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Outline  

• Diesel exhaust exposure and population at risk 
• Health effects & mechanisms 
• Epidemiology  
• Exposure response studies 

 



Kauppinen et al 2000, HazChem@work 

• Population at risk in EU28: Diesel exhaust 3.000.000 occupationally 
exposed individuals 
 

• Truck and lorry drivers, ferry and dock workers, mechanics, 
construction workers, miners, etc.   
 



Diesel exhaust composition   

Average emissions from US 2004 compliant (corresponding to EU 1998–2000) and US 
2007 compliant (corresponding to EU 2013/Euro VI) heavy-duty diesel engines (taken 
from NEG 2016). 
Compound US 2004 (EU 1998–

2000) compliant engines 
(average ± SD, mg/h) 

US 2007 (EU 2013) 
compliant engines 

(average ± SD, mg/h) 

Reduction of 
emissions (%) 

Elemental carbon 3 445 ± 1 110 23 ± 4.7 99 

Organic carbon 1 180 ± 71 53 ± 47 96 

Inorganic ions 320 ± 156 92 ± 38 71 

Metals and elements 400 ± 141 6.7 ± 3.0 98 

PAHs 325 ± 106 70 ± 24 79 

Nitro-PAHs 0.3 ± 0.0 0.1 ± 0.0 81 

Single-ring aromatics 405 ± 149 72 ± 33 82 

Alkanes 1 030 ± 240 155 ± 78 85 

Hopanes/steranes 
(polycyclic hydrocarbons) 

8.2 ± 6.9 0.1 ± 0.1 99 

Alcohols and organic acids 555 ± 134 107 ± 25 81 

Carbonyls 12 500 ± 3 536 255 ± 95 98 

Dibenzodioxins and furans nd 6.2 × 10-5 ± 5.2 × 10-5 nd 
 ‘old’                             ‘new’ diesel exhaust 


		Average emissions from US 2004 compliant (corresponding to EU 1998–2000) and US 2007 compliant (corresponding to EU 2013/Euro VI) heavy-duty diesel engines (taken from NEG 2016).
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Acute toxicity (from SCOEL/Opin/403) 

• Acute irritation 
• Inflammatory and respiratory symptoms (e.g., eye, throat, lung) 

(cough, phlegm)  
• Pulmonary inflammation in humans (challenge studies) 
• Neurophysiological symptoms (e.g., light headedness, nausea) 
• Immunological  effects – exacerbation of allergenic responses to 

known allergens, increased sensitization risk  
• Exacerbations of asthma 
• Cardiovascular effects   

 



Respiratory inflammation in humans 

Effects observed around 100 µg DEEE/m3 , 0.2 – 0.4 ml/m3 NO2 for 1 – 
2 hours 

 Study 
subjects 

Exposures  Concentrations  Effects Reference  

23 healthy, 
32 asthmatics 
(mild to 
moderate), 
non-smokers, 
15 min 
ergometer 15 
min rest 
(20 l/min/m2) 

DEP [µg/m3] 
NO2 [ml/m3] 
NO [ml/m3] 
CO [ml/m3] 
EC 
 
 
idling 1991 Volvo 
diesel engine 
(Volvo TD45, 4.5 l, 
four cylinders, 680 
rpm) 

100 (PM10)  
0,4 
1,3 
9,4 
no data 

18 h after exposure 
bronchoscopy: 
healthy: 
BW: neutrophils ↑, IL-6 
↑, myeloperoxidase ↑, 
No changes: 
IL-8, adhesion molecules 
(ICAM-1, P-+ E-selectin,, 
VCAM-1, stem cell-
factor), GSH, GSSG 
asthmatics: 
PEF ↓ (8%), 24 h: PEF ↓ 
(14%), n.s. after 42 h, no 
other effects  

Behndig et al. 2011 

 

Most studies explored 
the nature of the  
inflammatory response 
 
Single exposure level 
 
No exposure response 
 


		Study subjects

		Exposures 

		Concentrations 

		Effects

		Reference 



		23 healthy,

32 asthmatics (mild to moderate),

non-smokers,

15 min ergometer 15 min rest

(20 l/min/m2)

		DEP [µg/m3]

NO2 [ml/m3]

NO [ml/m3]

CO [ml/m3]

EC





idling 1991 Volvo diesel engine (Volvo TD45, 4.5 l, four cylinders, 680 rpm)

		100 (PM10) 

0,4

1,3

9,4

no data

		18 h after exposure bronchoscopy:

healthy:

BW: neutrophils , IL-6 , myeloperoxidase ,

No changes:

IL-8, adhesion molecules (ICAM-1, P-+ E-selectin,, VCAM-1, stem cell-factor), GSH, GSSG

asthmatics:

PEF  (8%), 24 h: PEF  (14%), n.s. after 42 h, no other effects 

		Behndig et al. 2011









Effects after repeated exposure 

• Chronic inflammation 
• Reduction of lung function 

(spirometry)  
• Increased cardiopulmonary 

mortality 
• ischemic heart disease (several 

earlier studies, clear positive study 
by Costello et al., Am J Epid 2018 
using respirable elemental carbon 
and respirable dust levels in 10799 
US miners) 



Carcinogenic properties  

• IARC evaluation 1988  possible carcinogen (Group 2A) 
• IARC evaluation 2012  human carcinogen (Group 1)  

 
• Lung cancer   sufficient evidence  
• Bladder cancer   limited evidence 

 



Mode of Action 

• IARC 2013 … concluded that “there is strong mechanistic evidence 
that diesel engine exhaust can induce lung cancer in humans through 
genotoxic mechanisms including DNA damage, gene and 
chromosomal mutation, changes in relevant gene expression, the 
production of ROS and inflammatory responses. In addition, the co-
carcinogenic, cell-proliferative and/or tumour-promoting mechanisms 
probably contribute to the lung carcinogenesis induced by diesel 
exhaust.” 
 



Mode of Action 

• SCOEL …., there is evidence of a direct genotoxic activity as well as for 
indirect genotoxicity. Therefore,…., traditional DEE could be classified 
as category B (“genotoxic carcinogen, for which the existence of a 
threshold cannot be sufficiently supported”)  

• Or C (“genotoxic carcinogen for which a practical threshold is 
supported”) carcinogen. “Toxicological and pathobiological 
information from animal studies supports a mode of action, for which 
possibly a threshold could be established.  

• However, the epidemiological evidence does not allow to identify a 
critical threshold that could serve for derivation of an OEL … 



Epidemiology: meta-analysis  
Lipsett & Campleman, 1999 

• 30 of 47 studies included 
• Factors consistent with higher 

study quality were associated with 
higher risk estimates (adjustment 
for smoking, ↓ likelihood of 
selection bias, ↑ power) 

• Pooled RR-estimate 1.47 (1.29-
1.67) 
 



Meta analysis  
Lipsett & Campleman, 1999 



Exposure studies review 
Pronk et al., 2009 

• Highest levels: enclosed underground work sites with heavy equipment 
(mining, mine maintenance, and construction) (EC 27–658 µg/m3).  
 

• Intermediate levels: above-ground (semi-) enclosed areas with smaller 
equipment (mechanics, emergency workers in fire stations, distribution 
workers at a dock, workers loading/unloading ferry terminals (EC <50 
µg/m3).  
 

• Lowest levels enclosed areas: separated from source (drivers, train crew, or 
outside surface mining, parking attendants, vehicle testers, utility service 
workers, surface construction and airline ground personnel) EC<25 µg/m3). 



Synergy study coordinated by IARC 
Olsen et al., 2011 

• 13304 lung cancer cases 
• 16282 controls 
• From 11 cases control studies 

from Canada and Europe 
• ISCO-68 occupational codes (no, 

low, high diesel exhaust 
exposure) 



Synergy study 
Olsen et al., 2011 



Quantitative exposure response studies 

• Teamster Union Trucker study (Steenland et al., 1998): case-control study 
among workers in the US trucking industry (Central States Teamster Union) 

• Trucker Industry Particle study (Garshick et al., 2012): US trucking industry 
workers was a retrospective cohort study 

• Diesel Exhaust Mining Study (Attfield et al., 2012; Silverman et al., 2012, 
2014): cohort & nested case-control study part of a large cohort mortality 
study of workers in the US non-metal mining industry (NCI, NIOSH) 

• German Potash Study (Mohner et al., 2013): reanalysis of retrospective 
cohort study among nearly 6,000 German potash miners 



Meta-analysis 
Vermeulen & Portengen, 2014 and additional sensitivity analysis 2017 



Quantitative exposure response studies and related meta-analyses 

• Discussed extensively, critical comments resulted into multiple sensitivity 
analyses, additional exposure reconstruction and validation studies (HEI 2015; 
Crump 1999; 2001; Crump and Landingham 2012;  Crump 2014; Crump et al. 
2015; Moolgavkar et al. 2015; Morfeld and Spallek 2015, Mohner & Wendt, 2017, 
Vermeulen & Portengen, 2017, etc. etc.) 
 

• Garshick et al., and Silverman et al., studies extensively reviewed by diesel 
epidemiology panel of the Health Effect Institute (2015) 

• General issues in the data analysis (adjustment for HWE by tenure) 
• Bias due to uncertainties in the reconstruction of historical exposure levels 
• Confounding by other risk factors; smoking, radon exposure 
• Co-exposure to other potential carcinogenic substances 

• These two studies considered of sufficient quality for risk assessment, but 
uncertainties have to be taken into account 



A few critical notes  

• Epidemiology of diesel exhaust and lung cancer is generally narrowed to 3 
(or 4) quantitative studies 

• Job title studies are generally in line with the quantitative exposure 
response studies given known exposure levels and average duration of 
exposure 

• Results in line with general air pollution epidemiology but quantitatively 
difficult to compare (Pope et al., EHP 2011) 
 



A few critical notes  

• Context of the Attfield/Silverman et al., study. Undertaken by US 
Governmental organizations. Highly protocolized, with the protocol 
based on what are considered best practices in occupational 
epidemiology and exposure estimation 

• Re-analyses not protocolized but post hoc approaches 
• How many sensitivity analyses will we conduct (At least one more 

under way)? 
 



COI SCOEL Le Monde 25/2/2017 

• Industry had a dramatic influence on 
the design, conduct, analysis of some 
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