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What this presentation will cover:

• Recap on previous MDEC presentations.

• Occupational exposure limits are not fine dividing lines.

• Health effects, epidemiology and recent research.

• Diesel emissions contain “Non-threshold” Genotoxic Carcinogens – what 
does this mean?

• Reduce diesel emissions “as low as reasonably practicable” (ALARP), and 
as part of an overall Airborne Hazard Management Program, required in 
Regulation 854

• When measuring and evaluating airborne hazards, it is also important, that 
the risk assessment be carried out for a mixture. 
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MDEC year Title

MDEC 2013 Diesel emission in underground mining – A program for 
control, shared learning from Queensland Australia.

MDEC 2017 Is setting a suitably protective occupational exposure limit 
(OEL) for diesel particulate matter (DPM) a “key driver” to 
reduce exposure.

MDEC 2018 Occupational disease action plan (ODAP) and collaboration 
between system partners.

MDEC 2019 Diesel emission reduction.

MDEC 2022 The Past, Present and Future: Diesel Exhaust Exposures in 
Mining – A Tool to Assess Lung Cancer Risk

https://mdec.ca/2013/
https://mdec.ca/2013/S3P1_Hedges.pdf
https://mdec.ca/2013/S3P1_Hedges.pdf
https://mdec.ca/2017/
https://mdec.ca/2017/S1P2_Hedges.pdf
https://mdec.ca/2017/S1P2_Hedges.pdf
https://mdec.ca/2018/
https://mdec.ca/2018/S8P1_Kevin_Hedges.pdf
https://mdec.ca/2018/S8P1_Kevin_Hedges.pdf
https://mdec.ca/2019/
https://mdec.ca/2019/S8P2_Kevin_Hedges.pdf
https://mdec.ca/2022/
https://mdec.ca/2022/S4P1_hedges.pdf
https://mdec.ca/2022/S4P1_hedges.pdf
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https://www.ohcow.on.ca/posts/emissions-based-diesel-
engine-maintenance/

Diesel Exhaust Exposure and Health Risk in Transportation and 

the Community

•OCC-TOBER, WEBINARS (RECORDED)

•2021, COMMUNITY, EXPOSURE, RISK 

FACTORS, TRANSPORTATION

Via OHCOW webinars

https://www.ohcow.on.ca/posts/emissions-based-diesel-engine-maintenance/
https://www.ohcow.on.ca/posts/emissions-based-diesel-engine-maintenance/
https://www.ohcow.on.ca/posts/diesel-exhaust-exposure-health-risk-transportation-community/
https://www.ohcow.on.ca/posts/diesel-exhaust-exposure-health-risk-transportation-community/
https://www.ohcow.on.ca/posts/category/events/webinars-live/occ-tober/
https://www.ohcow.on.ca/posts/category/resources-type/webinars-recorded/
https://www.ohcow.on.ca/posts/tag/2021/
https://www.ohcow.on.ca/posts/tag/community/
https://www.ohcow.on.ca/posts/tag/exposure/
https://www.ohcow.on.ca/posts/tag/risk-factors/
https://www.ohcow.on.ca/posts/tag/risk-factors/
https://www.ohcow.on.ca/posts/tag/transportation/
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https://www.ohcow.on.ca/occupational-illness/exposures/

https://www.ohcow.on.ca/occupational-illness/exposures/
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https://www.ohcow.on.ca/resources/apps-tools-calculators/diesel-exhaust-relative-risk-calculator/

https://www.ohcow.on.ca/resources/apps-tools-calculators/diesel-exhaust-relative-risk-calculator/
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Recent research 854 

Diesel Exhaust in Miners Study updated literature

The Diesel Exhaust in Miners Study (DEMS) II: Temporal Factors Related to Diesel 

Exhaust Exposure and Lung Cancer Mortality in the Nested Case–Control Study (August, 

2023)

https://ehp.niehs.nih.gov/doi/10.1289/EHP11980

Diesel Exhaust Exposure and Cause-Specific Mortality in the Diesel Exhaust in Miners 

Study II (DEMS II) Cohort (August 2023)

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP12840

Invited Perspective: Diesel Exhaust and Lung Cancer—Delayed Findings Confirmed, but 

Consequences Continue (August 2023)

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP13258

https://ehp.niehs.nih.gov/doi/10.1289/EHP11980
https://ehp.niehs.nih.gov/doi/full/10.1289/EHP12840
https://ehp.niehs.nih.gov/doi/full/10.1289/EHP13258
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Cumulative REC

Tripling of risk for exposures of about 950 to less 

than 1700 micrograms per meter cubed per 

year∼950 to<1,700 μg/m3-y (equivalent to an 

exposure of 0.05mg/m3 to < 0.08 mg/m3. for a 

period of 20 years).

[odds ratio equals 3.23 OR=3.23; 95% 

confidence interval (CI): 1.47, 7.10]

Also observed a significant trend in non-Hodgkin 

lymphoma (NHL) risk with increasing 20-y lagged 

cumulative REC.

Excesses in deaths for diseases of the respiratory and 

cardiovascular system, including ischemic heart disease 

and cerebrovascular disease, warrant further study and 

provide evidence of the potential widespread public 

health impact of diesel exposure.
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The original DEMS publications were instrumental in 
moving the World Health Organization’s International 
Agency for Research on Cancer (IARC) to revise its 1988 
categorization of diesel exhaust exposure from group 
2A, probably carcinogenic to humans, to group 1, a 
human carcinogen.

DEMS II, extend follow-up of the original cohort by 18 y, 
adding 2,700 additional deaths to the cohort and 178 
new lung cancer deaths to the case–control analysis.

Industries whose operations would be 
adversely affected by stronger regulation 
protecting diesel-exposed workers also 
mounted a well-funded initiative to 
magnify and manufacture uncertainties in 
the original DEMS findings and the IARC 
reclassification.

Although these commissioned efforts 
were appropriately considered, the DEMS 
publications were further put under the 
microscope by a special scientific 
committee of the Health Effects Institute 
(HEI), an independent organization funded 
by the U.S. Environmental Protection 
Agency and the motor vehicle industry. In 
2015, the HEI review found no significant 
flaws in the DEMS work.

(Dr. David Michaels 2023)
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(Dr. David Michaels)

“Industries whose operations would be adversely affected by stronger regulation protecting diesel-

exposed workers also mounted a well-funded initiative to magnify and manufacture uncertainties 

in the original DEMS findings and the IARC reclassification”. (Michaels D, 2023).

David Michaels PhD, MPH, is an epidemiologist and professor at the George 

Washington University School of Public Health. He has held high-level, Senate-

confirmed public health positions in the administrations of President Barack 

Obama (in which he was Assistant Secretary of Labor for Occupational Safety 

and Health) and President Bill Clinton (Assistant Secretary of Energy for 

Environment, Safety and Health). ​
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The evidence strongly suggests that diesel engine emissions, and many of its components, can 

induce lung cancer in humans through genotoxic mechanisms that include DNA damage (DFG, 

2014; HCOTN, 2019; IARC, 2014; SCOEL, 2016). Consequently, diesel engines emissions are 

characterised as a non-threshold genotoxic carcinogen. At present, no appropriate inhalation unit 

risk exists with which to derive a suitable TWA to protect for carcinogenic effects.

(Safe Work Australia 2019)

Johan Högberg & Jill Järnberg (2023) “Approaches for the setting of occupational exposure limits (OELs) 

for carcinogens”.

For non-threshold based 

genotoxic carcinogens, a no 

effect level would be a dose or 

exposure of zero.

https://www.tandfonline.com/doi/pdf/10.1080/10408444.2023.2218887
https://www.tandfonline.com/doi/pdf/10.1080/10408444.2023.2218887
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Based on the most up to date literature, even though: the new exposure limit will 

be a time-weighted average exposure to elemental carbon of not more than 0.12 

milligrams per cubic metre of air (measured as elemental carbon), instead of 0.4 

milligrams per cubic metre of air based on total carbon, “Effective September 1, 

2023”  (WSN, 2023);  following international leading practices - emissions should 

also be controlled as “low as reasonably practicable”. 

Just meeting the new OEL, may not be suitably protective. Many workers may still 

be at risk of adverse health effects including lung and bladder cancer (Health 

Canada 2016).
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In addition, the “quality” of air in a worker breathing zone rather than the 

“quantity” of air is more important. This means controlling the emission at source 

should be the primary way to reduce exposures including exposure to nitrogen 

dioxide. The new mining regulation, for the first time, will include a limit for 

nitrogen dioxide which should a) further reduce harmful emissions, b) be another 

catalyst for an emissions-based maintenance (EBM) program, c) “weed out” those 

engines that are the main polluters, and d) improve overall productivity of 

underground diesel fleets (Deon et al. 2023, Hines 2019).

Deon SW, Hines J, Gopaldasani V, Davies B (2023), “Hitting two birds with one emissions-based maintenance 

stone – a literature review on improving overall productivity of underground diesel fleets”.

Hines J (2019), The Role of Emissions Based Maintenance to Reduce Diesel Exhaust Emissions, Worker 

Exposure and Fuel Consumption. University of Wollongong Thesis Collection 2017+. 

https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-ac3f7c81-c57d-4a81-abad-0819d865a3ec
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-ac3f7c81-c57d-4a81-abad-0819d865a3ec
https://ro.uow.edu.au/cgi/viewcontent.cgi?article=1857&context=theses1
https://ro.uow.edu.au/cgi/viewcontent.cgi?article=1857&context=theses1
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Effective September 1, 2023, the new 
exposure limit will be a time-weighted 
average exposure to elemental carbon of 
not more than 0.12 milligrams per cubic 
metre of air, instead of 0.4 milligrams per 
cubic metre of air based on total carbon.

Ontario has 37 underground mines. 
About 12,000 miners work below ground 
and Ontario mines employ approximately 
29,000 workers in total.

https://www.workplacesafetynorth.ca/ne
ws/news-post/new-diesel-exposure-
limit-underground-mines-ontario

https://www.workplacesafetynorth.ca/news/news-post/new-diesel-exposure-limit-underground-mines-ontario
https://www.workplacesafetynorth.ca/news/news-post/new-diesel-exposure-limit-underground-mines-ontario
https://www.workplacesafetynorth.ca/news/news-post/new-diesel-exposure-limit-underground-mines-ontario
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http://www.ohlearning.com/training/training-materials/w501-measurement-of-

hazardous-substances.aspx

Personal exposure monitoring

• Exposures (typically) are log-normally 
distributed.

• Enough samples have to be collected to 
enable statistical analysis and ensure 
exposures are representative.

• There may be situations where “worst case” 
monitoring is required. 

https://wiki.analytica.com/index.php?title=Log-normal_distribution

http://www.ohlearning.com/training/training-materials/w501-measurement-of-hazardous-substances.aspx
http://www.ohlearning.com/training/training-materials/w501-measurement-of-hazardous-substances.aspx
https://wiki.analytica.com/index.php?title=Log-normal_distribution
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http://www.hse.gov.uk/pubns/guidance/coshh-technical-

basis.pdf

May cause occupational 

asthma

May cause cancer

Suspected of damaging fertility 
or the unborn child

Least harmful

More harmful 

http://www.hse.gov.uk/pubns/guidance/coshh-technical-basis.pdf
http://www.hse.gov.uk/pubns/guidance/coshh-technical-basis.pdf
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Reduce diesel emissions “as low 
as reasonably practicable” 
(ALARP), as part of an overall 
Airborne Hazard Management 
Program.
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Need to understand the risk from 
“all exposures” including, but not 
limited to, respirable crystalline 
silica (RCS)
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Exceedances for respirable crystalline silica (RCS)
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% > 0.1 mg/m3 % > 0.05 mg/m3 % > 0.025 mg/m3

% above ACGIH (BC) 
limit  (0.025 mg/m3)

% above US OSHA limit 
(0.05 mg/m3) 

% above Ontario limit 
0.1 mg/m3. 

Adapted from OHCOW Mining Exposure Data 
Analysis. Prepared for: Occupational Health Clinics 
for Ontario Workers (OHCOW)
Prepared by: Melanie Gorman Ng, PhD., CIH
June 2, 2022
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Known health effects of respirable 
crystalline silica (RCS) among others.

• Lung cancer.
• Silicosis.
• Chronic obstructive pulmonary 

disease (COPD).
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https://researchdirect.westernsydney.edu.au/islandora/object/
uws:36593 Hedges K (2016).

Spirometer

Personal 
monitoring

https://researchdirect.westernsydney.edu.au/islandora/object/uws:36593
https://researchdirect.westernsydney.edu.au/islandora/object/uws:36593
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In addition, as respirable crystalline silica (RCS) and 
diesel particulate matter (DPM) are both confirmed lung 
carcinogens a mixture formula should apply.

Exposure to DPM Exposure to RCS 
     (OEL)     (OEL)  Must be < 1 

If > 1 “the occupational exposure limit of the mixture 
should be considered as exceeded” (ACGIH Threshold Limit Values)   
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Conclusions 

• Recap provided, along with a brief discussion on diesel exhaust lung 
cancer relative risk calculator.

• In the case of diesel exhaust and the DEMS study there has been an 
abysmal history in the manufacture and magnifying of uncertainty.

• Occupational exposure limits are not fine dividing lines between safe and 
unsafe exposures. Especially as diesel exhaust is a “Non-threshold” 
Genotoxic Carcinogen.

• Reduce diesel emissions “as low as reasonably practicable” (ALARP), as 
part of an overall Airborne Hazard Management Program (AHMP) that 
should incorporate all airborne hazards including, but not limited to, 
respirable crystalline silica (RCS).

• There will be situations where the mixture formula should apply. Case in 
point diesel particulate matter (DPM) and respirable crystalline silica 
(RCS).
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