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We commend the overall evaluation by Cherrie et al. (2013) of the current occupational 

exposure limits (OELs) for respirable poorly-soluble low toxicity (PSLT) particles. As 

described in that paper, the epidemiological studies provide compelling evidence that 

exposure to PSLT at the current OELs has been associated with adverse health effects, 

including pulmonary fibrosis and lung function deficits. In contrast to Cherrie et al. (2013), 

we discuss here that the chronic inhalation studies in animals also provide evidence of the 

adverse pulmonary effects of PSLT.

For example, we would like to clarify or correct the following statements (p. 688, 2nd 

column):

(1) …the phenomenon of rat lung overload has little relevance for human lung 

response at high lung burden of low-toxicity dust.

This statement is not entirely supported by the scientific evidence. While it is correct that 

differences have been observed in the rat and human lung clearance and retention kinetics 

for respirable particles, these differences have been well described, and can be accounted 

for, using lung dosimetry models in humans (Kuempel et al., 2001a,b; Gregoratto et al., 

2010, 2011) and rats (Tran et al., 1999, 2000; Anjilvel and Asgharian, 1995). Because of the 
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slower pulmonary clearance in humans, particles can build up in the lungs at exposures 

below those that would cause overloading in rats (Snipes, 1989; Kuempel et al., 2000; 

Kuempel and Tran, 2002). This build up is associated with the movement of particles into 

the alveolar interstitium of the mammalian lungs (Nikula et al., 1997, 2001). Only at 

overloading do the particle lung burdens in rats reach the higher levels that have been 

reported in coal miners, i.e., up to 10 mg g−1 lungs or more in rats (Morrow, 1988; Muhle et 

al., 1990; Bellmann et al., 1991; Oberdörster et al., 1992) and in humans (Attfield et al., 

1994; Kuempel et al., 1997; Tran and Buchanan, 2000).

In addition, the lung responses to these high lung burdens of PSLTs can be qualitatively 

similar in rats and humans (Castranova, 2000; Attfield et al., 2012). As described in Cherrie 

(2013), the lung inflammatory and fibrotic response to PSLT has been observed to be greater 

in rats than that in mice or hamsters (Bermudez et al., 2002, 2004; Elder et al., 2005). 

Consistent with a persistent inflammation and cell proliferation mode-of-action, rats (but not 

mice or hamsters) showed increased lung cancer response to chronic inhalation of PSLT 

particles (ILSI, 2000; Schins and Knaapen, 2007). Yet, studies in mice and hamsters were 

negative for some particles that have been classified as known human carcinogens 

(Mauderly, 1997). The proportion of lung tumor types has been observed to differ in humans 

and rats exposed to respirable particles (ILSI, 2000), although some of the differences may 

be due to smoking-related tumors in humans and terminology differences (Maronpot et al., 

2004; NIOSH, 2011b). An ILSI (2000) expert panel concluded that the rat is a useful model 

for non-neoplastic lung responses to poorly-soluble particles and that (in the absence of 

mechanistic data to the contrary) it is also relevant to identifying potential carcinogenic 

hazards in humans.

A comparative pathology study (Green et al., 2007) showed that humans had a more severe 

centriacinar fibrotic response than rats exposed to silica or coal dust; while rats had a more 

severe intra-alveolar response (i.e., inflammation, lipoproteinosis, and alveolar epithelial 

hyperplasia) after chronic exposures to silica, talc, or coal dust. Yet in both species, silica 

and talc were more inflammogenic than coal dust, and the severity of response was 

associated with the dose (i.e., increased centriacinar fibrosis at high versus low coal dust). 

Thus, in humans a high dust load in the alveolar interstitium can lead to septal thickening 

and fibrosis even in the absence of an observed macrophage-mediated decline in clearance.

(2) As discussed herein, high lung burdens of low-toxicity dust in humans cause 

COPD primarily and pneumoconiosis only in the very highly exposed coalmining 

populations (Kuempel et al., 2001a,b).

In contrast to this statement that COPD and pneumoconiosis can develop ‘only in very 

highly exposed coalmining populations…’, significant risks of both COPD and 

pneumoconiosis have been predicted and observed in US coal miners exposed at the current 

US coal mine dust standard of 2 mg m−3 (and as low as 0.5 mg m−3) over a working lifetime 

(NIOSH, 1995, 2011a; Attfield and Seixas, 1995; Suarthana et al., 2011).

(3) There is some evidence for the increased retention of dust in the alveolar 

interstitial compartment in the lungs of coalminers at the very high lung burdens 

they experience (Kuempel et al., 2001a,b; Gregorato et al., 2010).
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This statement is only partially correct. In addition to the evidence from coal miners with 

relatively high dust exposures (Kuempel, 2000; Tran and Buchanan, 2000), the increased 

long-term retention of dust in human lungs has also been observed in workers with relatively 

low dust exposures (Gregarato et al., 2010Gregarato et al., 2011).

(4) However, this is in contrast with the virtual cessation of clearance and 

subsequent rapid buildup of dust that accompanies rat lung overload, nor do we see 

the pathological consequences of rat lung overload – proliferation, fibrosis, and 

cancer – in humans.

The second part of this statement is inaccurate because the human lung responses to 

respirable particles can be similar to those observed in rats exposed to overloading doses of 

PSLT (as discussed above). Also, the related statement on p. 686 of Cherrie et al. (2013) 

that coal workers’ pneumoconiosis (CWP) is characterized by ‘minimal fibrosis (macules) 

and occasional nodule formation’ is incomplete because it does not mention the severe form 

of CWP, progressive massive fibrosis – which is associated with disability and early death – 

or the evidence that both simple CWP and PMF are associated with significantly increased 

mortality from nonmalignant respiratory diseases (Attfield and Kuempel, 2008).

In addition, a quantitative comparison of rat- and human-based risk estimates for lung 

cancer associated with exposure to different types of poorly-soluble particles (coal mine 

dust, carbon black, titanium dioxide, or crystalline silica) shows statistically consistent risk 

estimates, given consideration of the imprecision in the animal and human data (Kuempel et 

al., 2009; NIOSH, 2011b). An increase in lung cancer has also been observed in recent 

studies of coal miners in the USA (Graber et al., 2014) and UK (Miller and MacCalman, 

2010). Although the excess was most strongly related to silica in the UK study, it was most 

strongly associated with coal dust in the US study (in which the silica exposure estimates 

were also more uncertain).

In summary, we agree with Cherrie et al. (2013) that the epidemiologic literature provides 

adequate evidence that workplace exposure to PSLT has been associated with occupational 

lung disease and impairment at concentrations below the current OELs. This view has been 

accepted by some regulatory institutions. For example, in the USA, the regulatory exposure 

limit for respirable coal mine dust is to be reduced from 2 mg m−3 as a multi-shift average 

concentration to 1.5 mg m−3 as a single-shift (8-hr time-weighted average) concentration, 

starting in August 2016 (MSHA, 2014). In addition, the rat studies provide supporting 

evidence with qualitatively and quantitatively consistent findings to those in the human 

studies. Yet, more research is needed to reduce uncertainty about the rodent dose–response 

models compared to humans. Such evidence is important for risk assessment and OEL 

development of other types of airborne particles (e.g., nanoparticles) for which sufficient 

human data may not be available.

References

Anjilvel S, Asgharian B. A multiple-path model of particle deposition in the rat lung. Fundam Appl 
Toxicol. 1995; 28:41–50. [PubMed: 8566482] 

Kuempel et al. Page 3

Ann Occup Hyg. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Attfield MD, Vallyathan V, Green FHY. Radiographic appearances of small opacities and their 
correlation with pathology grading of macules, nodules, and dust burden in the lungs. Ann Occup 
Hyg. 1994; 38(Suppl. 1):783–9.

Attfield MD, Kuempel ED. Mortality among U.S. underground coal miners: a 23-year follow-up. Am 
J Ind Med. 2008; 51:231–45. [PubMed: 18247381] 

Attfield MD, Seixas NS. Prevalence of pneumoconiosis and its relationship to dust exposure in a 
cohort of U.S. bituminous coal miners and ex-miners. Am J Ind Med. 1995; 27:137–51. [PubMed: 
7900731] 

Attfield, M.; Castranova, V.; Kuempel, E., et al. Coal. Patty’s industrial hygiene. 6th2012. Wiley 
online. Available at http://onlinelibrary.wiley.com/doi/10.1002/0471435139.tox016.pub2/pdf

Bellmann B, Muhle H, Creutzenberg O, et al. Lung clearance and retention of toner, utilizing a tracer 
technique, during chronic inhalation exposure in rats. Fundam Appl Toxicol. 1991; 17:300–13. 
[PubMed: 1662649] 

Bermudez E, Mangum JB, Asgharian B, et al. Long-term pulmonary responses of three laboratory 
rodent species to subchronic inhalation of pigmentary titanium dioxide particles. Toxicol Sci. 2002; 
70:86–97. [PubMed: 12388838] 

Bermudez E, Mangum JB, Wong BA, et al. Pulmonary responses of mice, rats, and hamsters to 
subchronic inhalation of ultrafine titanium dioxide particles. Toxicol Sci. 2004; 77:347–57. 
[PubMed: 14600271] 

Castranova V. From coal mine dust to quartz: mechanisms of pulmonary pathogenicity. Inhal Toxicol. 
2000; 12(Suppl. 3):7–14. [PubMed: 26368596] 

Cherrie JW, Brosseau LM, Hay A, et al. Low-toxicity dusts: current exposure guidelines are not 
sufficiently protective. Ann Occup Hyg. 2013; 57:685–91. [PubMed: 23835898] 

Elder A, Gelein R, Finkelstein JN, et al. Effects of subchronically inhaled carbon black in three 
species. I. Retention kinetics, lung inflammation, and histopathology. Toxicol Sci. 2005; 88:614–
29. [PubMed: 16177241] 

Graber JM, Stayner LT, Cohen RA, et al. Respiratory disease mortality among US coal miners; results 
after 37 years of follow-up. Occup Environ Med. 2014; 71:30–9. [PubMed: 24186945] 

Green FH, Vallyathan V, Hahn FF. Comparative pathology of environmental lung disease: an 
overview. Toxicol Pathol. 2007; 35:136–47. [PubMed: 17325982] 

Gregoratto D, Bailey MR, Marsh JW. Modelling particle retention in the alveolar-interstitial region of 
the human lungs. J Radiol Prot. 2010; 30:491–512. [PubMed: 20826887] 

Gregoratto D, Bailey MR, Marsh JW. Particle clearance in the alveolar-interstitial region of the human 
lungs: model validation. Radiat Prot Dosimetry. 2011; 144:353–6. [PubMed: 21036808] 

ILSI (International Life Sciences Institute). The relevance of the rat lung response to particle overload 
for human risk assessment: a workshop consensus report. Inhal Toxicol. 2000; 12:1–17.

Kuempel ED, O’Flaherty EJ, Stayner LT, et al. Relationships between lung dust burden, pathology, 
and lifetime exposure in an autopsy study of U.S. coal miners. Annals Occup Hygiene. 1997; 
41(Suppl. 1):384–9.

Kuempel ED. Comparison of human and rodent lung dosimetry models for particle clearance and 
retention. Drug Chem Toxicol. 2000; 23:203–22. [PubMed: 10711398] 

Kuempel ED, O’Flaherty EJ, Stayner LT, et al. A bio-mathematical model of particle clearance and 
retention in the lungs of coal miners. Regul Toxicol Pharmacol. 2001; 34:69–87. [PubMed: 
11502158] 

Kuempel ED, Tran CL, Smith RJ, et al. A biomathematical model of particle clearance and retention in 
the lungs of coal miners. II. Evaluation of variability and uncertainty. Regul Toxicol Pharmacol. 
2001; 34:88–101. [PubMed: 11502159] 

Kuempel ED, Tran CL. Comparison of human lung dosimetry models: implications for risk 
assessment. Ann Occup Hyg. 2002; 46(Suppl. 1):337–41.

Kuempel ED, Smith RJ, Dankovic DA, et al. Rat- and human-based risk estimates of lung cancer from 
occupational exposure to poorly-soluble particles: a quantitative evaluation. J Phys: Conf Ser, 
Inhaled Particles. 2009; 151(1) 012011.X 2009 Mar. 

Maronpot RR, Flake G, Huff J. Relevance of animal carcinogenesis findings to human cancer 
predictions and prevention. Toxicol Pathol. 2004; 32(Suppl. 1):40–8. [PubMed: 15209402] 

Kuempel et al. Page 4

Ann Occup Hyg. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://onlinelibrary.wiley.com/doi/10.1002/0471435139.tox016.pub2/pdf


Mauderly JL. Relevance of particle-induced rat lung tumors for assessing lung carcinogenic hazard 
and human lung cancer risk. Environ Health Perspect. 1997; 105(Suppl. 5):1337–46. [PubMed: 
9400748] 

Miller BG, MacCalman L. Cause-specific mortality in British coal workers and exposure to respirable 
dust and quartz. Occup Environ Med. 2010; 67:270–6. [PubMed: 19819863] 

Morrow PE. Possible mechanisms to explain dust overloading of the lungs. Fundam Appl Toxicol. 
1988; 10:369–84. [PubMed: 3286345] 

MSHA. 30 CFR Parts 70, 71, 72, et al. Lowering miners’ exposure to respirable coal mine dust, 
including continuous personal dust monitors; Final Rule. Mine Safety and Health Administration, 
U.S. Department of Labor. Fed Reg. 2014 May 1.79:24813–994. Available at https://
www.federalregister.gov/articles/2014/05/01/2014–09084/lowering-miners-exposure-to-
respirable-coal-mine-dust-including-continuous-personal-dust-monitors. Accessed 27 June 2014. 

Muhle H, Creutzenberg O, Bellman B, et al. Dust overloading of lungs: investigations of various 
materials, species differences, and irreversibility of effects. J Aerosol Med. 1990; 3(Suppl. 
3):S111–28.

Nikula KJ, Avila KJ, Griffith WC, et al. Lung tissue responses and sites of particle retention differ 
between rats and cynomolgus monkeys exposed chronically to diesel exhaust and coal dust. 
Fundam Appl Toxicol. 1997; 37:37–53. [PubMed: 9193921] 

Nikula, KJ.; Vallyathan, V.; Green, FHY., et al. Proceedings of Particulate Mater 2000, January 23–
28, 2000. Charleston, SC: Air and Waste Management Association; 2001. Influence of dose on the 
distribution of retained particulate material in rat and human lungs. 

NIOSH. Criteria for a recommended standard: occupational exposure to respirable coal mine dust. 
Cincinnati, OH: U.S. Department of Health and Human Services, Public Health Service, Centers 
for Disease Control and Prevention, National Institute for Occupational Safety and Health; 1995. 
DHHS (NIOSH) Publication No. 95-106

NIOSH. Current intelligence bulletin 64: coal mine dust exposures and associated health outcomes: a 
review of information Published Since 1995. Cincinnati, OH: U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control and Prevention, National 
Institute for Occupational Safety and Health; 2011a. DHHS (NIOSH) Publication No. 2011-172

NIOSH. Current intelligence bulletin 63: occupational exposure to titanium dioxide. Cincinnati OH: 
U.S. Department of Health and Human Services, Centers for Disease Control, National Institute 
for Occupational Safety and Health; 2011b. DHHS (NIOSH) Publication No. 2011-160

Oberdörster G, Ferin J, Morrow PE. Volumetric loading of alveolar macrophages (AM): a possible 
basis for diminished AM-mediated particle clearance. Exp Lung Res. 1992; 18:87–104. [PubMed: 
1572327] 

Schins RP, Knaapen AM. Genotoxicity of poorly soluble particles. Inhal Toxicol. 2007; 19(Suppl. 1):
189–98. [PubMed: 17886067] 

Snipes MB. Long-term retention and clearance of particles inhaled by mammalian species. Crit Rev 
Toxicol. 1989; 20:175–211. [PubMed: 2692607] 

Suarthana E, Laney AS, Storey E, et al. Coal workers’ pneumoconiosis in the United States: regional 
differences 40 years after implementation of the 1969 Federal Coal Mine Health and Safety Act. 
Occup Environ Med. 2011; 68:908–13. [PubMed: 21597107] 

Tran, CL.; Buchanan, D. Development of a biomathematical lung model to describe the exposure-dose 
relationship for inhaled dust among UK coal miners. Edinburgh; Institute of Occupational 
Medicine; 2000. IOM Research Report TM/00/02

Tran CL, Jones AD, Cullen RT, et al. Mathematical modeling of the retention and clearance of low-
toxicity particles in the lung. Inhal Toxicol. 1999; 11:1059–76. [PubMed: 10562697] 

Tran CL, Buchanan D, Cullen RT, et al. Inhalation of poorly soluble particles. II. Influence of particle 
surface area on inflammation and clearance. Inhal Toxicol. 2000; 12:1113–26. [PubMed: 
11114784] 

Kuempel et al. Page 5

Ann Occup Hyg. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.federalregister.gov/articles/2014/05/01/2014–09084/lowering-miners-exposure-to-respirable-coal-mine-dust-including-continuous-personal-dust-monitors
https://www.federalregister.gov/articles/2014/05/01/2014–09084/lowering-miners-exposure-to-respirable-coal-mine-dust-including-continuous-personal-dust-monitors
https://www.federalregister.gov/articles/2014/05/01/2014–09084/lowering-miners-exposure-to-respirable-coal-mine-dust-including-continuous-personal-dust-monitors

