not differ from
expected, but there was a significant increase in mortality due to cancer of the trachea, bronchus, and lung
(SMR=2.13, 95% CI=1.02-3.93). Smoking alone did not account for the lung cancer excesses, although

the influence of smoking on the observed mortality could not be entirely ruled out.

A cohort of 5,777 males and 1,682 females who were exposed occupationally to cobalt (concentrations
ranging from 1 to 515 pg/m’, means of exposure levels ranging from 39.37 to 169.0 pg/m’) and tungsten
carbide (as hard metal dust) was examined by Moulin et al. (1998). A significantly increased mortality
rate (SMR=1.30, 95% CI=1.00-1.66) was seen for lung cancer in exposed workers, when compared to the
national average. Within this study group, 61 cases and 180 controls were selected for a case-control
study of cancer risk. When exposures during the last 10 years were ignored, presumably because cancer
is a late-developing disease, a significant increase in lung cancer mortality (OR=1.93, 95% CI=1.03-3.62)
relative to controls was seen among workers simultaneously exposed to cobalt and tungsten carbide.
Significant trends for increasing cancer risk with increasing cumulative exposure and exposure duration
were noted. Adjustments for smoking and for coexposures to other carcinogens did not change the

results, though occupational risk was greatest among smokers.

A later study by the same group (Moulin et al. 2000) examined the lung cancer mortality of 4,288 male
and 609 female workers employed in the production of stainless and alloyed steel from 1968 to 1992. No
significant changes in mortality rate from lung cancer were seen among exposed workers (SMR=1.19,
95% CI=0.88—1.55), and a concurrent case control study identified no correlation between lung cancer

excess and for exposure to cobalt (OR=0.64, 95% CI=0.33-1.25).

Wild et al. (2000) reported on a cohort of 2,216 male hard metal workers who had been employed for at
least 3 months; this cohort was the same as that in Moulin et al. (2000), with some modifications. The
total mortality was not increased in workers, relative to local mortality rates. However, lung cancer
mortality was significantly increased (SMR=1.70, 95% CI=1.24-2.26). The risks increased with
increasing exposure scores, even after adjustment for smoking and coexposure to other known or

suspected carcinogens.
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Inhalation exposure to 7.9 mg cobalt/m’ as cobalt oxide intermittently for a lifetime did not increase the

incidence of malignant or benign tumors in hamsters (Wehner et al. 1977).

NTP (1998) exposed groups of rats and mice of both sexes to 0, 0.11, 0.38, or 1.14 mg cobalt/m’ as cobalt
sulfate for 2 years. Increased incidence of alveolar/bronchiolar neoplasms was noted following lifetime
exposure of male rats to 1.14 mg cobalt/m’ and in female rats exposed to 0.38 mg cobalt/m® (Bucher et al.
1999; NTP 1998). Statistical analysis revealed that tumors occurred with significantly positive trends in
both sexes of rats. Similarly, mice of both sexes exposed to 1.14 mg cobalt/m® showed an increase in

alveolar/bronchiolar neoplasms, again with lung tumors occurring with significantly positive trends.

3.2.2 Oral Exposure

3.2.2.1 Death

In several studies, lethal cardiomyopathy was reported in people who consumed large quantities of beer
containing cobalt sulfate (Alexander 1969, 1972; Bonenfant et al. 1969; Morin et al. 1967, 1971; Sullivan
et al. 1969). The deaths occurred during the early to mid 1960s, at which time, breweries in Canada, the
United States, and Europe were adding cobalt to beer as a foam stabilizer (Alexander 1969, 1972;
Bonenfant et al. 1969; Morin et al. 1967, 1971; Sullivan et al. 1969); this practice has been discontinued.
Deaths occurred following ingestion of beer containing 0.04—0.14 mg cobalt/kg/day for a period of years
(approximately 8—30 pints of beer each day). “Acute mortality” (death within several days of admission)
accounted for 18% of the deaths (Alexander 1972). Approximately 43% of the patients admitted to the
hospital with cardiomyopathy died within several years of the initial hospital visit. It should be noted,
however, that the cardiomyopathy may have also been due to the fact that the beer-drinkers had protein-

poor diets and may have had prior cardiac damage from alcohol abuse.

Treatment of both pregnant and nonpregnant anemic patients with doses of cobalt (0.6—1 mg/kg/day) that
were much higher than the doses in the beer did not result in mortality (Davis and Fields 1958; Holly

1955). A 19-month-old male child who swallowed an unknown amount of a cobalt chloride solution died
approximately 6.5 hours after ingestion, despite repeated induced vomiting, gastric lavage, and supportive

therapy (Jacobziner and Raybin 1961).
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Oral LDs, values for several cobalt compounds have been determined in Wistar rats (FDRL 1984a,
1984b, 1984c; Singh and Junnarkar 1991; Speijers et al. 1982). The LDs, values ranged from 42.4 mg
cobalt/kg as cobalt chloride to 317 mg cobalt/kg as cobalt carbonate. An LDsy of 3,672 mg cobalt/kg was
also found for tricobalt tetraoxide, a highly insoluble cobalt compound (FDRL 1984c¢). The exact cause
of death in rats is unknown, but effects on the heart, liver, gastrointestinal tract, and kidneys have been
observed. In Sprague-Dawley rats, death has been reported to occur at 161 mg cobalt/’kg given by gavage
as cobalt chloride (Domingo and Llobet 1984). In male Swiss mice, the LDs values for cobalt chloride
and cobalt sulfate have been reported to be 89.3 and 123 mg cobalt/kg, respectively (Singh and Junnarkar
1991).

Following 5 weeks of exposure to 20 mg cobalt/kg/day as cobalt sulfate by gavage, 20-25% of the guinea
pigs died (Mohiuddin et al. 1970). The animals were given cobalt sulfate alone or in combination with
ethanol (as part of a liquid diet) to compare the effects seen in animals to those seen in humans suffering
from beer-cobalt cardiomyopathy. Although effects on the heart were found in the treated animals,

alcohol did not appear to intensify the toxic effect.

The LDs, and all reliable LOAEL values for each species and duration category are reported in Table 3-2
and plotted in Figure 3-2.

3.2.2.2 Systemic Effects

Oral cobalt exposure in humans and/or animals resulted in respiratory, cardiovascular, gastrointestinal,
hematological, hepatic, renal, endocrine, dermal, ocular, hypothermic, and body weight effects. For each
effect, the highest NOAEL values and all reliable LOAEL values for each species and duration category
are reported in Table 3-2 and plotted in Figure 3-2.

Respiratory Effects. In 50 patients with beer-cobalt cardiomyopathy, pulmonary rales and
pulmonary edema were observed and were attributed to cobalt-induced cardiac failure (Morin et al. 1971).
These patients had ingested, over a period of years, an average of 0.04 mg cobalt/kg/day in beer
containing cobalt sulfate that was added to stabilize the foam. It should be noted that these patients
consumed significant quantities of alcohol, and the effect that this may have had on the symptoms seen is

not known.



Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (a/kgiday) (mg/kg/day) (mglkg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat 1x 1611 (LD50) Domingo and Llobet 1984
(Sprague- (GW) Chloride
Dawley)
2 Ra‘t 1x 424 (LD50) Singh and Junnarkar 1991
(Wistar) (GW) Chloride
3 Ra.t 1x 194 (LD50) Singh and Junnarkar 1991
(Wistar) (GW) Sulfate
4 Raf[ 1x 91 (LD50) Speijers et al. 1982
(Wistar) (GO) Fluoride
1x Speij t al. 1982
5 Raj[ 187 (LD50) peijers et a
(Wistar) (GO) Phosphate
Rat 1x Speijers et al. 1982
6 a 109 (LD50) pel
(Wistar) (GW) Bromide
7 R 1x Speij t al. 1982
a.t 159  (LD50) peijers eta
(Wistar) (GO) Oxide
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
1 Speij t al. 1982
8 Raf[ X 168 (LD50) peijers et a
(Wistar) (GW) Acetate
1 Speij t al. 1982
9 Raj[ X 190  (LD50) peijers et a
(Wistar) (GW) Chloride
1 Speijers et al. 1982
10 Ra‘t X 140 (LD50) pel
(Wistar) (GW) Bromide
1 Speij t al. 1982
1 Ra.t X 161 (LD50) peijers et a
(Wistar) (GW) Sulfate
1x Singh and Junnarkar 1991
12 Mouse 123 (LD50) 9
(Swiss- (GW) Sulfate
Webster)
1x Singh and Junnarkar 1991
13 Mouse 89.3 (LD50) 9
(Swiss- (GW) Chloride
Webster)
Systemic
14 Human 2 wk ) ) Roche and Layrisse 1958
Endocr 1  (decreased lodine uptake in .
(C) Chloride

thyroid)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
15 Rat 1x b . ) Domingo and Llobet 1984
Hemato 161.1  (increased hematocrit 8%) .
(GW) Chloride
16 Rat 1x FDRL 1984a
Other 110 209 (Clinical signs, including
(GW) decreased activity, ataxia, Sulfate
diarrhea, salivation)
17 Rat 1x o ) FDRL 1984b
Other 149  (Decreased activity, diarrhea)
(Sprague-  (GO) Carbonate
Dawley)
18 Rat 1x Renal 194 ( d uri tout) Singh and Junnarkar 1991
ena . ncreased urinary outpu
(Wistar) (GW) youlp Sulfate
1x Speijers et al. 1982
19 Ra.t Cardio 109.6 176.6  (proliferative interstitial tissues, P J_
(Wistar) (GO) swollen muscle fibers, focal Fluoride
myocardial degeneration)
Hepatic 42.6 68.2  (hyperemia)
Renal 42,6 (swollen proximal tubules) 176.6  (degeneration of proximal
tubules)
Other 109.6  (hypothermia)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

Exposure/ LOAEL
a Duration/

Key to Species Frequency NOAEL Less Serious Serious Reference

figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form

20 Rat 1x Speij t al. 1982

a. Cardio 794.5 (hemorrhage) peferseta
(Wistar) (GO) Oxide

Hepatic 157.3  (hyperemia)
Renal 157.3  (hyperemia)
Other 157.3  (hypothermia)

21 Mouse 48 hr o ) Bryan and Bright, 1973

) Hemato 76.4 M (Alteration in electrophoretic .
Wévtl)ss’i-sr) (W) profile of serum proteins) Chloride
22 Mouse 3 mo Bryan and Bright, 1973
) Hemato 76.4 M
(Swiss- (W) Chloride
Webster)
Neurological
23 Rat 1x 194 (Mildd on of Singh and Junnarkar 1991
) . ild depression o
(Wistar)  (GW) 0 Sulfate

spontaneous activity, muscle
tone, and respiration)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
24 Rat 1x ) ) Singh and Junnarkar 1991
. 4.25  (Mild depression of .
(Wistar) (GW) spontaneous activity, muscle Chloride
tone, and respiration)
Developmental
25 Rat Gd 6-15 248 Paternian et al. 1988
(GW) ' Chloride
26 Mouse Gd 8-12 817 Seidenberg 1986
(GwW) ' Chloride
INTERMEDIATE EXPOSURE
Death
27 H NR Morin et al. 1971
uman 0.04 (death) '
(W) Sulfate
28 Gn Pig 5 wk 20 (death) Mohiuddin et al. 1970
(F) Sulfate
Systemic
29 H NR Al der 1972
uman Cardio 0.07  (beer-cobalt cardiomyopathy) exander
(W) Sulfate
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
30 Human 1x/d 25d c ) Davis and Fields 1958
Hemato 1 (polycythemia) .
(@) Chloride
31 Human 12-32 wk Duckham and Lee 1976b
Gastro 0.18 (nausea) .
(€) Chloride
b
Hemato 0.18 (increased hemoglobin,
23-102% increase)
32 Human 90d o Holly 1955
Gastro 0.5 (gastric intolerance) .
(@) Chloride
Hemato 0.6
Hepatic 0.6
33 Human NR Morin et al. 1971
Resp 0.04 (edema)
(W) Sulfate
Cardio 0.04  (beer-cobalt cardiomyopathy)
Gastro 0.04  (vomiting, nausea)
Hepatic 0.04 (necrosis)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

a
Key to Species

Exposure/
Duration/
Frequency
(Specific Route)

LOAEL

Less Serious

Reference

figure (Strain) System (mg/kg/day) Chemical Form
34 Human 10-25d 1x/d ) Paley et al. 1958
© Other 0.54 (decreased lodine uptake)
35 Human 12-32 wk 7d/wk b . Taylor et al. 1977
Hemato 0.16  (increased hemoglobin) .
(@) Chloride
36 Rat 4 wk o Chetty et al. 1979
Bd Wt 3.79 M (45-65% reduction in body )
(Sprague-  (F) weight gain) Chlioride
Dawley)
37 Rat 8 wk 1x/d ) ) Clyne et al. 1988
Bd Wt 4.2 (33% decrease in body weight

(F)

gain)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

(Specific Route)

figure (Strain) System  (mgl/kg/day) (mgl/kg/day) (mgl/kg/day) Chemical Form
38 Rat 3 mo ) ) Domingo et al. 1984
w) Resp 30.2  (increased lung weight 33%)
Cardio 30.2 (increased heart weight 9.4%)
Gastro 30.2
Hemato 30.2 (increased hematocrit 29%)c
Musc/skel 30.2
Hepatic 30.2
Renal 30.2
8 wk Grice et al. 1969
39 Rat o Cardio 26  (degeneration) I
24 wk Haga et al. 1996
40 Rat Cardio 8.4 M (Left ventricular hypertrophy 9
(Sprague- (F) and impaired ventricular Sulfate
Dawley) function)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
41 Rat 4 mo Holly 1955
Resp 18 .
(G) Chloride
Cardio 18
Gastro 18
b
Hemato 18  (erythrocytosis)
Hepatic 18
Renal 18  (tubular necrosis)
42 Rat 7 mo 6 d/wk b ) Krasovskii and Fridlyand 1971
Hemato 0.05 0.5 (increased RBC, hemoglobin)
(GW)
Hepatic 2.5
3wk Morvai et al. 1993
43 Rat Cardio 12.4 M (Incipient, multifocal ,
CFY (©) myocytolysis, with degeneration Chloride
of myofibrilles)
Bd Wt 12.4 M (Decreased body weight 8%)

S103443 H1TV3IH '€

17va090

79



Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
44 Rat 150 d 5 d/wk b . Murdock 1959
Hemato 10  (increased hemoglobin) .
(GW) Chloride
Hepatic 10  (increased weight 17%)
Renal 10  (necrosis of tubular lining cells)
Bd Wt 10
45 Rat 8 wk Pehrsson et al. 1991
Hemato 8.4 M
(Sprague- Sulfate
Dawley)
Bd Wt 8.4 M (>20% decrease from
appropriate control)
46 Rat 12-16d Saker et al. 1998
Bd Wt 10.6 M .
(Sprague- (W) Chloride
Dawley)
Metab 10.6 M (Decreased serum glucose

levels in diabetic rats, but not
control rats)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
47 Rat 6 wk 7 diwk b . Stanley et al. 1947
Hemato 0.6 2.5 (polycythemia) .
(@) Chloride
48 Rat 3d . Wellman et al. 1984
Bd Wt 20M 100 M (<20% reduction of body .
(Long- Evans) (F) weights) Chloride
49 M 45d Shrivast; t al. 1996
ouse Endocr 26 F (Necrosis and inflammation of rivastava et a
Parkes (W) thyroid) Chloride
Gn Pi 5wk Mohiuddin et al. 1970
50 nre ) Cardio 20 (cardiomyopathy) uadineta
Bd Wt 20
51 Dog 4 wk 7 d/wk b i Brewer 1940
) Hemato 5  (polycythemia)
Immuno/ Lymphoret
2 Rat 4 wk Chetty et al. 1979
S a 3.79 M (Atrophy of the thymus) yeta
(Sprague-  (F) Chloride
Dawley)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
53 Rat 7 mo 6 d/wk . N Krasovskii and Fridlyand 1971
0.05 0.5 (decreased phagocytic ability) .
(GW) Chloride
Neurological
54 Rat 57d . Bourg et al. 1985
20 M (Increased latency during )
(Sprague- (W) retention testing) Chloride
Dawley)
55 Rat 57d ) o Bourg et al. 1985
20  (increased reactivity) .
(W) Chloride
56 Rat 7 mo 6 d/wk ) ) . . Krasovskii and Fridlyand 1971
0.05 0.5 (mildly increased latent reflex) 2.5  (pronounced increase in latent i
(GW) reflex) Chloride
57 Rat 30d . . Mutafova-Yambolieva et al. 1994
) 4.96 M (Alterations in .
(Wistar) W) sympathetically-induced Chloride
contractility of vas deferens)
58 Rat 69d . . Nation et al. 1983
5 20 (changes in schedule training,
(F) conditioned suppression, and

mixed schedule training tests)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
59 Rat 30d ) ) ) ) Vassilev et al. 1993
) 6.44 M (Alterations in cholinergic )
(Wistar) (W) sensitivity) Nitrate
60 Rat 3d ) ) Wellman et al. 1984
20M 100 M (Saccharin and food aversion)

61

62

63

64

(Long- Evans) (F)

Reproductive

Rat

(Sprague-
Dawley)

Rat

(Sprague-
Dawley)

Rat

Rat

98 days
(F)
90d
30.2 M 26% decrease in testicular
(W) weight
98 d 7 d/wk
(F)
69 d

(F)

Chloride

. ) __ Corrier et al. 1985
20 M Pronounced histologic alteration

of seminiferous tubules Chloride

Domingo et al. 1984
Chloride

Mollenhauer et al. 1985

13.25  (testicular degeneration)

Nation et al. 1983

20 M (testicular atroph
( Y) Chloride

S103443 H1TV3IH '€

17va090

89



Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
13 wk Anderson et al. 1992
65 Mouse 43.4 M (Irreversible testicular )
(CD-1) (W) degeneration) Chloride
13 wk Anderson et al. 1993
66 Mouse 43.4 M (Testicular degeneration)
(CD-1) (W) Chloride
67 Mouse 13 wk . . Pedigo et al. 1988
23  (reversible testicular .
W) degeneration) Chloride
10 wk Pedigo et al. 1993
68 Mouse 58.9 M (Reduced pregnant females and |g.
(B6C3F1) (W) pups per litter; reduced fertility) Chloride

69

Developmental

Human

90d

0.6
(©)

Holly 1955
Chloride
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form

70  Rat Gd 14-Ld 21
©)

Domingo et al. 1985

5.4 stunted pup growth
( 9 ) Chloride

@ The number corresponds to entries in Figure 3-2.

b An increase in hemoglobin or red blood cells is not necessarily considered an adverse effect.

€ Used to derive an intermediate oral MRL; concentration was divided by an uncertainty factor of 100 (10 for use of a LOAEL and 10 for human variability), resulting in an MRL of 0.01

mg/kg/day.

Bd Wt = body weight; (C) = capsule; Cardio = cardiovascular; d = day(s); Endocr = endocrine; (F) = feed; F = female; (G) = gavage; Gd = gestation day; (GO) = gavage oil; (GW) =
gavage-water, Gastro = gastrointestinal; Hemato = hematological; hr = hour(s); Ld = lactation day; LD50 = dose producing 50% death; LOAEL = lowest-observed-adverse-effect
level; M = male; Metab = metabolism; mo = month(s); NOAEL = no observed-adverse-effect level; NS = not specified; (W) = drinking water; wk = week(s); x = times.
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Figure 3-2. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral
Acute (<14 days)
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Figure 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral (Continued)

Intermediate (15-364 days)
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COBALT 74

3. HEALTH EFFECTS

A significant increase in the weight of the lungs, without morphological or histological changes, was
found in rats that received 30.2 mg cobalt/kg/day as cobalt chloride in drinking water for 3 months, as
compared with controls (Domingo et al. 1984). No morphological changes were seen in the lungs of rats

treated with 18 mg cobalt/kg/day for 4 months (Holly 1955).

Cardiovascular Effects. Beer-cobalt cardiomyopathy was observed in people who heavily
consumed beer containing cobalt sulfate as a foam stabilizer (Alexander 1969, 1972; Bonenfant et al.
1969; Kesteloot et al. 1968; Morin et al. 1967, 1971; Sullivan et al. 1969). The beer drinkers ingested an
average of 0.04 mg cobalt/kg/day (Morin et al. 1971, n=50) to 0.14 mg cobalt/kg/day for a period of years
(Alexander 1969, 1972, n=28). The cardiomyopathy was characterized by sinus tachycardia, left
ventricular failure, cardiogenic shock, diminished myocardial compliance, absence of a myocardial
response to exercise or catecholamine, enlarged heart, pericardial effusion, and extensive intracellular
changes (changes in the myofibers, mitochondria, glycogen, and lipids). The beer-cobalt cardiomyopathy
appeared to be similar to alcoholic cardiomyopathy and beriberi, but the onset of beer-cobalt
cardiomyopathy was very abrupt. It should be noted, however, that the cardiomyopathy may have also
been due to the fact that the beer-drinkers had protein-poor diets and may have had prior cardiac damage
from alcohol abuse. Treatment of both pregnant and nonpr