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Recommendation for No Classification of Carbon Black for 

Carcinogenicity 

 
 

Statement of Overall Conclusions 
 

Carbon Black (CB) should not be classified for carcinogenicity according to the criteria of the 

Globally Harmonized System of Classification and Labelling of Chemicals.  This 

recommendation is also valid for GHS implementation by different authorities such as the EU 

(Regulation (EC) No 1272/2008 (CLP)), United States 2012 OSHA Hazard Communication 

Standard (29 CFR 1910.1200) and the Canadian Hazardous Products Regulation (HPR) 2015.  

Human health studies show that exposure to carbon black does not increase the risk of 

carcinogenicity.  Studies in laboratory animals show that lung tumors are induced in rats as a 

result of repeated exposure to inert, poorly soluble particles like carbon black and other poorly 

soluble particles. Rat tumors are a result of a secondary non-genotoxic mechanism associated 

with the phenomenon of lung overload. This is a species-specific mechanism that has 

questionable relevance for classification in humans.  Thus a carcinogenicity classification for CB 

is not warranted. 

GHS Classification System for Carcinogenicity 

 

The categories for classification and labeling of carcinogenic substances under GHS are 

summarized in Table 1. 
 

Table 1: Classification Criteria for Carcinogenicity under GHS 

 

GHS, Chapter 3.6.2.1 

Category 1: Known or presumed human carcinogens 
The placing of a substance in Category 1 is done on the basis of epidemiological and/or animal 

data. 

Category 2: Suspected human carcinogens 
The placing of a substance in Category 2 is done on the basis of evidence obtained from human 

and/or animal studies, but which is not sufficiently convincing to place the substance in Category 
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1.  Based on strength of evidence together with additional considerations, such evidence may be 

from either limited evidence of carcinogenicity in human studies or from limited evidence of 

carcinogenicity in animal studies.   

 
 

The following sections provide data from epidemiological and animal studies on carbon black.  

Based on weight of evidence from these data, carbon black is not classified as a carcinogen under 

GHS.  

 

A. Epidemiology 
 

The most recent evaluation of possible human cancer risks due to carbon black exposure was 

performed by an IARC
a
 Working Group in February 2006 (Baan et al. 2006). The Working 

Group identified lung cancer as the most important endpoint to consider and exposures of 

workers at carbon black production sites as the most relevant for an evaluation of risk. 

 

Three epidemiological studies were undertaken to investigate lung cancer mortality in carbon 

black production plants and these were considered in great detail by IARC:   

 

A UK cohort study on 1,147 workers at five plants (Sorahan et al. 2001) found an SMR
b
 of 1.73 

(61 cases, 0.95-CI
c
: 1.32, 2.22) but no trend across crudely assessed cumulative exposure, lagged 

up to 20 years. Elevated lung cancer SMRs were observed at two plants, the SMRs of the other 

three plants were unexceptionable. A German study on 1,528 workers at one plant (Wellmann et 

al. 2006, Morfeld et al. 2006, Buechte et al. 2006, Morfeld et al. 2006) estimated an SMR = 1.83 

(50 cases, 0.95-CI: 1.34, 2.39) but could not find any positive trends with carbon black 

exposures. However, the German study identified smoking and prior exposures to known 

carcinogens as important risk factors that could explain the major part of the excess risk. A US 

cohort study on 5,011 workers at 18 plants (Dell et al. 2006) calculated an SMR = 0.85 (127 

cases, 0.95-CI: 0.71, 1.00) and found no trend across time since first exposure and duration of 

exposure.  

 

The Working Group at IARC concluded that the human evidence for carcinogenicity was 

inadequate (Baan et al. 2006).  

 

Since this IARC 2006 evaluation, an extended follow-up of the UK study by  Sorahan and 

Harrington (2007) applied a novel exposure metric (“lugging”) while hypothesizing that carbon 
black may act as a late stage lung cancer carcinogen at plants with elevated SMRs. If so, the 

elevated SMRs of lung cancer should decrease substantially after cessation of exposure and 

positive associations should be found with “lugged” cumulative carbon black exposure 
(“lugging” the exposure by 15 years, say, means to count only exposures received during the last 

15 years). Sorahan and Harrington 2007 observed both phenomena in those (and only those) two 

UK plant cohorts that had elevated lung cancer SMRs. In their paper, the authors asked for 

repetitions of their surprising finding in an independent study. Morfeld and McCunney 2007 thus 

tested the hypothesis of Sorahan and Harrington 2007 in the German study. Neither a decreasing 

                                                 
a
 IARC = International Agency for Research of Cancer 

b
 SMR = standardized mortality ratio 

c
 CI = confidence interval 
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SMR after cessation of exposure was observed nor a positive relationship with “lugged” 
cumulative carbon black exposure although the German cohort showed a clearly elevated lung 

cancer SMR. Therefore, Morfeld and McCunney 2007 were unable to lend support to the new 

hypothesis proposed by Sorahan and Harrington.  

 

More recent studies have also been published. (Morfeld and McCunney, 2009 and 2010).  In a 

detailed analysis of the German carbon black cohort, additional analysis was conducted to 

address potential “lugging” effects. As noted above, “lugging” is a term introduced by Sorahan 

and Harrington (2007) to account for the most recent exposures with respect to health risk. 

Methods such as Bayesian analysis were employed to explore all potential risk factors and 

confounders that may have contributed to the results. These additional studies provide further 

support for the lack of a significant increased risk of cancer as a result of working in the carbon 

black industry.  

 

The relationship between workplace exposure to carbon black and lung cancer risk was examined 

in two large population-based case-control studies carried out in Montreal, Canada (Parent et al. 

1996; Ramanakumar et al. 2008).  Interviews for Study I were conducted in 1979–1986 (857 

cases, 533 population controls, 1,349 cancer controls) and interviews for Study II were conducted 

in 1996–2001 (1,236 cases and 1,512 controls).  Detailed lifetime job histories were elicited and a 

team of hygienists and chemists evaluated the evidence of exposure to a host of occupational 

substances, including CB.  Lung cancer risk was analysed in relation to each exposure, adjusting 

for several potential confounders, including smoking.  Subjects with occupational exposure to 

CB, titanium dioxide, industrial talc and cosmetic talc did not experience any detectable excess 

risk of lung cancer. 

 

An update and extension of the retrospective mortality study of US carbon black workers 

evaluated a cohort of 6634 workers employed in the carbon black industry dating back to the 

1930s (Dell et al. 2015). The mortality follow-up was extended until December 31, 2011 and a 

quantitative assessment of individual cumulative exposure to inhalable carbon black dust 

conducted. The results showed no increase in lung cancer or any other malignancy in either the 

total or inception cohorts: Lung cancer mortality was decreased in comparison to state-specific 

reference rates (184 observed deaths, SMR = 0.77; 0.95-CI: 0.67 to 0.89), and for all cancers (512 

observed deaths, SMR=0.79, 0.95-CI: 0.72–0.86). Internal exposure-response analyses showed 

no convincing link between carbon black exposure and lung cancer mortality.  In summary, the 

authors of the study concluded: “Regardless of whether exposure was based on lagged, lugged, 

or total cumulative estimates, no consistent association was seen with lung cancer or non 

malignant respiratory disease.” 

 

Excess mortalities were reported for diseases of the blood-forming organs and peritoneal and 

unspecified digestive organ cancers. No biological plausibility or mechanism can be discerned for 

these endpoints but the excesses may easily be explained by false positive findings due to the 

large number of comparisons performed (Morfeld 2015). 

 

Overall, as a result of these further detailed investigations, no causative link of carbon black 

exposure and cancer risk in humans has been demonstrated. This view is consistent with the 

IARC evaluation in 2006.  
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B. Toxicology 
 

Summary of Animal Data 

In numerous studies, rodents, particularly rats, have been exposed by inhalation to carbon black.  

Based on the results from these studies a number of conclusions may be drawn. 

 

First, prolonged inhalation of high levels of carbon black causes delayed alveolar lung clearance 

and marked retention of particles. This phenomenon is described as “lung overload”  
(IARC, 1996; Mauderly, 1996) and is common for a range of respirable insoluble dusts of low 

toxicity.  The sequelae to these high lung burdens in rats include sustained inflammation, which 

leads to a range of changes in pro- and anti-inflammatory biochemical parameters (found in the 

BAL), epithelial hyperplasia, and pulmonary fibrosis. 

 

Second, rats are more sensitive to the effects of carbon black overload than other species (mice, 

hamsters), with female rats having more pronounced reactions than male rats (ILSI, 2000).  In 

long-term studies, only female rats were prone to a significant increase in the development of 

lung tumours.  The lowest carbon black concentration used in a chronic inhalation study where 

lung tumours were induced was 2.5 mg/m
3
, with rats being exposed for 16 hours/day, 5 

days/week for 2 years (Mauderly et al. 1994).  However, mice exposed to 11.6 mg/m
3
 carbon 

black for 18 hours/day, 5 days/week for 13.5 months and observed for a further 9.5 months did 

not exhibit an increase in lung tumours (Heinrich et al, 1995).   

 

In primates (Nikula et al. 1997) and in humans (Mauderly, 1996), there are clear differences in 

particle deposition, clearance patterns, and tissue reactions, when compared to rats.  These 

differences underline the uniqueness of the rat tumour development under conditions of lung 

overload and raise questions as to the validity of interspecies extrapolations of particle effects 

from rats to humans. In further support of the uniqueness of the rat response to particle overload 

are findings with another inert insoluble particle, namely TiO2. In a recent study, Bermudez, et 

al. (2004) exposed female rats, mice, and hamsters to aerosol concentrations of 0.5, 2.0, or 10 

mg/m
3
 uf-TiO2 particles for 6 h per day and 5 days per week for 13 weeks. Animals were kept up 

to 52 weeks post-exposure. Mice and rats had similar retained lung burdens at the end of the 

exposures, when expressed as mg uf-TiO2/mg dry lung, whereas hamsters had retained lung 

burdens that were significantly lower. Pulmonary inflammation was seen in rats and mice 

exposed to 10 mg/m
3
 as well as progressive epithelial and fibro-proliferative changes. 

Importantly, these lesions became more pronounced with increasing time post-exposure.  

However, epithelial, metaplasia, and fibro-proliferative changes were not seen in either mice or 

hamsters. Under conditions wherein the lung uf-TiO2 burdens were equivalent, rats developed a 

more severe inflammatory response than mice. A severe, persistent neutrophilic inflammatory 

response in the rat lung was believed to result in the development of progressive epithelial and 

fibro-proliferative changes. These data are consistent with the results of a companion study using 
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inhaled pigmentary (fine mode) TiO2 (Bermudez et al. 2002) and demonstrate that the pulmonary 

responses of rats exposed to ultrafine particulate concentrations likely to induce pulmonary 

overload are different from the effects measured in similarly exposed mice and hamsters.  

Overall, these results remarkably parallel the interspecies findings seen in the Oberdoerster 

interspecies study with carbon black and further emphasise the uniqueness of the rat lung in its 

pathophysiological response (including neoplasia) to overload from inhaled poorly soluble inert 

particles such as carbon black. 

 

Data on coal miners provides the best available human evidence with which to explore lung 

overload questions.  Using eight studies conducted between 1956 and 1986 from a total of 1,225 

miners in the US and UK, Mauderly (1994) converted the lung burden of coal dust into units of 

specific lung burden and showed that long-term coal miners commonly accumulated dust burdens 

in the range of 7 to 14 mg per g lung.  This value indicates that the dust burdens in heavily 

exposed human lungs are in the same range as, or greater than, the heavily exposed experimental 

animals seen in chronic bioassays.  In spite of these high lung burdens, coal dust exposure does 

not cause a significant increase in lung cancers among miners (IARC, 1996).  This reasoning, 

although quite compelling, does not preclude the possibility that total particle surface area and 

particle number are also parameters pertinent to biological outcomes.  

 

Third, results from genotoxicity studies suggest a direct association of mutation with 

inflammation and its sequelae in rat lung tumour development.  Lung inflammation leads to the 

production of reactive oxygen species, and these mutational lesions seen in the ex vivo hprt assay 

can be prevented by experimental treatment with antioxidants (Driscoll et al. 1997). This study 

demonstrated that the increase in mutation frequency is caused by oxidative damage alone, 

typical of a secondary genotoxic mechanism. 

 

The prevailing scientific consensus is that rat lung tumours induced by inert, poorly soluble 

particles (PSP’s), such as carbon black, arise out of a background of chronic and persistent 

inflammatory changes; the corollary being that if these changes are avoided, then the tumours 

will not occur.  In this respect, the studies of Driscoll et al. (1996 a) are of particular relevance 

because exposure to 1.1 mg/m
3
 of respirable carbon black particles did not evoke inflammatory or 

mutational changes to female rats.  A no observed adverse effect level (NOAEL) of 1 mg/m
3
 

(respirable) carbon black has been supported by more recent rodent findings by Oberdoerster, 

Driscoll, and colleagues (Carter et al. 2006; Elder et al. 2005; Driscoll et al. 2002).  

 

Exposure protocols in experimental studies and relevance to occupational exposure 

Exposure patterns and particle characteristics in experimental animal studies do not mimic 

conditions in the occupational environment.  The duration of carbon black exposure in the 

chronic studies ranged from 16 to 18 hours per day (Mauderly et al. 1994; Heinrich et al. 1995), 

which does not simulate the workplace.  Prolonged exposure does not give the animals the 

normal recovery period for lung clearance.  
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In contrast to the animal exposures, workplace exposure assessments in contemporary carbon-

black manufacturing operations in Europe and in North America reveal typical 8-hour TWA 

exposures to well below 0.5 mg/m
3
 respirable dust. In addition, industry workplace exposures are 

generally to large-size carbon black agglomerates that represent only part of the total dust 

exposure, with the remainder of workplace exposure being to non-carbon-black constituents.  

Thus, for both particle size and aerosol composition, workplace exposure characteristics are 

different from what has been used in the animal studies. Therefore,   the applicability to human 

risk assessment of studies showing rat tumour development under conditions of lung overload is 

unclear. 

   

Mechanism of tumour development in rats and species differences 

1. Lung overload 

The development of lung tumours occurs only in rats under lung overload conditions (IARC, 

1996; Mauderly, 1996).  Neither other rodents, such as mice and hamsters, nor humans develop 

lung tumours under similar conditions of lung overload from PSP’s.  The evidence to support this 
contention has been addressed above in the section summarising the most relevant experimental 

animal studies. All the interspecies investigations point to the same conclusion regarding the 

uniqueness of a very specific pathophysiological process operating in the rat, particularly the 

female rat,  leading to the formation of primarily alveogenic tumours. The development of lung 

tumours at lung overload exposures is triggered by the inability of rats to effectively clear the 

particles from their lungs and a sustained inflammatory process. 

 

2. Role of primary genotoxic effects caused by PAH’s 
The proposed mechanism of tumour induction in rats is not primary genetic damage caused by 

the particle.  Numerous mutagenicity assays with carbon black showed no inherent particle 

genotoxicity.  All carbon blacks are insoluble in water, biological fluids, and organic solvents.  

Soot particles generally contain a high percentage of tarry material, with large amounts of 

adsorbed PAH’s.  In contrast, only traces amounts of organic compounds are adsorbed on carbon 
black (typically less than 1,000 ppm or 0.1%) (Watson and Valberg, 2001).  At these low levels, 

organic compounds are tightly bound to carbon black particles, and extensive solvent extraction 

procedures are needed to remove them. In a 2005 study, Borm and co-workers tested three carbon 

black particle exposure levels (1, 7, 50 mg/m
3
) of Printex 90 and one concentration (50 mg/m

3
) 

for Sterling V, as well as a sham exposure group specifically for PAH-DNA adduct forming 

properties. F344 rats were exposed by inhalation for 13 weeks and then DNA was extracted from 

whole lung DNA immediately after exposure. The lungs of the rats for DNA analysis were not 

lavaged but the vascular system was perfused. DNA was extracted and used to determine 

oxidative DNA damage. To determine whether PAHs were available and subsequently 

transformed into DNA-binding metabolites, lungs of three animals from each exposure group 

were analysed for DNA adducts, immediately after exposure. No adducts were found in DNA 

from lung homogenates isolated immediately after 13 weeks of inhalation of up to 50 mg/m
3
 of 

Printex 90 and Sterling V, which resulted in lung burdens of 4.9 mg and 7.6 mg, respectively. 

Lung DNA from rats following inhalation of carbon black showed no “spots” relating to PAH-

DNA adduct formation compared to sham-exposed animals.  
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Donaldson and co-workers (1998) postulate in their review on particle-mediated lung injury, that 

there is no evidence to support carbon black particles having direct mutagenic activity. They 

noted that diesel exhaust, carbon black and titanium dioxide (TiO2), caused similar levels of 

overload tumours (Heinrich et al. 1995), despite the fact that the extractable organic component 

was 40% for diesel exhaust, 0.04% for carbon black and 0% for TiO2.  The results of Gallagher et 

al. (1994) support the findings of Heinrich and co-workers, because no PAH-DNA adducts were 

detected in rats with overload carbon black tumours.  Examinations by Bond and co-workers 

(1990) and Wolff and co-workers (1990) showed similar results.  Donaldson and co-workers 

(1998) concluded that the particles themselves cause recruitment of inflammatory cells, which 

release respiratory burst-derived oxidants and that these oxygen free radicals could induce 

mutations in particle-exposed lung of rats. 

 

3. Role of secondary genotoxic effects caused by Reactive Oxygen Species 

The lack of association between the inherent genotoxic activity of PSP’s and the development of 
rat lung tumours after chronic inhalation exposure implies a secondary mechanism for this 

response.  At an international workshop organized by the German Research Council / DFG 

(Deutsche Forschungsgemeinschaft) on particle and fibre evaluation (Greim et al. 2001), it was 

generally agreed that tumours in rat experiments are caused by a secondary,  

inflammatory / proliferative mechanism as opposed to direct genotoxicity.  Lung overload leads 

to sustained inflammation, release of various biological mediators and oxidative stress.  In 

addition to carbon black, high exposure levels of titanium dioxide (250 mg/m³) (Lee et al. 1985) 

and talc (10 or 20 mg/m³) (Hobbs et al. 1994) cause lung tumours in rats.  Thus, the lung tumour 

response to inhaled inert particles observed in female rats is not particle specific. 

“Particle overload” is the key factor leading to the development of tumours in rats, and it appears 

that oxidative stress is the primary event / mechanism critical for tumour pathogenesis.  The 

susceptibility of the rat may reside in the fact that rat lungs show a far greater induction of several 

key pro-inflammatory processes and less induction of anti-inflammatory processes than other 

species (Driscoll and Carter, 1999). 

 

At and below carbon black concentrations of approximately 1 mg/m³ (respirable), it is highly 

unlikely that rats, other rodents, or humans are at risk for developing lung cancer (Oberdörster 

and Yu, 1997; Driscoll et al. 1995, 1996 a; ILSI [International Life Sciences Institute] Risk 

Science workshop, 2000).  At the DFG workshop (Greim et al. 2001), the consensus was that 

preventing lung inflammation will prevent the development of lung tumours. 

Evidence for an effect threshold has been demonstrated in that sub-chronic inhalation of 1.1 

mg/m³ respirable carbon black did not elicit inflammation or increases in hprt mutation frequency 

in epithelial cells (Driscoll et al. 1996 a).  In rats, a lung-tumour threshold has also been 

demonstrated for diesel-exhaust exposure (Valberg and Crouch, 1999).  More recently, sub-

chronic inhalation of carbon black over a range of concentrations has confirmed the absence of 

inflammatory responses following repeated exposures to 1 mg/m
3
 (Carter et al. 2006; Elder et al. 

2005; Driscoll et al. 2002).  Thus, 1mg/m
3
 of respirable-sized carbon black represents a clear 
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NOAEL for even the most sensitive of inflammatory markers in the most sensitive of test 

organisms, the female rat. 

  

Conclusions, Animal Studies 

At the DFG International Workshop Evaluation on Particle and Fibre Toxicity (Greim et al. 

2001) a consensus was reached regarding the tumorigenic properties of inert, PSP’s.  The 

participants generally accepted that PSP’s caused lung tumours in rats by a secondary genotoxic 
(inflammatory/proliferative) mechanism. The group concluded that, “Studies to date have not 
demonstrated primary genotoxicity of carbon black with low PAH contamination using 

appropriate in vitro assays.  DNA adducts related to associated organic compounds so far have 

not been found in lung tissue from rats exposed chronically to carbon black, although in the same 

studies adducts were found in diesel exhaust-exposed rats.” 

 

Implicit in the inflammatory / proliferative mechanism is the existence of a non-linear, dose-

related effect with a threshold.  That is, particle exposures that do not overwhelm host defence 

mechanisms (e.g., anti-oxidants, DNA repair) and hence do not elicit inflammatory and 

proliferative responses, should not pose an increased risk of lung tumours in humans (Driscoll, 

1996 b; Driscoll et al. 1996a).  Using a meta-analysis approach, Valberg and Crouch (1999) 

demonstrated that the incidence of lung tumours was not elevated in rats with less than an 

average 0.6 mg/m
3
 continuous lifetime exposure to diesel exhaust particles.  Therefore, the use of 

linear models for dose-response extrapolation from “lung overload” conditions is not appropriate 
and should be replaced with non-linear models incorporating a threshold. 

 

Driscoll et al. (1996 b) have demonstrated that sub-chronic inhalation of 1.1 mg/m³ (respirable) 

carbon black did not elicit any detectable adverse lung effects.  The results from Oberdörster’s 
and Driscoll’s research groups (Carter et al. 2006; Elder et al. 2005; Driscoll et al. 2002) support 

this finding, with a carbon black NOAEL of 1 mg/m³ (respirable).  Furthermore, participants at 

the ILSI workshop (2000) proposed that no uncertainty (safety) factor (for rat-to-human 

extrapolation) was required for neoplastic and fibrogenic endpoints associated with particle 

exposure, because the rat appears to be more sensitive in its responses to all particle-related 

effects than other species, including humans.  This conclusion was also reached by ECETOC 

(ECETOC 2013), which concluded “Since the ILSI 2000 report, there has been a vast amount of 

in vivo and in vitro work on poorly soluble particles of low toxicity but there have been no 

compelling studies or a weight of evidence that would allow the Task Force to conclude that the 

rat lung overload findings is a reliable predictive model, in particular for neoplasia, with regard 

to hazard or risk assessment for humans who are exposed to poorly soluble particles of low 

toxicity.”. The evaluation of carbon black by IARC (1996 and 2006) and Greim et al. (2001) as a 

suspect carcinogen is solely founded on the observation that rats develop tumours.  The ILSI 

workshop (2000), which evaluated the relevance of the rat responses to particle overload for 

human risk assessment, concluded that at non-overload exposures, a lung-cancer hazard did not 

exist.   
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Furthermore, experimentally-induced lung tumours in rats occur in the alveolar and small airway 

regions of the lungs, unlike human lung cancers that tend to occur at the bifurcations of the major 

airways (bronchi), further questions the appropriateness of extrapolating the results in the rat 

studies to humans. 

 

Basing human lung cancer risk predictions on the rat response to the inhalation of PSP’s, 
including carbon black under conditions of lung overload is not valid. Several independent, 

expert, scientific advisory groups have cautioned against using tumorigenic data from rats 

exposed to high (“lung overload”) concentrations of insoluble particles for quantitative risk 
assessment. In the United States, the Presidential / Congressional Commission on Risk 

Assessment and Risk Management (CRARM, 1997) noted that the response of rat lungs to high 

concentrations of inhaled, PSP’s (specifically carbon black and titanium dioxide) are not likely to 

be predictive of human cancer risks.  For diesel exhaust, the Clean Air Scientific Advisory 

Committee (CASAC, 1995 and 1998), a peer-review group for the U.S. Environmental Protection 

Agency (EPA), has commented on two drafts of the EPA´s Health Assessment Document on 

Diesel Exhaust.  On both occasions, CASAC emphasized that the data from lung-overloaded rats 

are not relevant for human risk assessment.  Likewise, the Health Effects Institute (1995) also has 

concluded that rat data should not be used for assessing human lung-cancer risk from diesel-

exhaust exposure.   

 

A comprehensive review on translational toxicology focusing on dust exposure and on carbon 

black as one example was published in Morfeld et al. 2015. 

 

  

C.  Recommendation for Classification of Carbon Black according to  

      GHS Criteria: 

 
Although lung tumours are induced in rats when exposed to carbon black, it is generally 

acknowledged that these tumours are produced because of a phenomenon known as “lung 
overload”.  When exposed to a poorly soluble particle such as carbon black in high 

concentrations, laboratory rats cannot adequately clear carbon black from their respiratory tract, 

so lung tumours are induced by a secondary non-genotoxic mechanism.  Lung tumours were not 

observed in mice and hamsters under similar study conditions.  The relevance of the rat tumour 

data to human risk assessment is highly questionable (ILSI, 2000).  A review by ECETOC (2013) 

also concluded that the rat represents a unique model with regard to lung neoplastic responses 

under conditions of lung overload. Thus, based on these findings and the guidance from 

authoritative bodies, the ICBA and the Carbon Black REACH Consortium have reached the 

opinion that it is not appropriate to classify carbon black as “Category 2 Carcinogen” under the 
GHS Regulation.   

 

In support of this opinion, it should be noted that in the EU CLP Guidance for Specific Target 

Organ Toxicity – Repeated Exposure (STOT RE) (ECHA, 2015), the issue of lung overload is 

mentioned under section 3.9.2.5.3 Mechanisms not relevant to humans (CLP Annex 1, 

3.9.2.8.1.(e)) as ”The relevance of lung overload in animals to humans is currently not clear and 
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is subject to continued scientific debate”.  Also section 3.9.2.8 (e) of the CLP regulation states 

that “Substance – induced species specific mechanisms of toxicity,  i.e. demonstrated with 

reasonable certainty to be not relevant for human health, shall not justify classification”. 

Further, Section 3.6.1.1 of the CLP regulation states “Substances which have induced benign 

and malignant tumours in well performed experimental studies on animals are considered also to 

be presumed or suspected human carcinogens unless there is strong evidence that the mechanism 

of tumour formation is not relevant for humans.” The ACGIH® has also designated carbon black 

a category A3 carcinogen, Confirmed Animal Carcinogen with Unknown Relevance to 

Humans.  This designation by the ACGIH® is consistent with the ICBA and the Carbon Black 

REACH Consortium conclusion not to classify carbon black. 

 

The United States 2012 OSHA Hazard Communication Standard‘s (29 CFR 1910.1200) (HCS) 

section on carcinogenicity is consistent with GHS, except that it provides classifiers with the 

option of relying on the classification listings of IARC and National Toxicology Program (NTP) 

to make classification decisions regarding carcinogenicity, rather than applying the criteria 

themselves.  Using IARC and NTP listings for carcinogen classification is provided as an option, 

and is not mandatory.  Therefore, the weight of evidence evaluation shown in this document is 

also acceptable under HCS.  

  

In conclusion, the evaluation of carbon black as a suspect carcinogen is based solely on the 

observation that rats develop lung tumours under condition of “lung overload”. The reliability of 
lung tumours induced in rats by inert poorly soluble particles, such as carbon black, as a predictor 

of hazard to humans is uncertain. Overall, the epidemiological evidence from well-conducted 

investigations has not shown that exposure to carbon black has a carcinogenic potential for 

humans. 

 

Therefore, we recommend that no classification of carbon black is required based on the fact that 

data from rat lung overload studies, as described above and fully discussed in our statement, 

cannot be extrapolated to humans. 

 

 

References 

 

 
ACGIH. 2011. Carbon Black: TLV® Chemical Substances 7th Edition Documentation. Publication 

#7DOC-106.ACGIH®, 1330 Kemper Meadow Drive, Cincinnati, OH 45240-1634.      

 

Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Cogliano V. Carcinogenicity of carbon 

black, titanium dioxide, and talc. Lancet Oncol 2006;7(4):295-296. 
 

Bond JA, Johnson, NF, Snips, MB, Mauderly, JL. DNA Adduct Formation in Rat Alveolar Type II Cells: 

Cells Potentially at Risk for Inhaled Diesel Exhaust. Environ. Mol. Muta. 16:64-69 (1990). 

 

Bermudez E, Mangum JB, Asgharian B, Wong BA, Reverdy EE, Janszen DB, Hext PM, Warheit DB, and 

Everitt JI. (2002)  Long-term pulmonary responses of three laboratory rodent species to subchronic 

inhalation of pigmentary titanium dioxide particles.  Toxicol Sci. 70: 86-97.  



 

ICBA - October 2015       11 

 

Bermudez E, Mangum JB, Wong BA, Asgharian B, Hext PM, Warheit DB, and Everitt JI. (submitted for 

publication, 2004). Pulmonary responses of mice, rats, and hamsters to subchronic inhalation of ultrafine 

titanium dioxide particles. Toxicol Sci. 77: 347-357 

 

Borm PJA, Cakmak G, Jermann E, Weishaupt C, Kempers P, van Schooten FJ, Oberdörster G and Schins 

RPF. (2005) Formation of PAH-DNA adducts after in vivo and vitro exposure of rats and lung cells to 

different commercial carbon blacks. Toxicology and Applied Pharmacology, 205 (2), 157-167. 

Büchte SF, Morfeld P, Wellmann J, Bolm-Audorff U, McCunney RJ, Piekarski C. Lung cancer 

mortality and carbon black exposure: a nested case-control study at a German carbon black 

production plant. Journal of Occupational and Environmental Medicine 2006:48(12):1242-1252. 

CASAC (1995).  Review of the Diesel Health Assessment, EPA-SAB-CASAC-LTR-95-003, 

Clean Air Scientific Advisory Committee, US EPA Science Advisory Board, Washington, DC. 

 

CASAC (1998). CASAC Review of the Draft Diesel Health Assessment, EPA-SAB-CASAC-99-

001. Clean Air Scientific Advisory Committee, US EPA Science Advisory Board, Washington, 

DC, October 7, 1998. 

 

CRARM (1997). Presidential/Congressional commission on Risk Assessment and Risk 

Management Report. Framework for Environmental Health Risk Management. Final Report. 

Volume 2:65 (http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=55006) 

Carter JM, Corson N, Driscoll KE, Elder A, Finkelstein JN, Harkema JN, Gelein R, Wade-

Mercer P, Nguyen K, Oberdorster G.  A comparative dose-related response of several key pro- 

and anti inflammatory mediators in the lungs of rats, mice, and hamsters after subchronic 

inhalation of carbon black. J Occup Environ Med. 2006 Dec;48(12):1265-78. 

Dell LD, Mundt KA, Luippold RS, Nunes AP, Cohen L, Burch MT, Heidenreich MJ, Bachand 

AM. A cohort mortality study of employees in the U.S. carbon black industry. Journal of 

Occupational and Environmental Medicine 2006:48(12):1219-1229. 

 

Dell LD,Gallagher AE, Crawford L,  Jones RM, Mundt KA. Cohort Study of Carbon Black 

Exposure and Risk of Malignant and Nonmalignant Respiratory Disease Mortality in the US 

Carbon Black Industry.  Journal of Occupational & Environmental Medicine  2015: 57(9): 984–
997.  

 

Donaldson, K, Li, XY, MacNee W, Ultrafine (nanometre) Particle Mediated Lung Injury. J. Aerosol Sci. 

29:553-560 (1998). 

 

Driscoll KE,  Deyo, LC,  Howard, BW,  Poynter, J Carter,  JM, Characterizing Mutagenesis in the hprt 

Gene of Rat Alveolar Epithelial-Cells. Exp. Lung Res. 21:941-956 (1995). 

 

Driscoll KE, Carter, JM, Howard, BW, Hassenbein, DG, Pepelko, W, Baggs, RB, Oberdörster G. 

Pulmonary Inflammatory, Chemokine, and Mutagenic Responses in Rats After Subchronic Inhalation of 

Carbon Black. Toxicol. Appl. Pharmacol. 136:372-380 (1996 a). 

 

http://www.ncbi.nlm.nih.gov/pubmed/17159643
http://www.ncbi.nlm.nih.gov/pubmed/17159643
http://www.ncbi.nlm.nih.gov/pubmed/17159643
http://journals.lww.com/joem/pages/currenttoc.aspx
http://journals.lww.com/joem/pages/currenttoc.aspx


 

ICBA - October 2015       12 

Driscoll KE. Role of Inflammation in the Development of Rat Lung Tumours in Response to Chronic 

Particle Exposure. Inhal. Toxicol. 8(Suppl):139-153 (1996 b). 

 

Driscoll KE, Deyo L, Carter JM, Howard BW, Hassenbein DG Bertram, TA. Effects of particle exposure 

and particle-elicited inflammatory cells on mutation in rat alveolar 

epithelial cells.Carcinogenesis.18:423-30 (1997). 

 

Driscoll KE, Carter JM. Species Differences in the Respiratory Tract Response to Particles.7
th 

International Symposium on Particle Toxicology, Maastricht, The Netherlands, October 13-15, Abstract 

Book (1999). 

 

Driscoll DE, Oberdörster G, Elder ACP, Singh KA, Carter JM. Effects of Inhaled Carbon Black Particle 

Overload on Cytokine, Oxidant and Mutational Response in the Lung. The Toxicologist. submitted 

(2002). 

 

EC No 1907/2006.  REGULATION (EC) No 1907/2006 OF THE EUROPEAN PARLIAMENT  

AND OF THE COUNCIL.  Annex I of http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=oj:l:2006:396:0001:0849:en:pdf.  

 

ECETOC 2013. Poorly Soluble Particles/Lung Overload, Technical Report No. 122 ISSN-0773-8072-122 

(Print); ISSN-2073-1526-122 (Online) 

 

ECHA 2015. 2011. Guidance on the Application of the CLP Criteria  - Guidance to Regulation (EC) No 

1272/2008 on Classification, Labelling and Packaging of Substances and Mixtures. Ver 4.1, June 2015  
ECHA-15-G-05-EN 

http://echa.europa.eu/documents/10162/13562/clp_en.pdf 

Elder A, Gelein R, Finkelstein JN, Driscoll KE, Harkema J, Oberdörster G. Effects of 

subchronically inhaled carbon black in three species. I. Retention kinetics, lung inflammation, 

and histopathology. Toxicol Sci. 2005 Dec;88(2):614-29. Epub 2005 Sep 21. 

Gallagher J, Heinrich U, George M, Hendee L, Phillips DH, Lewtas J. Formation of DNA Adducts in Rat 

Lung Following Chronic Inhalation of Diesel Emissions, Carbon Black and Titanium Dioxide Particles. 

Carcinogenesis 15:1291-1299 (1994). 

 

Greim H, Borm, P, Schins R, Donaldson K, Driscoll K, Hartwig A, Kuempel E., Oberdörster G, Speit G. 

Toxicology of Fibers and Particles-Report of the Workshop Held in Munich, Germany, October 26-27, 

2000. Inhal. Toxicol. 13:737-754 (2001). 

 

Heinrich U, Fuhst R, Rittinghausen S, Creutzenberg O, Bellman B, Koch W, Levsen K. Chronic 

Inhalation Exposure of Wistar Rats and Two Different Strains of Mice to Diesel Engine Exhaust, Carbon 

Black, and Titanium Dioxide. Inhal. Toxicol. 7:533-556 (1995). 

 

Hobbs CH, Abdo KM, Hahn, FF, Gillett, NA, Eustis SL, Jones RK, Benson JM, Barr B, Dieter, M P, 

Pickrell JA, Mauderly JL. Summary of the Chronic Inhalation Toxicity of Talc in F344/N Rats and B63F1 

Mice. Washington, ILSI Press, pp 525-528 (1994). 

 

International Agency for Research on Cancer: IARC Monographs on the Evaluation of Carcinogenic Risks 

to Humans, Vol. 65., Printing Processes and Printing Inks, Carbon Black and Some Nitro Compounds. pp. 

149-262 (1996). 

 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=oj:l:2006:396:0001:0849:en:pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=oj:l:2006:396:0001:0849:en:pdf
http://www.ncbi.nlm.nih.gov/pubmed/16177241
http://www.ncbi.nlm.nih.gov/pubmed/16177241
http://www.ncbi.nlm.nih.gov/pubmed/16177241


 

ICBA - October 2015       13 

ILSI Risk Science Institute Workshop: The Relevance of the Rat Lung Response to Particle Overload for 

Human Risk Assessment. Inhala. Toxicol. 12:1-17 (2000). 

 

Lee KP, Trochimowicz, HJ, Reinhart CF. Pulmonary Responses of Rats Exposed to Titanium Dioxide 

(TiO2) by Inhalation for Two Years. Toxicol Appl Pharmacol 79:179-192 (1985). 

 

Mauderly JL. Contribution of Inhalation Bioassay to the Assessment of Human Health Risk from Solid 

Airborne Particles. In: Mohr, U., Dungworth, D.L., Mauderly, J.L., Oberdörster, G. (eds): Toxic and 

Carcinogenic Effects of Solid Particles. Washington, ILSI Press, pp 355-365 (1994). 

 

Mauderly JL. Lung Overload: The Dilemma and Opportunities for Resolution. Inhal. Toxicol. 8:1-28 

(1996). 

Morfeld P, Büchte SF, Wellmann J, McCunney RJ, Piekarski C. Lung cancer mortality and 

carbon black exposure: Cox regression analysis of a cohort from a German carbon black 

production plant. Journal of Occupational and Environmental Medicine 2006:48(12):1230-1241. 

 

Morfeld P (2015) Controlling the false discovery rate in many SMR analyses. Journal of 

Occupational & Environmental Medicine (in press)Morfeld P, Büchte SF, McCunney RJ, 

Piekarski C. Lung cancer mortality and carbon black exposure: uncertainties of SMR analyses in 

a cohort study at a German carbon black production plant. Journal of Occupational and 

Environmental Medicine 2006;48(12):1253-1264. 

 

Morfeld P, McCunney RJ. Carbon black and lung cancer: Testing a new exposure metric in a 

German cohort. American Journal of Industrial Medicine 2007;50(8):565-567. 

 

Morfeld P, McCunney RJ Carbon black and lung cancer – testing a novel exposure metric by 

multi-model inference Am J Ind Med 2009; 52: 890-899 

 

Morfeld P, McCunney R. Bayesian bias adjustments of the lung cancer SMR in a cohort of 

German carbon black production workers. J Occup Med Toxicol 2010; 5(1):http://www.occup-

med.com/content/5/1/23. 

 

Morfeld P, Bruch J, Levy L, Ngiewih Y, Chaudhuri I, Muranko HJ, Myerson R, McCunney RJ. 

Translational toxicology in setting occupational exposure limits for dusts and hazard 

classification – a critical evaluation of a recent approach to translate dust overload findings from 

rats to humans. Particle and Fibre Toxicology. 2015;12:3. doi:10.1186/s12989-015-0079-3. 
 

Nikula KJ, Avila KJ, Griffith, WC, Mauderly JL. Lung Tissue Responses and Sites of Particle Retention 

Differ Between Rats and Cynomolgus Monkeys Exposed Chronically to Diesel and Coal Dust. Fundam. 

Appl.Toxicol. 37:37-53 (1997). 

 

Oberdörster G. Yu CP. The Carcinogenic Potential of Inhaled Diesel Exhaust: A Partial Effect? J. Aerosol 

Sci. 21:S397-S401 (1997). 

 

Parent M-E, Siemiatycki J, Renaud G. Case-control study of exposure to carbon black in the occupational 

setting and risk of lung cancer. American Journal of Industrial Medicine. 30: 285-292 (1996). 

 
Ramanakumar V, Parent M-E, Siemiatycki J. Risk of lung cancer following exposure to carbon black, 

titanium dioxide and talc: Results from two case–control studies in Montreal. International Journal of 

Cancer. 122:183-189 (2008) 



 

ICBA - October 2015       14 

 

Sorahan T, Hamilton L, van Tongeren M, Gardiner K, Harrington JM. A cohort mortality study 

of U.K. carbon black workers, 1951-1996. American Journal of Industrial Medicine 

2001:39(2):158-170. 

 

Sorahan T, Harrington JM. A "lugged" analysis of lung cancer risks in UK carbon black 

production workers, 1951-2004. American Journal of Industrial Medicine 2007:50(8):555-564. 
 

Valberg PA, Crouch EAC. Meta-Analysis of Rat Lung Tumors from Lifetime Inhalation of Diesel 

Exhaust. Environ. Health Persp. 107:693-699 (1999). 

 

Watson AY, Valberg PA. Carbon Black and Soot: Two Different Substances.  Am. Ind. Hyg. Assoc. J. 

62:218-228 (2001). 

 

Wellmann J, Weiland SK, Neiteler G, Klein G, Straif K. Cancer mortality in German carbon 

black workers 1976-1998. Occupational and Environmental Medicine 2006;63(8):513-521. 
 

Wolff RK, Bond JA, Henderson RF, Harkema JR, Mauderly JL.Pulmonary Inflammation and DNA 

Adducts in Rats Inhaling Diesel Exhaust or Carbon Black. Inhal. Toxicol. 2:241-254 (1990). 

 

 

 
 

 

 

 


