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CHAPTER 1.  RELEVANCE TO PUBLIC HEALTH 

1.1. OVERVIEW AND U.S. EXPOSURES 

Cobalt and cobalt compounds are naturally occurring and have similar physicochemical properties to 

those of iron and nickel. The largest use of metallic cobalt is in rechargeable batteries, followed by uses as 

super alloys in gas turbine aircraft engines. Cobalt forms compounds with several other elements 

including chloride, sulfur, and oxygen. These compounds are used as pigments, catalysts in the petroleum 

and other industries, paint driers, animal feed additives, and are part of Vitamin B12; they are also used as 

trace element additives in agricultural soil-amendments and medicinal products. 

Cobalt can be released to the environment by human activities, as well through the weathering of rocks 

and soil. The primary anthropogenic sources of cobalt in the environment are from the burning of fossil 

fuels, application of cobalt-containing sludge or phosphate fertilizers, mining and smelting of cobalt-

containing ores, processing of cobalt-containing alloys, and industries that use or process cobalt 

compounds. Cobalt released to the atmosphere is deposited onto soil or water surfaces by wet and dry 

deposition. In soils, cobalt generally has low mobility and strong adsorption. However, its mobility 

increases in moist, acidic soils. In water, cobalt largely partitions to sediment and to suspended solids in 

the water column; however, the amount that is adsorbed to suspended solids is highly variable. Exposure 

of the general population to cobalt occurs through inhalation of ambient air and ingestion of food and 

drinking water. In general, intake from food sources is much greater than from drinking water and air. 

The cobalt intake in food has been estimated to be (geometric mean) 5–40 µg/day for the general 

population and urinary cobalt (geometric mean) detected in humans ranged from 0.32 to 0.42 µg/L and 

blood cobalt (geometric mean) was 0.151 µg/L based on measurements taken in 2013. The biochemically 

relevant form of cobalt is vitamin B12, also known as cyanocobalamin, which plays a crucial role in 

maintaining optimal health in humans and animals. 

The general population can be exposed to low levels of cobalt by breathing air, eating food, or drinking 

water with food being the largest source of exposure. Some exposure is also possible from medical 

devices and prosthetics. Occupational exposure to cobalt occurs in the hard metal industry (tool 

production, grinding, etc.) and in industries such as coal mining, metal mining, smelting, and refining, 

cobalt dye painting, and cobalt chemical production. Radioactive cobalt decays or changes into a stable 

non-radioactive substance. Half of 60Co decays in 5.27 years and half of 57Co decays in 272 days. While 

the general population is rarely exposed to radioactive cobalt, radiation therapy patients may be exposed 

to radiation from cobalt located inside a therapy machine or during radiosurgery using a gamma knife that 
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uses 60Co. Workers at nuclear facilities, irradiation facilities, or nuclear waste storage sites may be 

exposed to small amounts of radioactive cobalt and its radiation from these sources. Additional details of 

exposure to radioactive cobalt and related health effects are discussed in the Toxicological Profile for 

Ionizing Radiation (ATSDR 1999). 

1.2. SUMMARY OF HEALTH EFFECTS 

Exposure data in this section are discussed in terms of route of exposure (inhalation, oral, and dermal) and 

three exposure periods: acute (≤14 days), intermediate (15–364 days), and chronic (≥365 days). Studies 

regarding the health effects of cobalt come primarily from oral and inhalation studies in humans and 

laboratory animals. As an essential trace element in Vitamin B12, cobalt can be beneficial for human 

health. Inhalation exposure is predominantly seen with occupational exposure of humans to cobalt metal 

and targets the respiratory tract. The health effects observed include decreased pulmonary function, 

asthma, interstitial lung disease, wheezing, and dyspnea. Animal studies corroborate these effects and 

have identified respiratory tract hyperplasia, pulmonary fibrosis, and emphysema as sensitive effects of 

inhaled cobalt on the pulmonary system. Cobalt inhalation also affects cardiac function and causes 

allergic dermatitis manifesting as eczema and erythema. These dermal effects could potentially be due to 

concurrent dermal exposure and the development of immunosensitization to cobalt. Oral toxicity studies 

have evaluated several endpoints, with the most sensitive endpoint in humans being an increase in 

erythrocyte numbers, hematocrit, and hemoglobin that some articles characterized as polycythemia (Davis 

and Fields 1958; Taylor et al. 1977). When addressed in this toxicological profile (profile), polycythemia 

refers to absolute polycythemia (an increase in red cell mass regardless of cause) specifically from 

exposure to a substance, such as cobalt. When absolute polycythemia is discussed in this profile, it is in 

reference to polycythemia caused by cobalt toxicity. Animal studies that examined the hematological 

endpoint after oral exposure also showed an increase in erythrocyte numbers and changes in other 

parameters such as blood cell count (Awoyemi et al. 2017; Domingo et al. 1984; Gluhcheva et al. 2020; 

Shrivastava et al. 2008). Adequate chronic-duration studies of the oral toxicity of cobalt or cobalt 

compounds in humans and animals have not been identified. Dermal exposure in humans most frequently 

results in dermatitis (Bonefeld et al. 2015; Ikarashi et al. 1992b; Ikarashi et al. 1992a). No studies were 

identified that examine carcinogenic effects in humans after inhalation exposure; however, animal studies 

reported carcinogenicity in rats and mice of both sexes after inhalation exposure. Oral data on the 

carcinogenic effects of cobalt and cobalt compounds are not available. Cobalt ions in the body give rise to 

inhibition of DNA repair, genotoxicity, and generation of reactive oxygen species (ROS) resulting in 

oxidative damage. The Environmental Protection Agency (EPA) has not classified cobalt for 

carcinogenicity. The International Agency for Research on Cancer (IARC) has classified cobalt as Group 
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2B- possibly carcinogenic to humans. National Toxicology Program (NTP) under U.S. Department of 

Health and Human Services (DHHS) has classified cobalt and cobalt compounds that release ions inside 

the body as reasonably anticipated to be a human carcinogen based on evidence from human and animal 

studies. 

Figure 1-1 and Figure 1-2 summarize the health effects observed in human and animal inhalation and oral 

studies. Based on the current body of literature, the respiratory and hematological endpoints are the most 

evaluated in human toxicity studies and appear to be among the most sensitive endpoints of cobalt 

toxicity as presented in Figure 1-1 (inhalation) and Figure 1-2 (oral). A systematic review was conducted 

on these endpoints. The weight-of-evidence conclusions are defined in Appendix C. The review resulted 

in the following hazard identification conclusions: 

• Respiratory effects are a known health effect of inhalation exposure to cobalt. 

• Hematological effects are a presumed health effect of oral exposure to cobalt. 

• Bodyweight effects also appear to be among the most sensitive endpoints after exposure to cobalt. 

Respiratory Effects. Human and laboratory animal studies support respiratory toxicity as a sensitive 

endpoint following inhalation exposure to cobalt. Inhaled cobalt dust in humans is absorbed in the lungs 

and is associated with increases in chronic phlegm and decreases in spirometric parameters (Hamzah et al. 

2014; Linna et al. 2003; Sauni et al. 2010; Walters et al. 2012). Chronic-duration inhaled cobalt exposure 

leads to decreased lung function in exposed workers, as well as increased cough, sputum, and dyspnea 

(Gennart and Lauwerys 1990; Kusaka et al. 1986a). Evidence from animal studies indicates that acute-

duration cobalt inhalation exposure causes pulmonary irritation, dose-dependent edema, and damage in 

the lungs (Palmes et al. 1959). Intermediate-duration cobalt inhalation resulted in lesions and 

degeneration in the respiratory tract (Bucher et al. 1990; NTP 1991), inflammation in lungs, changes in 

lung weights, and alterations of pulmonary tissues (Johansson et al. 1987; Johansson et al. 1992). 

Chronic-duration exposure in animals caused inflammation in the nose, larynx, and lung along with 

emphysema and lesions in the respiratory tract (NTP 1998, 2014; Wehner et al. 1977). These findings are 

consistent with decreased lung function and inflammation observed in animals and humans which are 

associated with respiratory toxicity caused by cobalt inhalation exposure.  

Hematological Effects. Laboratory animal studies and a few human studies lend support to hematological 

effects being a sensitive endpoint following cobalt inhalation and oral exposures. Occupational exposure 

to inhaled cobalt did not alter hematological parameters in a human study (Lantin et al. 2011). However, 

studies in laboratory animal that examined higher concentrations of inhaled cobalt identified changes in 



COBALT     4 
  

1.RELEVANCE TO PUBLIC HEALTH 
 
 

 

  

***DRAFT FOR PUBLIC COMMENT*** 

 

the levels of hemoglobin, basophils, and monocytes (NTP 1991, 2014; Palmes et al. 1959). Oral exposure 

to cobalt and cobalt compounds in humans and animals caused an increase in levels of erythrocytes, 

hemoglobin, and hematocrit in blood, which some authors in this profile characterized as polycythemia. 

When addressed in this profile, polycythemia refers to absolute polycythemia, which is an increase in red 

cell mass from exposure to a substance, such as cobalt, i.e., cobalt toxicity. This profile does not address 

other forms or causes of polycythemia. Davis and Fields (1958) reported an increase in erythrocyte levels 

following exposure that returned to normal upon cessation of cobalt exposure. Tvermoes et al. (2014) 

found no significant changes in hematological parameters following a 90-day exposure to cobalt in 10 

volunteers. The animal studies corroborated the effects seen in human studies. Acute-duration oral 

exposure to cobalt increased erythrocytes, hematocrit, and hemoglobin (Awoyemi et al. 2017; Domingo 

and Llobet 1984; Shrivastava et al. 2010). Intermediate-duration oral exposure to cobalt also had similar 

effect in animals (Brewer 1940; Bryan and Bright 1973; Chetty et al. 1979; Corrier et al. 1985; Krasovskii 

and Fridlyand 1971). Pregnant dams exposed to cobalt orally had altered levels of hemoglobin and 

hematopoiesis (Gluhcheva et al. 2014). These findings are consistent with increased erythrocyte counts 

observed in animals and humans and are associated with hematological toxicity caused by oral exposure 

to cobalt. 

Bodyweight Effects. The evidence of bodyweight being a sensitive point is based on results from 

laboratory animal studies. No studies in humans examined changes in body weight following inhalation, 

oral, or dermal exposure to cobalt for any duration. Several studies in animals indicate that inhalation 

exposure to cobalt and cobalt compounds results in decreased body weight (Bucher et al. 1990; Kerfoot 

1974; NTP 1991; NTP 2014). There were no acute-duration inhalation studies examining bodyweight 

effects in animals. Intermediate-duration inhalation exposure to cobalt compounds (cobalt sulfate 

heptahydrate and cobalt metal) resulted in decreased body weight in rats and mice of both sexes compared 

to control rats (NTP 1991; NTP 2014). A separate study of cobalt sulfate heptahydrate showed reduced 

mean body weights in male rats (Bucher et al. 1990). Decreased body weight was also seen in pigs (strain 

not specified) exposed to cobalt metal by inhalation for intermediate duration (Kerfoot 1974). However, 

no weight loss was seen in albino rats or guinea pigs (strain not specified) after an intermediate-duration 

inhalation exposure to cobalt hydrocarbonyl (Palmes et al. 1959). Continuous chronic-duration inhalation 

exposure decreased body weight in rats and mice of both sexes (NTP 2014). Lifetime continuous 

inhalation exposure to cobalt oxide did not result in decreased body weight gain in hamsters (ENG:ELA 

strain) (Wehner et al. 1977).  

In an acute-duration oral study, no effects on body weight were seen in Sprague-Dawley rats exposed to 

cobalt (Saker et al. 1998). Several intermediate-duration oral exposure studies in animals report that 



COBALT     5 
  

1.RELEVANCE TO PUBLIC HEALTH 
 
 

 

  

***DRAFT FOR PUBLIC COMMENT*** 

 

decreased body weight is commonly observed from exposure to cobalt and its compounds. Intermediate-

duration exposure to cobalt chloride decreased body weight gain in male Sprague-Dawley rats (Chetty et 

al. 1979; Clyne et al. 1988). Rats also showed a decrease in body weight after an intermediate-duration 

oral exposure to cobalt sulfate (Haga et al. 1996; Pehrsson et al. 1991). Intermediate-duration oral 

exposure to cobalt chloride decreased bodyweight in mice (Elbetieha et al. 2008; Gluhcheva et al. 2020; 

Zaksas et al. 2013). Danzeisen et al. (2020) demonstrated that intermediate-duration oral exposure to 

CoCl2 decreased body weight in rats of both sexes whereas there were marginal effects on rats of both 

sexes after oral exposure to Co3O4. There were no chronic-duration oral studies examining bodyweight 

effects in animals. There is no weight-of-evidence conclusions as this health effect was not included in 

the systematic review detailed in Appendix C.  
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Figure 1-1. Health Effects Found in Humans and Animals Following Inhalation 
Exposure to Cobalt 

 
*All effects listed were observed in animals, unless otherwise specified. Acute-duration ≤ 14 days; Intermediate-

duration = 15-364 days; Chronic-duration ≥365 days; BAL = Bronchoalveolar lavage; FVC = Forced vital capacity; 

QRS complex is the combination of three of the graphical deflections seen on a typical electrocardiogram 
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Figure 1-2. Health Effects Found in Humans and Animals Following Oral 
Exposure to Cobalt 

 

*All effects listed were observed in animals, unless otherwise specified. CNS = Central Nervous System 

1.3. MINIMAL RISK LEVELS (MRLs) 

Minimal risk levels (MRLs) for inhalation and oral exposures to cobalt were derived. As presented in 

Figure 1-3, following inhalation exposure, the respiratory and hematological systems are sensitive targets 
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of cobalt toxicity. The inhalation database was considered inadequate for the derivation of inhalation 

MRLs for acute- or intermediate-duration inhalation exposure to cobalt; however, an MRL was derived 

for chronic-duration inhalation exposure. The endocrine, gastrointestinal and hematological systems 

appear to be sensitive targets of oral cobalt toxicity, as shown in Figure 1-4. The oral database was 

considered adequate for the derivation of acute- and intermediate-duration oral MRLs for cobalt. There 

were no studies that examined chronic-duration oral exposure to cobalt, and therefore the derivation of an 

oral chronic MRL was not possible. MRLs derived for both the inhalation and oral exposure routes for 

cobalt are summarized in Table 1-1 and are discussed in greater detail in Appendix A.  
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Figure 1-3. Summary of Sensitive Targets of Cobalt–Inhalation  
The respiratory hematological, renal and cancer endpoints are the most sensitive targets of cobalt 

following inhalation exposure.  
Number in triangles and circles are the lowest LOAELs among health effects in humans and animals, 

respectively 
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Figure 1-4. Summary of Sensitive Targets of Cobalt–Oral 

The gastrointestinal, endocrine, and hematological endpoints are the most sensitive targets of 
cobalt following oral exposure.  

Number in triangles and circles are the lowest LOAELs among health effects in humans and animals, 
respectively.  
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Table 1-1. Minimal Risk Levels (MRLs) for Cobalta 

Exposure 
duration 

Provisional 
MRL Critical effect(s) 

Point of 
departure 

Uncertainty 
factor Reference 

Inhalation exposure (mg Cobalt/m3) 
 Acute Insufficient data for MRL derivation 
 Intermediate Insufficient data for MRL derivation 
 Chronic 0.0001 

(0.1 µg/m3) 
Reduced spirometry 
parameter values  

NOAEL: 
0.0053 
(NOAELADJ: 
0.0013) 

10 (Nemery et al. 
1992) 
 

Oral exposure (mg Cobalt/kg/day) 
 Acute 0.03 Production of 

polycythemia  
LOAEL: 1.0 30 (Davis and Fields 

1958) 
 Intermediate 0.03 Production of 

polycythemia  
NOAEL: 0.8 30   (Davis and Fields 

1958) 
 Chronic Insufficient data for MRL derivation 
aSee Appendix A for additional information. 
 
LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; NOAELADJ= adjusted 
from occupational to continuous exposure; polycythemia = the classification term used in cited articles, meaning 
absolute polycythemia only (increased hemoglobin, erythrocyte count, or hematocrit that can result from exposure to 
a substance)  
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