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Purpose

This presentation will discuss and identify some “key
drivers” to reduce diesel emission and thus reduce 
exposure.
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Why is this such an important issue?
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SOURCE: Vermeulen R, Silverman DT, Garshick E, Vlaanderen J, Portengen L, Steenland K. 2014b. Exposure–response estimates 
for diesel engine exhaust and lung cancer mortality based on data from three occupational cohorts. Environ Health Perspect
122:172–177. doi: 10.1289/ehp.1306880.
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The meta-analyis by Vermeulen et al (2014) played a big part in 
the review and indicate that at the current OELs for 
underground mining in both the US and Australia with 15 years 
exposure at the current OEL can result in a doubling of the risk 
for lung cancer indicated. 

These findings pave the way for compensation claims for lung 
cancer and of course also provide the impetus to integrate new 
technology into mining such as battery powered vehicles which 
are now being introduced into a number of underground mines 
especially for deeper mines.

What about older engines?
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Diesel engine 
exhaust 
(annual 
burden)

897,000 exposed 

560 lung cancers (2.4%)

200 bladder cancers (2.7%)

Source: Occupational Cancer Research Centre (OCRC Sept. 2019, p. 11) – Burden of Occupational Cancer in Canada     
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Exposure to diesel exhaust from diesel powered trains

Source: Anderson et al. 2019, Health effects of exposure to diesel exhaust in diesel-powered trains. 

Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention 

Health effects of exposure to diesel exhaust from diesel powered trains

Source: Anderson et al. 2019, Health effects of exposure to diesel exhaust in diesel-powered trains. 
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Source: Anderson et al. 2019, Health effects of exposure to diesel exhaust in diesel-powered trains. 

Health effects of exposure to diesel exhaust in diesel powered trains

Combustion-derived air pollutants were considerably higher in the passenger carriages of 
diesel trains compared with electric trains.  The concentrations of black carbon was 8.5 μg /m3

(0.008mg/m3) higher, respectively, in diesel as compared to electric trains. 

Net increases of NOx and NO2 concentrations were 317 μg/m3 and 36 μg/m3 respectively. 

Exposure to diesel exhaust was associated with:

• reduced lung function (poorer lung health), 
• increased levels of DNA strand breaks (cell death and potential for cancer),
• cardiovascular (heart) health effects. 
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Source: Anderson et al. 2019, Health effects of exposure to diesel exhaust in diesel-powered trains. 

Findings: 

Exposure to diesel exhaust (DE) inside diesel-powered 
trains for 3 days was associated with reduced lung 
function and systemic effects in terms of altered 
heart rate variability and increased levels of DNA 
strand breaks in peripheral blood mononuclear cells 
(PBMCs) compared with electric trains.
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Source: The Guardian 17 Sept. 2019, 
https://www.theguardian.com/environment/2019/sep/17/air-pollution-particles-found-on-
foetal-side-of-placentas-study
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Source: Bove et al. 2019, Ambient black carbon particles reach the fetal side of human placenta. 
Nature Communications (2019) 10: 3866 https://www.nature.com/articles/s41467-019-11654-3
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Organisation Year Comments

BHPB6 November 
2015

After reviews by a leading Australian Epidemiologist and the IOM7 BHPB 
(Global Standard) – Exposure must be as low as technically feasible. Interim 
target set at 0.03mg/m3 (measured as EC NIOSH 5040) 

Health Canada8 2017 Human Health Risk Assessment for Diesel Exhaust. Causal lung cancer, 
suggestive bladder cancer. 

OCRC9 2017 Burden of Occupational Cancer in Ontario.
Policy Recommendations For Diesel Engine Exhaust:
1. Adopt occupational exposure limits of 0.02mg/m3 (elemental carbon EC) 

for the mining industry and 0.005 EC mg/m3 for other workplaces).
2. Upgrade or replace old on-road and off-road trucks and diesel engines.
(OCRC, 2017 p.25).
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Are regulators setting occupational exposure limits, at 
levels low enough, to drive continuous improvement and 
provide the impetus for newer technology / retrofits 

• higher tier engines and / or battery powered 
vehicles

• and / or install diesel particulate filters (DPFs)?
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Is setting a suitably protective 
occupational exposure limit (OEL) or 
target for diesel particulate matter (DPM) 
a “key driver” to reduce exposure?

Mining Diesel Emissions Council (MDEC 2017)
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Occupational Cancer Research Centre

Report Release: Burden of Occupational Cancer in Ontario 
(2017)

The Finnish Institute for Occupational Health 
recommends occupational exposure limits of 20 μg/m3

elemental carbon for the mining industry 

and 5 μg/m3 elemental carbon for other workplaces, 
based on evidence of health effects and feasibility 
considerations. 
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https://www.healthcouncil.nl/documents/advisory-reports/2019/03/13/diesel-
engine-exhaust
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The Dutch Committee on Occupational Safety (DECOS) has estimated 
so-called health-based calculated occupational cancer risk values 
(HBC-OCRVs) The DECOS estimates that the exposure concentrations 
of respirable elemental carbon in the air, which serve as parameter 
for exposure to diesel engine exhaust powered by petroleum-diesel 
fuels, and which corresponds to:

• 4 extra death cases of lung cancer per 100,000 (target risk 
level), for 40 years of occupational exposure, equals to 0.011 
µg REC/m3,

• 4 extra death cases of lung cancer per 1,000 (prohibition risk 
level), for 40 years of occupational exposure, equals to 1.03 µg 
REC/m3.

How low is low enough?



MDEC 2019

S8P2 - 11

Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention 

While safe levels of exposure “promulgated” as occupational exposure limits 
(OELs), are being discussed and debated, 

it appears that previously acceptable OELs are no longer safe. 
Therefore it is important that the internal responsibility system be 
implemented and the precautionary principle approach be followed, 
especially as it may be some time before a suitably protective OEL 
specifically for diesel particulate matter (DPM) is in place. 
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Nevertheless - There must be a line in the sand!
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Ministry of Labour 2014 Underground Diesel Survey Outcomes

DPF

Why?

Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention Recent survey of Australian, Queensland Metal Mines
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https://qmihsc2019.evertechnology.com/

https://qmihsc2019.evertechnology.com/conference-session/management-diesel-exhaust/
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Canada Early 1990’s 1.5mg/m3

Ontario 2012 0.4 mg/m3 TC equivalent to 0.31 EC
(Quebec is now the same)

MSHA American mines 2008 0.16 mg/m3 TC equivalent to ~ 0.12 EC
(dividing TC by 1.3)

Australia 0.1mg/m3 EC (measured as submicron elemental carbon)

Note: Occupational Exposure Limit for Provinces in Canada 
are 

3 X US & Australia. 
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Latest from Ministry of Labour (March 20 2018) current and proposed exposure limits:
On and off-road diesel engines are widely used in other industries such as construction, 
transportation and warehousing. As an important first step in minimizing and controlling 
worker exposures to DPM in these sectors, the MOL is proposing to add a new listing 
and OEL for DPM measured as total carbon, in the Ontario Table (Table 1) in Regulation 
833 based on the revised MSHA limit of 160 µg/m3, (0.16mg/m3)total carbon (~0.12 
mg/m3 Elemental Carbon)(MOL, 2018). 45 day consultation period due May 4, 2018.

For the first time in Canada, an Occupational Exposure Limit (OEL) for diesel particulate 
matter (DPM), is being proposed,  which applies to all workplaces in Ontario.
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GE and BHP Billiton announce global 
partnership to improve efficiency and 
reduce emissions in the mining sector

http://www.genewsroom.com/press-releases/ge-and-bhp-billiton-announce-global-
partnership-improve-efficiency-and-reduce 

Using battery powered vehicles ie. battery powered scoop used underground.
https://gereports.ca/breathing-easier-underground/ We have the technology!

Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention Reproduced with permission from OCRC



MDEC 2019

S8P2 - 16

Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention 

Dr. Rob McDonald VP Health and Hygiene, BHP Billition.

Australian Institute of Occupational Hygienists (AIOH), 
plenary December 2016.

• “Significant lag that exists between regulatory 
action and the level of science that informs 
health risk”.

• “Should be managing exposure to diesel 
exhaust to as low as technically feasible”.

• Interim target to be managing diesel exhaust to 
0.03mg/m3 TWA 8-hrs measured as elemental 
carbon.

https://www.youtube.com/watch?v=n_iFh-BsECo&feature=youtu.be&a

Occupational Health Clinics for Ontario Workers Inc. 
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Is setting a suitably protective occupational 

exposure limit (OEL) or target for diesel 
particulate matter (DPM) a “key driver” to 
reduce exposure?
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https://www.carexcanada.ca/en/videos/
Please share
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https://www.workplacesafetynorth.ca/resources/hazards-associated-diesel-exhaust-emissions
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The future

Switzerland

Diesel engines used in new construction machines must comply 
with a Swiss particle number (PN) emission limit. The PN 
emission requirements ensures that all construction machines 
sold in Switzerland be fitted with diesel particulate filters.

https://www.dieselnet.com/standards/ch/
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Diesel emission reduction (key drivers)

• Establish an internal Occupational Exposure Limit (OEL). Don’t rely on statutory limits. 
• Conduct regular monitoring. What gets measured gets noticed what gets noticed gets action.
• Investigate single exceedances (personal monitoring and raw exhaust) and assign corrective 

actions. 
• Train / raise awareness – everyone can play a part in a diesel emission reduction program.
• Control exposure following the hierarchy of control.
• Treat older higher risk (emitting) engines first (install diesel particulate filters).
• Evaluate the effectiveness of control measures.
• Management commitment!
• Learn from other operations, jurisdictions, countries.
• Look to the future and consider the global (GHG) and public health impact.   


