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A number of nanomaterials are
classified as carcinogenic or possibly
carcinogenic by IARC

• Diesel exhaust particles (1)
• Carbon black (2B)
• Titanium dioxide nanoparticles (2B)
• Mitsui-7 carbon nanotubes (2B)
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Nanosize increases the carcinogenic
potency in chronic inhalation studies of 
TiO2

Air concentration Total number of lung
tumors

Fine, rutile TiO2 250 mg/m3 39/151 rats= 26% Lee et al (1985)

Nano TiO2 (P25) 10 mg/m3 32/100 rats= 32% Heinrich (1995)
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Fine, rutile TiO2 did not cause cancer in 2-year inhalation studies at 5, 10 or 50 mg/m3

(Muhle et al 1991, Lee et al , 1985)

Cancer risk for ultrafine TiO2: 250 mg/m3 gives 26% cancer
Divide by 22.5 to normalise to 45 years instead of 2 years
Divide by 260 to normalise to 0.1% risk : 43 ug will give 1:1000 cancer risk



• If no epidemiological evidence is avaiable, animal studies 
are used for risk assessment

• Only inhalation studies can be used for risk assessment
• 2 year chronic inhalation studies in rats (no cancer in mice

and hamsters)
• We want to estimate human lung cancer risk (0.1% -

0.001%) during 40 years of exposure based on groups of 
50-100 rats exposed for 2 years (the detection limit is ca. 
5% cancer), so the air concentrations should at least be 50 
(5%/0.1%) x 20 (40 years/2 years) = 1000 fold higher in the 
animal studies

• Concern has been raised that impaired clearence
(overload) will lead to over-estimation of cancer risk
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Animal models of particle-induced
lung cancer 
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Proposed key characteristics of 
carcinogens

Smith MT EHP, 2016, PMID: 26600562 

Release of toxic
substances; fx PAH, 
metals

Surface-dependent 
ROS generation

Deposited total 
surface area
Shape (HARN)



Mechanisms of action of diesel 
exhaust-induced cancer

• Both DEP and NOx induces inflammation
• Diesel exhaust induces lung cancer in chronic inhalation studies in 

rats 
• 2 year cancer studies in rats: Diesel Engine Exhaust induces lung

cancer, but not filtered DEE. Thus, the particulate fraction is the 
carcinogenic component (Brightwell 1989).

• Both inhalation of DEE and instillation of DEP and DEP extracts
induced mutations in lungs of mice (Hashimoto 2007)

• Evidence that both carbon core and DEP extracts (PAH, OC) 
contribute to carcinogenicity (Hashimoto, 2007, Heinrich 1995)

• PAH adduct formation and particle surface-induced ROS: primary
genotoxicity and non-threshold effects
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Two year inhalation study in female (and male) rats exposed to diesel exhaust (DE), TiO2 (P25) and CB 
(Printex90) (Heinrich et al., 1995). 
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TiO2

DE

Average particle exposure (mg/m3)

Clean air DE CB TiO2

Exposure concentration 0 0.8 2.5 7.0 11.6 10
Number of rats with tumours

with benign tumours 1/217 0/198 11/200 22/100 39/100 32/100
without benign tumours 4/200 9/100 28/100 19/100

Table 4. Lung cancer incidence in rats exposed to diesel exhaust particles (DEP), carbon black (CB) and titanium dioxide (TiO2) after 30 
months (24 months of exposure followed by 6 months in clean air) (Heinrich et al. 1995).

Cancer frequency in female rats in chronic inhalation 
studies; the carcinogenic potency is the same for 3 
insoluble NMs (DEP, TiO2 and CB)

CB

2.5 mg/m3 DE induced cancer in 5.5%
40 years instead of 2
20:10 000 instead of 5.5 
4.5 ug/m3



Concern: the overload hypothesis

• Rats develop lung cancer after
particle inhalation (2 years)

• Mice and hamsters do not
• Dose-dependent differences in 

particle retention
• Overload is seen for CB Printex90 

at 50 mg/m3 (13 weeks)
• It is argued that rats therefore

overestimate human cancer risk
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Nano-sized carbon black particles (P90) at 
different exposure levels

1 mg/m3

7 mg/m3

50 mg/m3

Elder et al, 2005, Tox Sci, 88(2) 614
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Clearence half-times for CB (Printex90), 
TiO2 (P25) and diesel exhaust particles in 

the two year inhalation study

Heinrich et al, 1995



Cumulative dose-response relationship between
diesel exhaust exposure and lung cancer risk in 
three epidemiologial studies
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Vermeulen et al, 2014, EHP



Risk estimate for DEP based on 
epidemiological evidence
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Vermeulen et al, EHP

The EU OEL for 
DEP is 50 ug/m3



Diesel exhaust as a case:
Diesel exhaust (DE) cause cancer, filtered DE does not.
In chronic (2 year) inhalation studies in rats, 
• 2.5 mg/m3 DE induced cancer in 5.5% of the exposed rats
• 40 years instead of 2
• 20:10 000 instead of 5.5%: 
• 4.5 ug/m3 will induce 20 excess lung cancer cases
• Epidemiological meta-analysis: 1 ug/m3 induce 17 lung

cancers:10 000 exposed
• the chronic inhalation in rats does not over-estimate lung

cancer risk for DE
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Comparable risk estimates from 
chronic inhalation studies and 

epidemiological studies on DEP



AOP: NP-induced lung cancer

MIE

Pulmonary
exposure to 
nanosized
particles

NM Phys./Chem 
properties, 
shape, …

KE1
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size dependent 
accumulation of 
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nanoparticles

KE2
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lung tissue 
(alveoles)

KE5: Induction of 
mutations in 
critical genes 
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KE3

AO: Lung
Adenoma/car
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dependent 
formation 
of DNA 
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assays for ROS 
generation

Prediction of deposited dose 
based on particle size
distribution duiing
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area, and solubility

In vitro assays 
detecting 
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dependent 
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In vitro assays 
detecting 
inflammation

KE3

KE3C: Release of 
genotoxic agents 
(ie metals, PAH 
ect



Thank you for your attention!
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