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This webinar conveys the importance of

assessed a

A kplace. It was presented in

partnership with the Qccupational

Cancer Research Centre (OCRC) and
Ontario Occupational Disease Action
Plan (ODAP) Working Group on
Exhaust.
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* Higher surface area for adsorption and condensation
Higher deposition rates in lung alveoli

* Greater ability to translocate through organs (i.e., liver, brain)
* Neurod ion, pulmonary infl and DNA damages'

Exposure to nitrogen dioxide (NO,) is important!
Keynote Krystal Pollitt, PhD MDEC 2015 NO2 Underground: What Exposure Level is Safe?
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Short-term exposure to ambient NO,
Effects on hospital admissions

Short-term exposure to ambient NO,
Effects on hospital admissions related to respiratory disorders
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1.4% increase in hospital admissions for respiratory conditions.
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The max NO, concentration considered was 0.08 ppm.
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is associated with increased mortality and
hospital admissions due to cardiovascular
disorders.
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A 5 ppb increase in NO, over a 24 hour averaging period is associated with:
1.2% increase in cardiovascular mortality
1.4% increase in hospital ions for cardiac di

of ambient NO, ions from 181 cities

We cannot comment if NO, caused these deaths! It may have
been NO, or some other related pollutant or parameter.
Studies suggest a related pollutant is driven this effect.

SP41




MDEC 2022

What about
carbon
dioxide?

RESIDENTIAL INDOOR
AIR QUALITY GUIDELINES
CARBON DIOXIDE

Health Canada 2021

Occupational Health Clinics for Ontario Workers Inc.

Prevention Through Intervention

Measured levels

2121-2436 ppm: 95" percentile CO,
levels in Canadian on-reserve First
Natiens hemes located in Ontario
and Manitoba and in Inuit

communities in Nunavut |
477-1483 ppm: 95 percentile CO,
levels in Canadian homes in 6 cities

1058-1139 ppm: Median CO, levels
in Canadian on-reserve First Nations
homes located in Ontario and _[
Manitoba and in Inuit communities in
Nunavut

418-729 ppm: Median CO, levels in
Canadian homes in 6 cities

Effects*

7000-45 000 ppm: Reduced CO diffusing capacity,
fall in cardiac output, increased ventilation,
temporarily increased heart and respiratory rates

6000~45 000 ppm: Fatigue, visual impairment,
temporarily increased cerebral blood flow velocity

For every 100 ppm increase: Associations with
wheeze, dry throat, difficulty concentrating,
lower test scores, headache, tiredness, dizziness

}-{ 1500 ppm: Headache, dizziness, tiredness

]_ test scores / task performance in school or office

1000 ppm: Decreased concentration and lower

settings

I 1000 ppm: recommended exposure limit |

] ~800 -1000 ppm: Increased reported eye

irritatian, sore/dry throat, stuffy/ congested/
runny nose, sneezing, coughing in school or office
settings

Tiredness /
decreased
concentration

Increase in
carbon
dioxide!

Occupational Health Clinics for Ontario Workers Inc.

Prevention Through Intervention

Tweet

s’ Clean Air Stars
> @CleanAirStars

carbon dioxide levels, and could have been avoided by
simply turning off air recirculation.

Makes you wonder how many road traffic accidents,
particularly during long country drives late at night,
could have been contributed to by elevated in-cabin

https://twitter.com/CleanAi

rStars/status/15725517693

43008770

Tiredness!

SP41
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Exposure to diesel particulate matter (DPM) 2004 vs. 2007

IARC MONOGRAPH - 105

Fig. 1.6 Trends in selected ic aromatic species with
o 40%
2 = = Fluoranthene
T = 35%
5% «eeees Pyrene
g £ 30% Table 1.4 Unregulated emissions for all 12 repeats of the 16-hour cycles for four 2007 ACES
S E — = -Benzo(a)pyrene engines and for 2004 technology engines used in CRC E55/E59
TS =+ Benzo(e)pyrene —— ——
3£ 20% i Compound 2004 engines 2007 engines 2007 enginest Average percentage
E === 1-nitropyrene (average + SD, (average + SD, mg/h)  (average + SD, mg/ reduction relative
g s 15% mg/h) bhp-h) 10 2004 technology
£8 engines
5 10% Single-ring aromatics 4050+ 1485 7163297 076+0.35 2
t g PAHs 325.0 £ 106.1 69.7 +23.55 0741025 7
gm 5% Alkanes 1030.0 £ 240.4 1545+ 78.19 1644083 85
o« 0% Hopanes/steranes 82169 0.1£0.12 0.0011 £ 0.0013 9
i -~ Alcohols and organicacids  555.0 + 134.4 1074254 1.14£0.27 81
2000 2004 2007CDPE 2007.CDPED, Nitro-PAHs 03+00 0100 0.0065 + 0.0028 81
Model year Carbonyls 12500.0 + 3535.5 25534952 2.68 £ 1.00 98
Inorganic ions 320041556 9234377 0984040 7
Metals and elements 4000 141.4 67+30 0,071 +0032 9%
Organic carbon 1180.0 £ 70.7 52.8+47.1 0.56 + 0.50 9%
Elemental carbon 34450 + 1110.0 26447 0244005 %
Dioxins/furans NA 62x104+52x10%  66x107+55x 107 99+
+ Data shown in brake-specific emissions for parable data on brake-specific emissions were available

> Relative to 1998 technology engines
bhp, brake horse power; h, hour; NA, not applicable; PA Hs, polycyclic aromatic hydrocarbons; SD, standard deviation

https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono105.pdf

IARC monograph 105

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

Mass Particle HEI (2015 p.155)
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Commentary Figure. Comparison of PM in traditional-technology diesel exhaust (pre-2007) and new-technology diesel exhaust (2007-compliant) by

mass, particle number, and composition. The particle number graph shows the results as measured using the Federal Test Procedure from (A) a 2004

engine with no diesel particulate filter (DPF); (B) a 2007-compliant engine with a DPF and with active regeneration; (C) a 2007-compliant engine with a DPF
and without active regeneration. (EC = elemental carbon; OC = organic carbon; SO4 = sulfate.) (Data from Clark et al. 2007; Khalek and Merritt 2009; personal
communication, Imad Khalek, 22 March 2012.)

Occupational Health Clinics for Ontario Workers Inc. https://www.healtheffects.org/publication/advanced-collaborative-emissions-
RISenticnbonshlnteenton study-aces-lifetime-cancer-and-non-cancer-assessment
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Occupational Health Clinics for Ontario Workers Inc.
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Dseases
Impaired cognition _
Altered behaviour
Depression
Ster cell alterations —
Liver toxicity ~ —

Renal Disease

Metaboiic syndrome &
Diabetes

Docroased Fertility

Autoimmune
Rheumatic diseases

Pariphoral artery
disease

University of Edinburgh,

Jennifer B. Raftis, Mark R. Miller
(2019) University/BHF Centre
for Cardiovascular Science,

Edinburgh, United Kingdom

Nano Today, Vol. 26, pp.8 - 12

Nanoparticle
translocation an

multi-organ toxicity: A
particularly small problem

Pre-ectampsia
Premature birth
Low birth weights

Epigenetic changes

Detrimental heaith eflects
in offspring

Particulate air pollution has been linked to a wide range of conditions affecting many different organs of the body.

DIESEL AND GASOLINE ENGINE
D SOMENITROARENES
VOLUME 105

lion represents the views and expert
opinions of an IARC Working Group on the
Evaluation of Garcinogenic Risks to Humans,
which met in Lyon, 5-12 June 2012

LYON, FRANCE - 2014

" > IARC MONOGRAPHS
L2 3N 3 ON THE EVALUATION
Al © OF CARCINOGENIC RISKS

§ TO HUMANS

Internationl Ageney for Reserch on Cancr

Word Hestty
rganizaton

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

6. EVALUATION

6.1 Cancer in humans

There is sufficient evidence in humans for the
carcinogenicity of diesel engine exhaust. Diesel
engine exhaust causes cancer of the lung. A
positive association has been observed between
exposure to diesel engine exhaust and cancer of
the urinary bladder.

There is inadequate evidence in humans for
the carcinogenicity of gasoline engine exhaust.

6.2 Cancer in experimental animals

There is sufficient evidence in experimental
animals for the carcinogenicity of whole diesel
engine exhaust.

‘There is inadequate evidence in experimental
animals for the carcinogenicity of gas-phase
diesel engine exhaust.

There is sufficient evidence in experimental
animals for the carcinogenicity of diesel engine
exhaust particulate matter.

There is sufficient evidence in experimental
animals for the carcinogenicity of extracts of
diesel engine exhaust particles.

‘There is inadequate evidence in experimental
animals for the carcinogenicity of whole gasoline
engine exhaust.

There is sufficient evidence in experimental
animals for the carcinogenicity of condensates
of gasoline engine exhaust.

6.3 Overall evaluation

Diesel engine exhaust is carcinogenic to
humans (Group 1).

Gasoline engine exhaust is possibly carcino-
genic to humans (Group 2B).

Diesel exhaust
causes cancer of
the lung. A positive
association has
been observed
between exposure
to diesel exhaust
and bladder cancer.

10
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Health Canada (2016) —
Human Health Risk Assessment for Diesel Exhaust

Lung cancer Sufficient
Acute adverse respiratory health outcomes Sufficient
Chronic adverse respiratory health outcomes Sufficient
Acute adverse cardiovascular health outcomes Sufficient
Immunological effects Sufficient
Bladder cancer Suggestive
Chronic adverse cardiovascular health outcomes Suggestive
Reproductive and developmental effects Suggestive
Central nervous system effects Suggestive

based on acute neurophysiological symptoms in overexposed workers

11

11

ne finds evidence of health effects at lower levels of air

2021 Air Pollution, Nitrogen Oxides, Multipollutant Mixtures, Ozone & Oxidants, Particulate Matter, Exposure Methods

A major new HEI report presents a study examining associations between exposures to relatively low levels of air pollution and several
health outcomes among participants in 22 European cohorts. E SEIRAECH BT

In the report, the investigators describe the development of new exposure models for all of Europe for four pollutants: fine particulate i e

matter (PMy5), black carbon (BC), nitrogen dioxide (NO,), and ozone (O3), as well as PMy 5 particle composition.

Bert Brunekreef at the Institute for Risk Assessment Sciences, Utrecht University, the Netherlands, and colleagues reported that

exposure-te BC. and NO; showed significant associations of air pollution exposure with natural-cause, cardiovascular, respiratory,
andlung cancer mor:al\ty Yhey also reported that they did not find positive associations between O3 and all causes of death examined.

https://www.healtheffects.org/announcements/hei-study-europe-finds-evidence-health-effects-lower-levels-air-pollution

Mortality and Morbidity Effects of Long-Term Exposure to Low-Level PM2.5, BC, NO2, and O3: An Analysis of
European Cohorts in the ELAPSE Project (Health Effects Institute, 2021)

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

12
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high levels of DEE compared to workers
exposed to low and moderate levels, from
a health standpoint, these exposures are
significant because cancer risk increases
with level of exposure. This increased risk
is reflected in the burden estimates.

Low W MODERATE
Transportation and
‘Warehousing
Construction [ |

Occupational Health Clinics for Ontario Workers Inc.

Prevention Through Intervention

Source: Occupational Cancer Research Centre (OCRC Sept. 2019, p. 40) — Burden of Occupational Cancer in Canada

Mining

Agriculture, Forestry,
Fishing, and Hunting

Government Services

Manufacturing

Wholesale Trade

Other Industries .

[ 100,000

NUMBER OF WORKERS EXPOSED

Figure 8. Number of workers
occupationally exposed to
DEE by level of exposure and
industry in Canada in 2006.

200,000 300,000 400,000

13

TABLE 1: Annual burden of occupational cancer in Canada, by carcinogen

CARCINOGEN

IARC EVALUATION FOR
CARCINOGENICITY

NUMBER OF CANADIAN
WORKERS EXPOSED

NUMBER OF CANCERS ATTRIBUTABLE TO
OCCUPATIONAL EXPOSURE

(PROPORTION OF ALL CANCER CASES DUE
TO OCCUPATIONAL EXPOSURE)

Diesel engine
exhaust

(annual
burden)

897,000 exposed

560 lung cancers (2.4%)

200 bladder cancers (2.7%)

Solar ultraviolet radiation Definite 1,476,000 4,600 non-melanoma skin (6.3%)
1,900 lung (8.0%)
. 430 mesothelioma (80.5%)
Asbestos Definite 152,000 45 larynx (3.7%)
15 ovarian (0.5%)
. . - 560 lung (2.4%)
Diesel engine exhaust Definite 897,000 200 bladder (2.7%)
Silica (crystalline) Definite 382,000 570 lung (2.4%)
Welding fumes? Definite 333,000 310 lung (1.3%)
Nickel compounds Definite 117,000 170 lung (0.7%)
Chromium (VI) Definite 104,000 50 lung (0.2%)
Radon Definite 188,000 190 lung (0.8%)
130 lung (0.6%)
Second-hand smoke Definite 520,000 35 pharynx (2.4%)
20 larynx (1.6%)
Night shift work Probable 1.9 million 470-1,200 breast (2.0-5.2%)
o
Polycyclic aromatic Definite, probable, 130;1129(1(0.6/:)
hydrocarbons (PAHs) possible, unclassifiable 350,006 Boipladderi(la%)
) 50 skin (0.07%)
Arsenic Definite 25,000 60 lung (0.3%)
I o
Benzene Definite 374,000 20leukemia (0.5%)

Occupational Health Clinics for Ontario Workers Inc.

Prevention Through Intervention

Source: Occupational Cancer Research Centre (OCRC Sept. 2019, p. 11) — Burden of Occupational Cancer in Canada

5 multiple myeloma (0.2%)

14
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Criteria overview: GHS H-codes and categories for Tier 1

Classification Labelling Jnard NIOSH Tier 1
Pictogram . codes Criteria C D E
Hazard class ::;’;’:‘y P TRvm Stgnal | Hazard statement
1 Exposure ranges
May cause cancer (state route o -
i Soeromived | ioger Z'f;’iﬂ'ﬁ,i’;,’,‘.‘,ﬁf’,ﬂ‘z};iﬁ;’& 50 Dust/particle  >0.1 to <1 mg/m’ >0.01 to <0.1 mg/m
e cse the hazard) Gas/vapor >1to <10 ppm >0.1 to <1 ppm <0.
Suspected of causing cancer (state
* @ Not required | Warning ;‘;",ﬁ,‘jf,,f:ﬁ‘u",,’f,,'{,""‘,’,,f;" ;‘-‘u"'b' H3s1 Carcinogenicity — — H350, Category 1, 1A,
exposure cause the hazard) or 1B
— — H351, Category 2
GHS ‘ReV.S) (2019)- Reproductive H361, Category 2 H360, Category 1B H360, Category 1
- toxicity or 1A
Globally Harmonized System of
o c o . Specific target H371, Category 2 = H370, Category 1
Classification and Labelling of Chemicals gty L e
( GH S)_ repeated exposure
H373, Category 2 —_ H372, Category 1
Genotoxicity —_ H341, Category 2 H340, Category 1, 1A
or 1B
Respiratory and H317, Category 1B (skin) H317, Category 1 —
skin sensitization or 1A
H335, Category 3 H334, Category 1B H334, Category 1
or 1A

TECHNICAL REPORT The NIOSH (2019) Occupational Exposure Banding Process for Chemical Risk Management

>1 to 10 mg/m*
>1010 100 ppm

>10 mg/m*
>100 ppm

: .. . Particulate/Dust
Occupational Health Clinics for Ontario Workers Inc. [;:g[c:pm .

Prevention Through Intervention

>0.1t0 1 mg/m*®
>11t0 10 ppm

15
Executive summae
Health Council of the Netherlands ‘
) - ) https://www.healthcouncil.nl/documents/advisory-reports/2019/03/13/diesel-
Occupational Health Clinics for Ontario Workers Inc. -
Prevention Through Intervention englne-exhaust
16
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How low is low enough?

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
ug REC/m?3,

* 4 extra death cases of lung cancer per 1,000 (prohibition risk

level), for 40 years of occupational exposure, equals to 1.03 pg
REC/m3.

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

17

Exposure limits

18
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Annals of Work Exposures and Health, 2021, Vol. 65, No. 4 369 n
Table 1. Adopted and recommended OELs for DEE particulate in other jurisdictions. ‘ '
Jurisdiction OEL Marker of Notes
exposure
Adopted (and legally enforceable) OELs
US Mine Safery and Health 8-h TWA (Time-Weighted  TC; respirable dust Since 2006. Applies to underground Barn et al. 2021, “Canada Should
Administration (MSHA) Average): 160 pg m- metal and non-metal mines. .
EU 8-h TWA: 50 pg m EC Adapted December 2018, Becomes Move Toward Adopting
effective in 2026 in underground mining Harmonized Evidence-Based
and construction tunnels and in 2023 in .
other industries OELs to Consistently
Switzerland 8-h TWA; 100 ' EC Since 2012, »
witeetian " pe . and Adequately Protect Workers
Germany 8-h TWA: 50 pg m™ EC Set in 2017, Does not apply to under-
ground mines until 2022,
Austria 8-h TWA: 300 g m™ EC/respirable acrosal  Underground mines [since 2011),
Py ey Annals of Work Exposures and
8-h TWA: 100 pg m= All ocher industries (since 2011).
Australia 8-h TWA: 100 pg m™’ EC Adopied by Queensland, Western Health, 2021, Vol. 65, No. 4, 367—
Australia, New South Wales. 372
New Zealand 8-h TWA: 100 pg m™ EC Enacted 2016
Recommended OFLs (Note 1) .
California Department of 8-h TWA: 20 g m- Diesel particulates https://academic.oup.com/ann
Public Health (California, USA) weh/article/65/4/367/6041193
Finnish Institute of 8-h TWA: § pgm* EC Applies to general workplaces.
Occupational Health (Finland)  $-h TWA: 20 g m- Applies to mines, underground
construction.
Health Council of the 8-h TWA: 0.011 pg m™ Respirable EC Target risk level (Note 2.
Netherlands (Netherlands) 8-h TWA: 1.03 pg m™' Prohibition risk level (Note 3).
Australian Institute of 8-h TWA: 100 pg m™ EC
Occupational Hygienists
{Australia)
Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

Ministry of Labour, Training and Skills Development (now mLTisD)

Mining Health and Safety Regulatory Amendment Proposal (August 2021)

C. Occupational Exposure Limit for Elemental Carbon (Current Section 183.1)

Replace the current exposure limit set out in subsection 183.1(5), which is
based on not exceeding 0.4 milligrams per cubic metre of air for total
carbon, with a requirement that, where diesel-powered equipment is
operating, the time-weighted average exposure of a worker to elemental
carbon shall not be more than 0.12 milligrams / m3 of air.

This proposed limit is based on a 2018 consultation regarding adopting a
general occupational exposure limit for total carbon of 0.16 milligrams / m3
of air in Regulation 833 (Control of Exposure to Biological and Chemical
Agents).

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

SP41 10
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There is no simple conversion to convert total carbon (TC) to elemental
carbon (EC) as the ratio of TC to EC due to the high variability (Noll et al.
2015, p.208) as the range of ratios TC to EC was reported as 1.10 to 1.50.
This is particularly important where diesel particulate filters (DPFs) are
fitted on equipment where at a concentration of < 0.05 mg/m3 the TC/EC
ratio can range from 1 to close to 2.5 (Noll et al. 2015).

Using a conversion factor of 1.27 is therefore not good science.

Using the ratio range of 1.1 to 1.5 of TC/EC means that an exposure of 0.4
mg of TC equates to EC exposures ranging from 0.27 to 0.36.

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

21

A\ 14

(NMAM), 5th Edition “If EC concentrations are high and samples are relatively free of OC

In addition, according to by Birch M 2016, NIOSH Manual of Analytical Methods

contaminates, the TC concentration is a reasonable measure of the diesel particulate
mass, and the EC:TC ratio is representative of the EC fraction of the mass. However, this
situation is uncommon outside of mines. In general industry, EC and OC levels are
normally much lower. And when EC levels are low, the EC:TC ratios are not reliable
estimates of the EC fraction of DPM because OC interferences can skew the ratios low
and increase variability in the apparent ratio. In such cases, TC is an inaccurate measure

Of the d|ese| pa I’tICU|ate Concentration”. https://www.cdc.gov/niosh/docs/2014-151/pdfs/chapters/chapter-dl.pdf

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

22
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Noll et al.

% Dbias jabsolute value]

Figure 2.

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

Page 11

600 80D 1000 1200 1400
8 hr TWA TC [pg/m")

The absolute value of the %o bias of the calculated TC from the TC/EC ratio when compared

to the measure TC value from 14 metal/nonmetal mines.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487601/pdf/

nihms703011.pdf

23
Conversion factors (only apply to miners) based on Debia et al. 2017:
Ratio TC / EC 95% ClI
1.6 0.48-5.5
Ratio RCD / EC 95% ClI
1.8 0.44-7.1
TC - total carbon, EC — elemental carbon, RCD — respirable combustible dust.
This means that the MSHA OEL of 0.16mg/m?3 TC
equates to 0.1 mg/m?3 EC
Debia et al. 2017, Diesel engine exhaust exposures in two underground mines, International Journal of Mining Science and Technology
Volume 27, Issue 4, July 2017, Pages 641-645
Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention
24
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Diesel exhaust exposure lung cancer risk calculator
Exposure to diesel exhaust is a known lung carcinogen with an
unacceptable level of risk even below a lifetime exposure below the
current occupational exposure (Regulation 854 — Mines and Mining Plants
under OHSA. Section 183.1(5) time-weighted average limit for DPM in
underground mines at 0.4 mg/m?3 (total carbon).

Consultation through the MLTSD 3 years ago (March 2018), was made to
lower this limit and apply a revised limit to all workplaces and not just
mining — this limit has still to be reduced. A limit for elemental carbon (EC)

will apply.

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

25

The International Agency for Research on Cancer (IARC) has concluded that Diesel Engine
Exhaust (DEE) is a cause of lung cancer (Group 1: carcinogenic to humans). CAREX
Canada estimates that approximately 897,000 Canadians are currently exposed to diesel
engine exhaust at work. Approximately 2.4% (OCRC) to 6% (Vermeulen et al 2014) of
annual lung cancer deaths may be due to DEE exposure. Combined data from three U.S.
occupational cohort studies including more than 40,000 workers in the trucking and
mining industries (Vermeulen et al 2014) have provided a powerful estimate of the risk of
lung cancer based on the level and duration of exposure to DEE. The truckers’ study
Garshick et al. (2012) and miners’ studies Silverman et al. (2012), (Attfield et al. 2012),
(Stewart et al. 2010) combined, allows for a determination of the risk of lung cancer
based on the level of exposure to diesel particulate matter (DPM). DPM measured as
elemental carbon (EC) is the best surrogate of exposure.

26

SP41
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Meta analysis

Through meta-analysis, researchers can combine
studies, essentially making them into one big study,
which may help show an effect. Additionally, a meta-
analysis can help increase the accuracy of the results.
This is also because it is, in effect, increasing the size of
the study.

This is why the trucker's study has been combined with
the miner's study!

27
Parameter Estimate Standard Error P value
Intercept 0.08813 0.1176 0.48
L Slope (B) 0.000982 0.000219 0.002
(InBR per pg/m3-yr)
4 4
[a =
o
_—1
; I
0 T T T T T
(o] 200 400 600 800 1000
EC (pg/m3-yr)
@ Silverman et al. (2012)
a Steenland et al. (1998)
m Garshick et al. (2012a)
—— Prediction log-linear model (95% CI)
SOURCE: Vermeulen R, Silverman DT, Garshick E, Vlaanderen J, Portengen L, Steenland K. 2014b. Exposure—response estimates
Occupational Health Clinics for Ontario Workers Inc. for diesel engine exhaust and lung cancer mortality based on data from three occupational cohorts. Environ Health Perspect
Prevention Through Intervention 122:172-177. doi: 10.1289/ehp.1306880.
28
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DPM measured as elemental carbon (EC) is the best surrogate of exposure.

A tool (risk calculator) developed by the Occupational Health Clinics for Ontario Workers Inc.
(OHCOW), can be used as a guide to communicate the risk from DEE exposure. This should
provide a heightened awareness about the risk of lung cancer from exposure, as well as
further provide the impetus for both lowering the occupational exposure limit (OEL) and
provide a catalyst for improved controls around exposure reduction.

The tool requires an estimate of exposure, as EC (NIOSH 5040) (CDC) and duration of
exposure.

Where the only measures available are total carbon (NIOSH 5040) or Respirable Combustible
Dust (RCD) conversion factors are discussed in line with Debia et al. 2017. An example is
provided with recent (anonymous) EC exposure data, from a survey of mines across Ontario,
representative of the years 2013 to 2018.

29

Also noted:
“Estimated numbers of excess lung cancer deaths through 80 years of age for lifetime
occupational exposures of 1, 10, and 25 ug/m? EC were 17, 200, and 689 per 10,000,
respectively. For lifetime environmental exposure to 0.8 ug/m? EC, we estimated 21 excess
lung cancer deaths per 10,000. Based on broad assumptions regarding past occupational
and environmental exposures, we estimated that approximately 6% of annual lung cancer
deaths may be due to DEE exposure” (Vermeulen et al. 2014).

Refer to previous (2020 and 2021) OHCOW webinars:
Exposure to diesel exhaust what is the health risk (OHCOW 2020).

Diesel Exhaust Exposure and Health Risk in Transportation and the Community (OHCOW
2021).

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention
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For an exposure of say 0.1 mg/m?3 of EC which is 3 to 4 times lower than the current
OEL and close to what is being proposed by the MLTSD then the relative risk (RR) of
lung cancer can be calculated using the following calculator:

Diesel Exhaust Lung Cancer Risk Calculator |

e —— This means that for 25 years of
ST re’:g:;;"“'eme“;a' ca;";; wo | exposure with an average
exposure (in pg/m pg/m
15-year lagged cummulative respirable e elemental exposure of 0.1 mg/m3
elemental carbon exposure (in pgfma—yrsl |.|g/m3 - years 3 . g
model estimated relative risk (RR) = | 2.92 (100 l“lg/m ) the relatlve rISk
95% confidence interval:| 1.51 5.64 | someone exposed to that |eve| is
(model based an 0-1000 pg/m’-yrs range) 2_9 (1_5 —_ 5_6)_ If the OEI_ is Set at
model taken from: Vermeulen R, Silverman DT, Garshick E, Viaanderen J, . . .
Portengen L, Steenland K. 2014. "Exposure-response estimates for diesel engine th|s IeVeI then |t Wl” be eXpeCted
exhaust and lung cancer mortality based on data from three occupational
cohorts". Environ Health Perspect 122:172-177; that there will be ongoing
http://dx.doi.org/10.1289/ehp. 1306880 X X .
hittp://finc sg/content/suppi/2012/01/28/djs034,0C1/Supp_me compensation claims well into
tho 12.pdf

the future.

John Cudyk, Occupational Hygiensst GHCOW

Occupational Health Clinics for Ontario Workers Inc.
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Utilizing the same diesel exhaust lung risk calculator at the front of the locomotive
(Jeong et al. 2015) (balance crew exposures) resulted in the following:

Diesel Exhaust Lung Cancer Risk Calculator

years of exposure 25 years
average respirable elemental carbon N
(REC) exposure (in pg/m?) pg/m?
15-year lagged cummulative respirable e
elemental carbon exposure (in ug/mg—yrs] |.Lg/m3 - years
model estimated relative risk (RR) = | 1.36
| 95% confidence interval:| 0.98 1.88 |

(model based on 0-1000 |.Lg/n13—yrs range)

Relative risk (RR) of lung cancer 25 years of exposure @ 22 pg/m3 = 1.36 (0.98 — 1.88)

Jeong C-H, Traub A, Evans E 2015, Exposure to ultrafine particles and black carbon in diesel-powered commuter trains. Atmospheric Environment, Vol. 155, April 2017.
pp. 46 —52.

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention
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~ claims in Ontario (2009-2018) (076, ¢
Asbestos 1,291 7,850
Defoliants and herbicides 38 S
Crystalline silica 23 2,000
Benzene 21 125
Solar & ultraviolet radiation 24 14,000
Coal Tar 14 Compensated claims for
Foundry emissions 13 aﬂ?ig:i‘:; cancer from exposure to
Coke oven emissions 11 diesel exhaust 2009 —
Nickel & sinter plant emissions 18 800 2018: Accepted 7
Welding fumes 9 1000 exgected 1700
Uranium [presumed to be radon] 8 600
Exhaust gases - diesel 7 1700 Cr——
* Expected based on the Burden of Occupational Cancer Project ... s e free worksisce

Challenges for workers compensation

33

Exposures international

and Canada

34
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GM
Description Agent Duration n AM (SD) (GSD) Location Year Ref
EXpOS u re d ata Underground
frO m th e Production ECs 1->4 13 163(141) 84(4.3) us 2001-
(NM/NT) 2002
literature Production ECq NI 6(x) 148(136) B85(35) UK  2004(p)
(M)
Production ECp >4 343 202 (32- 111(1.4- Us 2002(p) (Cohen, etal
Pronk et al. 2011 (M) 144) 48) 2002)
Production ECg =4 38 219 (65— Us 1997(p) (Stanevich, etal,
(NM) 193) 1997)
L
I nte rn at iona I Production (C)  ECg -4 4 241°  202(18) Estonia 2002 (p) (Boffetta etal,
2002)
Production (M)  ECp >4 15 637 (75— us 1999 (McDonald, et
508) al. 2002)
Production EC; <1-4 12 538 (512) us 2007 (p) (Burgess, etal
(NI) 2007)
Maintenance ECs =4 8 53 (46) us 1997(p) (Stanevich, etal,
(NM) 1997)
Maintenance ECp =4 269 144 (17-  66(1.7- Us 2002(p) (Cohen, etal,
(NM) 462) 48) 2002)

-

Open in a separate window

Occupational Health Clinics for Ontario Workers Inc. . 441y / /\yww.ncbi.nlm.nih.gov/pmc/articles/PMC3073453/#!po=28.8732
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Australia

Estimation of quantitative levels of diesel exhaust
exposure and the health impact in the contemporary
Australian mining industry

Results Personal EC measurements (n=8614) were available
for 146 different jobs at 124 mine sites. The mean
estimated EC exposure level in 2011 for underground
occupation groups ranged from 18 to 44 pg/ms3.

Peters, S. and de Klerk, N. and Reid, A. and Fritschi, L. and Musk, A. and Vermeulen, R. 2016. Estimation of quantitative
levels of diesel exhaust exposure and the health impact in the contemporary Australian mining industry. Occupational
and Environmental Medicine. 74 (4): pp. 282-289.

36
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Underground diesel loader operators had the highest
exposed specific job: 59 pg/ma3.

A lifetime career (45 years) as an underground miner,
experiencing exposure levels as estimated for 2011
(44 ug/ms3 EC), was associated with 38 extra lung
cancer deaths per 1000 males.

https://espace.curtin.edu.au/handle/20.500.11937/3693

Peters, S. and de Klerk, N. and Reid, A. and Fritschi, L. and Musk, A. and Vermeulen, R. 2016. Estimation of quantitative
levels of diesel exhaust exposure and the health impact in the contemporary Australian mining industry. Occupational
and Environmental Medicine. 74 (4): pp. 282-289.

37

The average and median EC exposures were bellow 176 pug/m? for all

United observed years.
St t +  The industry-average EC exposures gradually dropped from 118 pg/m?® to 59
a ES ug/m?.
* The error bars, that represent standard deviations of EC means, indicate wide
distribution of EC exposures across the sampled occupations.
(Bugarski 2018) "
150
:§ 300
§ 50
@ 00 gt |
% 150
o
A F I IESE I A
il WA R AR
4 2008 2009 201 011 2012 2015 2014 2015 2016 10|'..7
il 118 98 g 8 a2 2 93 69 &7 59
Mediar 8 &5 55 57 &0 56 55 45 a1 36
Year
Occupational Health Clinics for Ontario Wworkers inc.
Prevention Through Intervention https://mdec.ca/2018/S8P2 Aleksandar Bugarski.pdf
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Canada
Years Average / GM EC
mg/m3
1999 to 2003 0.20
Information shared
from Gary Bonnell
2004 to 2005 0.10 NRC (2005) MDEC
2014 to 2018 0.03 (maximum 0.65)  Why—older
—_— tier engines,
(Gorman Ng M 2022 The not fitted
Canadian Association of with DPF

Research in Work and Health
Occupational Health Clinics for Ontario Workers Inc. CARWH 2022 Conference) pe rh a pS?

Prevention Through Intervention
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Operations | Occupational Health & Safety | Employment Standards Ontario

Figures 13 — Emission/Exhaust Devices 2002 - 2014

FIGURE 13: Percent of Emission Control FIGURE 13a: Percent of Emission Control
Devices Used - 2002 Devices Used-2014
Nooé Electronic Engine _ ryme Dilutar

DOC Silencer %

1% diesel
particulate filters
(DPFs) (2014)

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention
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Max 1.85
0.32
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1970 to 1979

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

Elemental carbon (mg/m3)

OMED

Max 0.70
0.3

Max 0.76

0.18

1980 to 1989 1990 to 2014

Canada,
Ontario

Survey

Max 0.65

o
o
w

i

2014 to 2018

41
Max 0.25 Elemental carbon (mg/m3)
Ll 0.042 Max 0.39
Max 0.65
0.04 Max 0.58
s BB 0.031
0.03
0.025
0.02
(Gorman
0.015 Canadian
Research i
2 CARWH 20,
0.005
0
2014 2015 2016 2017 2018
Occupational Health Clinics for Ontario Workers Inc. Ca nad a, O nta riO
Prevention Through Intervention
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Diesel Exhaust Lung Cancer Risk Calculator "

average respirable elemental carbon

years of exposure years ‘ '

(REC) exposure (in pug/m°) pg/m?

15-year lagged cummulative respirable
elemental carbon exposure (in ug/m3-yrs)

300

ug/m3 - years

model estimated relative risk (RR) = | 1.47

95% confidence interval:[ 1.02 2.10 |

(model based on 0-1000 pg/m>-yrs range)

model taken from: Vermeulen R, Silverman DT, Garshick E, Vlaanderen J,
Portengen L, Steenland K. 2014. "Exposure-response estimates for diesel engine
exhaust and lung cancer mortality based on data from three occupational
cohorts". Environ Health Perspect 122:172-177;
http://dx.doi.org/10.1289/ehp.1306880

http://inci.oxfordjournals.org/content/suppl/2012/01/28/djs034.DC1/Supp_me

thods and tables 4-30-12.pdf

John Oudyk, Occupational Hygienist OHCOW

Occupational Health Clinics for Ontario Workers Inc.

Prevention Through Intervention

43

ca Workplace

Safety North

About Training

#® News New guideline for reducing diesel particulate matter in underground mines

Every Worker Newsletter

Hazard Alerts.

Media Coverage

~ Search News by Tags
Mining
All Workplaces
Forest products
Forestry
Mine Rescue

Paper Printing and
Converting

Occupational Disease
General
Pandemic

small business

Home Accessibility Links Contact Careers Servicesen francais AADisplay Options [Eeaiel

; New WSN Guideline
¢ Remember me. | Register  Forgot you passvorc? for reducing diesel

Cemiltng Resomess bl particulate matter

in underground
mines

New guideline for reducing diesel
particulate matter in underground mines

Monday, February 14, 2022
Two successful examples of control strategies for airborne hazards

[Po-1)
1| Reducing diesel particulate matter in underground mines: Two successful examples

Anew guideline document for controlling diesel emissions in underground mines
was introduced by the Ontario mining industry technical advisory committee

"Diesel engine exhaust, including the diesel particulate matter, has been classified
as carcinogenic to humans by the World Health Organization,” says Keith Birnie,
Industrial Hygienist and Ventilation Specialist at Workplace Safety North (WSN) and
committee chair and coordinator. “For many years, diesel engines have been the
workhorse in a large number of industries including mining, and diese! exhaust
exposure presents an inhalation health hazard to workers.”

In 2021, mining industry volunteers who make up the WSN Workplace Environment -
Technical Advisory Committee developed a praciical reference document, l\

*Reducing diesel particulate matter in underground mines Two successful

examples.” for Ontario mining operations. The guide has information about the hazards of diesel engine
exhaust along with examples on controling diesel emissions, with a focus on diesel particulate matter

Occupations with potential exposure to diesel emissions include miners, construction workers, heavy
equipment operators, bridge and tunnel workers, railroad workers, oil and gas workers, loading dock workers,
truck drivers, material handling operators, farmworkers, long-shoring workers, and auto, truck and bus
maintenance garage workers

Occupational Health Clinics for Ontario Workers Inc.

Prevention Through Intervention
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Underground emissions and miners' personal exposure to diesel and
renewable diesel exhaust in a Swedish iron ore mine

https://pubmed.ncbi.nlm.nih.gov/35294627/

Interventions to Reduce Future Cancer Incidence from Diesel Engine Exhaust:
What Might Work?

https://pubmed.ncbi.nlm.nih.gov/30352840/

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention

Conclusions

* Some Ontario mining workers are exposed at levels that may cause lung
cancer. From the survey, seventy two percent (70%) of elemental carbon
measurements (representing diesel engine exhaust exposure) exceeded the
OCRC recommended health-based exposure limit value of 0.02 mg/m?3 (or 20
ug/m3) representing exposures between 2014 and 2018.

*  When compared with the proposed statutory limit of 0.12 mg/m3 (EC), 10%
exceeded this proposed compliance-based limit. This exceedance will likely be
lower in 2022.

* Respiratory protection, along with a respiratory protection program, (CSA94.4)
will be required until exposures are reduced as an interim measure.

* The results also suggest an encouraging trend of annual reductions in
exposure levels for EC (10.7% per year) and progress toward reducing the risk
of occupational lung cancer for Ontario miners.

SP41 23



MDEC 2022

Percent above Occupational Exposure

Limits (OE I_S) (Gorman Ng M 2022 The Canadian Association of Research in Work
and Health CARWH 2022 conference)

Elemental Carbon

80 OCRC
70
50
40
30
20 MLITSD
10
ol 11 EH R =l &
Overall 2014 2015 2016 2017 2018
m>0.12 m>0.02
Occupational Health Clinics for Ontario Workers Inc. mg/m3
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