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Introduction – Who Am I?

• UBC Occupational and Environmental 
Hygiene Class of 2023

• BCWS Co-Op Student (Summer 2022)

• Canada Wildfire Occupational 
Hygienist (May 2023)

• Collaborates closely with the BCWS 
Research & Innovation Business Area



Introduction – Research & Innovation

Health, wellness, and 
safety of BCWS staff

Wildland fire science

Social / human 
behavioural research

Equipment and 
technology

• A 5–7-person team 
established in 2018 to 
strengthen and 
modernize the BC 
Wildfire Service’s 
approach to fighting fire.

• Health, wellness, and 
safety of BCWS staff has 
been a core theme since 
the program’s inception.



Agenda

The wildland fire environment

What are the exposures of 
concern & how are wildland 
firefighters exposed?

What does the research say 
regarding exposure levels?

What are we doing to control 
exposure?



The Fire Camp

• Remote

• Limited facilities

• Staff rest, eat, sleep, and 
work here

• Ambient wildfire smoke 
exposure



The Fireline

• Extremely Remote

• No Facilities

• Ambient wildfire smoke

• Point source wildfire smoke

• Ash, dust, and engine 
exhaust



Section 2: What are wildland 
firefighters exposed to? 

What characteristics of the fireline impact how, and when they are 
exposed?
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Wildfire Smoke 
Particulate Matter

• Mostly in the sub-micron range (<0.3 um) 
consisting of:

• Soot/Black Carbon 
• Tar Balls
• Char 
• Ash

• Wildfire smoke PM induces local and 
systemic inflammation, oxidative stress, and 
cytotoxicity and may be more toxic than 
other sources of ambient PM2.5 (1,2).

Char

Ash



Carbon Monoxide 

• An invisible & odourless gas in 
wildfire smoke and engine exhaust.

• Chronic, low-moderate exposure 
(5-10 ppm)

• Fatigue, Reduced exercise 
tolerance, headache, nausea

• Short term high exposure             
(300-500 ppm+)

• Confusion, Dizziness, Collapse, 
Death



Polycyclic Aromatic Hydrocarbons 
(PAHs)

• A class of compounds released during 
combustion, existing as particles and 
gases.

• A mixture of confirmed, suspected, and 
unknown carcinogens.

• Can be absorbed via inhalation, ingestion, 
or dermal absorption.

• Occupational exposure to PAHs is 
associated with increased risk of lung, 
skin, and bladder cancers. 



Crystalline Silica

• Wildland firefighters are 
exposed to crystalline 
silica during activities that 
disturb soil.

• Chronic exposure to silica 
can lead to silicosis and 
lung cancer.



Volatile Organic Compounds

• Formaldehyde
• Eyes, nose, and throat irritant
• Upper respiratory tract carcinogen

• Acrolein
• Eyes, nose, and throat irritant
• Pulmonary edema, emphysema 

• Benzene
• Headache and dizziness
• Leukemia 



Other Considerations for 
Assessing Exposure



Shift Length Adjustments
• Wildland firefighting shifts are 

often 12 – 16 hours.

• Not all of these hours are at 
the fireline.

• Important exposures may 
occur off the fireline.

• Atmospheric inversions can 
cause extended periods of 
24/7 exposure.

Source: WorkSafeBC OHS Section 5.50(1)



Breathing Rate Adjustments

• Typically, OELs assume 10 m3 of air in 8 hours 
(~21 litres/min).

• WFFs breathing rates range from 24 – 60 
litres/min.

• Additionally high altitudes increase breathing 
rates and internal dose of some contaminants.



Dermal Contamination
• WFFs are dermally exposed to PAHs from 

smoke, ash, and soot from regular work 
practices.

• Re-exposure to PAHs from contaminated PPE 
and surfaces has been shown in structural 
firefighting and is likely occurring in WFF.

• Shift length and camp facilities may not 
adequately support effective 
decontamination procedures.

Photo Credits: Alaska Division of Forestry & Fire Protection



Culture
• WFF culture lags behind structural firefighting.
• Many WFFs take pride in soot covered skin and 

blackened Nomex.
• A culture of stretching laundry far as possible and 

in extreme situations - forgoing showers 
altogether.

• Widespread notion that wildfire smoke exposure 
is not dangerous as it is “natural”.

• Personal & Crew pride in completing objectives 
may cloud judgement and push limits beyond 
reasonable exposure.

Photo Credits: US DOI, University of Nebraska Omaha



Section 3: What does the 
research say about exposure 

levels?



A note on exposure limits 

• Exposure limits are the maximum allowed airborne concentration 
in a workplace for a given substance.

• Exposure limits are not a fine line between “healthy” and 
“unhealthy”. 

• Judging workplace monitoring data against an exposure limit 
allows us to make risk assessment judgements. 

• Some workplace exposures are “Designated Substances”, for 
which we follow the principal of reducing exposures as low as 
reasonably achievable.



Respirable Particulate Matter

• Wildfire smoke is largely respirable/fine particulate matter. 

• There is no “Wildfire smoke” or “PM2.5” Occupational 
Exposure Limit.

• Some wildfire organizations use a working OEL for 
respirable particulate of 700 ug/m3.

Top 5% of Exposures
(ug/m3)

“Working” Exposure 
Limit (ug/m3)

Hazard 
Ratio

1,820 700 2.6

Goal is to get this to 0.5!



Carbon Monoxide

• WFFs are generally exposed to low levels of CO 
when averaged over the course of a shift. 

• CO is largely driven by engine exhaust, 
especially when smoke levels on the fireline are 
low.

• High exposure firelines are common and can 
considerably exceed exposure limits.

Top 5% of Exposures
(ppm)

12hr Exposure 
Limit (ppm)

Hazard Ratio

11 6.25 1.76



Crystalline Silica

Source: Reinhardt & Broyles 2019 (3) 

Top 5% of Exposures
(ug/m3)

12hr Exposure 
Limit (ug/m3)

Hazard Ratio

119 6.25 19.0

• Silica exposure can be highly variable and task-dependent

• Those engaged in dry mopping, digging guard, and wet 

mopping are at highest risk.

• Can also be exposed by driving on dusty FSRs, and dusty 

fire camp.



Volatile Organic Compounds

Hazard
Top 5% of 

Exposures
(ppb)

12hr 
Exposure Limit 

(ppb)

Hazard 
Ratio

Formaldehyde 83 25 3.3

Benzene 37 125 0.3

• While there are many hazardous volatile organic compounds present 

in wildfire smoke, not all have been evaluated.

• Of those evaluated, formaldehyde is the only VOC that is  consistently 

present on the fireline in concentrations above exposure limits.



Section 4: What is BCWS doing to 
assess and control exposures?



UNBC 
Smoke Exposure and 

Respiratory Health Study (2019)

• Involved 34 BCWS wildland firefighters during the 2017 fire season.

• Assessed lung function change from pre- to post-season for all three 

crews.

• Small but consistent declines in lung function were observed in all 

three crews across the fire season.

• This is in line with broader academic research – it is unknown to what 

extent these declines persist between seasons.



Carbon monoxide exposure 
assessment (2022)

• This project assessed CO exposure on the fireline.

• Tasks associated with engine use such as sawyers and pump operators were at 

elevated risk of overexposure to carbon monoxide.

• Engine exhaust was the main driver of exposure as the firelines assessed had 

relatively low smoke exposure.

• When CO was used to estimate smoke exposure found that staff were exposed to 

levels that would amount to “Unhealthy” on the Air Quality Index.

• Smoke exposure is highly variable and dependent on fireline conditions. 

• Some deployments can have extremely low exposure while others can have 

extremely high exposure. It can be difficult to anticipate ahead of time.



Polycyclic Aromatic Hydrocarbon
 Research 

• BCWS partnered with researchers from the University 
of Alberta to conduct a suite of research that 
evaluated exposure to a PAHs - specific class of 
carcinogenic compounds found in wildfire smoke, 
ash, and soot.

• PAH absorption can be easily measured in urine, 
allowing us to identify the effect of various mitigation 
strategies.

• This research evaluated the use of respirators and 
enhanced skin hygiene protocols on reducing 
exposure.



Polycyclic Aromatic Hydrocarbon
 Research 

The results of this research have identified that:

1. Wildland firefighters are exposed to PAHs in the air 
they breathe and through skin absorption of soot.

2. In some cases, the level of PAHs in the body exceed 
exposure limits.

3. Discretionary use of a respirator reduced PAH 
absorption.

4. Enhanced skin hygiene may reduce PAH 
absorption.



Identifying and Implementing Respiratory Protection: 
A Phased Approach

Foundational Research (2019-2021)

Phase 1: Product research & suitability assessments (2022) 

Phase 2: Respiratory protection effectiveness study (2023)

Phase 2.5: Discretionary use suitability feedback survey (2023)

Ongoing reassessment of suitability (2024 and Beyond)



Phase 2: Respiratory Protection Suitability Research 

• In 2023 three models of respiratory protection were trialed to assess protection against PAHs.

• The study followed 85 participants across six BCWS unit crews for 3 consecutive days each.

• Air, skin, and urine were samples for PAH exposure and absorption.

• The analysis of results by the University of Alberta is still underway. 



Phase 2.5: Discretionary Use Suitability Feedback Survey (2023)

• Upon the end of the three-day period, we offered participants the opportunity to keep 

their respiratory protection for the rest of the season if they agreed to provide 

feedback under scenarios of realistic discretionary use.



Phase 2.5: Discretionary Use Suitability Feedback Survey (2023)

• Typical respirator use on the fireline looked like:

• Wearing for 15-30 minutes at a time, 2-3 times per day, for a total of 1-2 hours per day.

• Most often wearing their RPE during wet and dry mopping.

• Positive impact during short-term and light-work.

• Negative impact on communication via both in-person and radio.

• Some interference with other PPE including glasses, face screen, helmet, or PELTORs.

• 60% of respondents reported facial hair that would interfere with the mask seal.

• 100% of respondents agreed that respiratory protection should be implemented within BCWS.



Respirator Options for 2024
• N95 Respirator with Exhalation Valve

• Lightweight and easy to pack and disposable.

• 3M Quick Latch
• Option for protection against particulates and gases.
• Quick latch mechanism facilitates communication and 

hydration.

• 3M Secure Click
• Option for protection against particulates and gases.
• Enhanced breathability, speech diaphragm, easier filter 

attachment, and one-click seal check.



Respirator Limitations
• No protection against carbon monoxide.

• An extremely physical and hot work 
environment.

• Frequent in-person and radio 
communications.

• Lack of ability to maintain clean shaven face.

• No flame-resistant respirator options.

• Minimal space for additional packed gear.

• Cartridge change-out schedules are 
unknown.



Other Mitigation Strategies
Dermal Exposure Inhalation Exposure All Exposure Routes

Provide paid time to 
decontaminate skin and 
PPE at base.

Incorporate smoke exposure risk assessments into 
operational decisions.

Educate staff on the hazards 
of exposure and how to 
reduce.

Provide options for skin 
decon in the field.

Rotate workers out of high exposure tasks and fireline 
areas.

Provide adequate 
infrastructure to shower and 
launder PPE without delay.

Incorporate air quality forecasting into fire camp 
locations.

Provide multiple sets of 
Nomex.

Monitor fire camp air quality and implement controls 
when air quality is impacted.

Empower staff to make 
decisions to lower their 
exposure at the cost of 
productivity.Reduce mop-up where 

possible.
Ensure indoor air quality at fire camps is adequately 
filtered when air quality is impacted

Reduce cold-trailing where 
possible.

During atmospheric inversions, adjust shift timing 
around forecasted inversion break.



Visual Smoke Density Guide
• A tool to aid staff in making decisions regarding their exposure to 

smoke, by establishing visuals of typical smoky conditions.

• Visuals are paired with monitoring data and binned into risk 

categories with recommended actions regarding task rotation and 

respirator use.

• “If it looks like this, you are exposed to this, and the recommended 

actions are this.”

Mitigation Strategies 

Incorporate smoke exposure risk assessments into operational 
decisions.

Rotate workers out of high exposure tasks and fireline areas.

Empower staff to make decisions to lower their exposure at the cost of 
productivity.



Fire Camp Air Quality

Mitigation Strategies 

Incorporate air quality forecasting into fire camp 
locations.

Monitor fire camp air quality and implement 
controls when air quality is impacted.

Ensure indoor air quality at fire camps is 
adequately filtered when air quality is impacted

Empower staff to make decisions to lower their 
exposure at the cost of productivity.

• We have procured a suite of air quality monitoring devices to be 
posted at smoke-impacted fire camps to:

• Assess “off-shift” exposure among staff returning from the 
fireline

• Assess “on-shift” exposure among fire camp staff.

• Ultimately, the goal is to provide real time air monitoring data for 
all fire camps, establishing “trigger points” which implement a 
tiered control system. 



Fire Camp Air Quality

• The goal of these shelters are to provide rest from wildfire smoke at 
staging areas and fire camps. 

• BCWS is testing these shelters at smoke-impacted fire camps this 
summer to assess performance and practicality.

• Similar “clean-air shelters” could be a potential engineering 
control deployed in fire camps at certain trigger points identified 
by real time monitoring.

• We are piloting two prototype “Clean-Air Shelters” created by students 
in the Kwantlen Polytechnic University Wilson School of Design

Mitigation Strategies 

Incorporate air quality forecasting into fire camp 
locations.

Monitor fire camp air quality and implement 
controls when air quality is impacted.

Ensure indoor air quality at fire camps is adequately 
filtered when air quality is impacted

Empower staff to make decisions to lower their 
exposure at the cost of productivity.



UBCO Cardiorespiratory health study

• This study seeks to determine the 
cardiorespiratory impacts of wildfire smoke, 
ash, and dust in BCWS firefighters across 
multiple seasons (2024 – 2025).

• Pre-, mid-, and post-season biological 
monitoring including blood, urine, and sputum 
samples, lung and vascular function tests, VO2 
max, ultrasounds, and vitals.

• We will conduct exposure assessments 
throughout the season targeting respirable PM 
and Silica.

Mitigation Strategies 

Incorporate smoke exposure risk assessments 
into operational decisions.

Rotate workers out of high exposure tasks and 
fireline areas.

Educate staff on the hazards of exposure and 
how to reduce.

Empower staff to make decisions to lower their 
exposure at the cost of productivity.



Washington, Oregon, and California Wildfire 
Smoke Regulations

• New Permanent Rules which apply to 
ALL employers in these states other than 
enclosed buildings and vehicles (with 
adequate air filtration) and wildland 
firefighting.

• Based on the EPA Air Quality Index.
• Employers must monitor current PM2.5 

for worksites, and implement training, 
controls, and respirators as AQI 
progressively worsens.



Average fireline exposure to PM2.5 is more than 1.5x this! (470 ug/m3)



1. Prepare a Wildfire Smoke Response Plan
2. Provide training and education to employees.
3. Monitor PM2.5 forecasts

4. Notify employees of PM2.5 conditions.
5. Consider exposure controls.
6. Consider providing voluntary respirators

7. Implement exposure controls.
8. Must make N95s available for voluntary use.

9. Ensure workers experienced requiring medical attention are moved to 
clean air. 

10. Directly distribute N95s to employees for voluntary use.

11. Implement a complete required respiratory protection program that 
includes fit testing, medical evaluations, and clean-shaven mandates.

12. Require respirators with protection factors of 25 or more (such as 
powered air purifying respirators)

0 – 20

20 – 35

35 - 250

250 - 500

500 - 555

555 +

Washington Smoke Regulations
Fine Particulate Matter (PM2.5) 

Concentration



What does this mean for you?

• Neighboring jurisdictions in the western 
US have adopted permanent, 
mandatory wildfire smoke regulations 
for all employers as a response to the 
worsening air quality impacts from 
wildfire smoke. 

• It is possible that similar regulations 
may be implemented in British 
Columbia in the future.

• Employers can be proactive by 
implementing control strategies guided 
by these regulations. 

Satellite imagery of province-wide smoke impacts taken July 2023. Source NASA.



Wildfire Smoke App 
• Created by IATSE 891 and Aura 

Health and Safety. 
• Created for the film industry, but 

applicable anywhere.
• Based on Washington Wildfire 

Smoke Regulations. 
• Incorporates local AQI readings 

based on your phones geo-location 
or you can input your own 
monitoring results.

• Available on iOS App Store and 
Google Play.



Sources for wildfire smoke exposure

• Wildfire smoke: Frequently asked questions | WorkSafeBC
• Washington Wildfire Smoke Regulation
• Wildfire Smoke Response Plan Template
• CAN/CSA-Z94.4-18 Selection, use, and care of respirators
• IATSE 891 Wild Fire App on the App Store
• IATSE 891 Wild Fire App on Google Play
• BCCDC Wildfire Smoke Info Page
• Improving Ventilation and Indoor Air Quality  During Wildfire 

Smoke Events

https://www.worksafebc.com/en/resources/health-safety/information-sheets/wildfire-smoke-frequently-asked-questions-faq?lang=en
https://www.lni.wa.gov/rulemaking-activity/AO20-29/2029Adoption.pdf
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.lni.wa.gov%2Fsafety-health%2F_docs%2FWildfireSmokeResponsePlanTemplate.docx&wdOrigin=BROWSELINK
https://www.csagroup.org/store/product/CAN-CSA-Z94.4-18/
https://apps.apple.com/ca/app/iatse-891-wild-fire/id6479080237
https://play.google.com/store/apps/developer?id=Aura+Health+and+Safety+Corp.
http://www.bccdc.ca/health-info/prevention-public-health/wildfire-smoke
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/333-208.pdf
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/333-208.pdf


Questions?
Contact: dlichty@ualberta.ca



References
1. Adetona O, Reinhardt TE, Domitrovich J, Broyles G, Adetona AM, Kleinman MT, Ottmar RD, Naeher LP. Review of the health effects of wildland fire smoke on wildland firefighters and the public. Inhal Toxicol. 2016;28(3):95-139. doi: 

10.3109/08958378.2016.1145771. PMID: 26915822.

2. Aguilera, R., Corringham, T., Gershunov, A. et al. Wildfire smoke impacts respiratory health more than fine particles from other sources: observational evidence from Southern California. Nat Commun 12, 1493 (2021). https://doi.org/10.1038/s41467-021-

21708-0

3. Reinhardt TE, Broyles G. Factors affecting smoke and crystalline silica exposure among wildland firefighters. J Occup Environ Hyg. 2019 Feb;16(2):151-164. doi: 10.1080/15459624.2018.1540873. Epub 2019 Mar 11. PMID: 30407130.

4. International Agency for Research on Cancer (IARC). Occupational exposure as a Firefighter. IARC Monographs on the Identification of Carcinogenic Hazards to Humans Volume 132

5. Henderson SB, Brauer M, Macnab YC, Kennedy SM. Three measures of forest fire smoke exposure and their associations with respiratory and cardiovascular health outcomes in a population-based cohort. Environ Health Perspect. 2011 

Sep;119(9):1266-71. doi: 10.1289/ehp.1002288. Epub 2011 Jun 9. PMID: 21659039; PMCID: PMC3230386.5

6. Delfino RJ, Brummel S, Wu J, Stern H, Ostro B, Lipsett M, Winer A, Street DH, Zhang L, Tjoa T, Gillen DL. The relationship of respiratory and cardiovascular hospital admissions to the southern California wildfires of 2003. Occup Environ 

Med. 2009 Mar;66(3):189-97. doi: 10.1136/oem.2008.041376. Epub 2008 Nov 18. PMID: 19017694; PMCID: PMC4176821.

7. Betchley C, Koenig JQ, van Belle G, Checkoway H, Reinhardt T. Pulmonary function and respiratory symptoms in forest firefighters. Am J Ind Med. 1997 May;31(5):503-9. doi: 10.1002/(sici)1097-0274(199705)31:5<503::aid-ajim3>3.0.co;2-u. 

PMID: 9099351.

8. Gaughan DM, Cox-Ganser JM, Enright PL, Castellan RM, Wagner GR, Hobbs GR, et al. Acute upper and lower respiratory effects in wildland firefighters. J Occup Environ Med. 2008;50(9):1019

9. Adetona O, Hall DB, Naeher LP. Lung function changes in wildland firefighters working at prescribed burns. Inhal Toxicol. 2011 Nov;23(13):835-41. doi: 10.3109/08958378.2011.617790. PMID: 22035123.

10. Jacquin L, Michelet P, Brocq FX, Houel JG, Truchet X, Auffray JP, et al. Short-term spirometric changes in wildland firefighters. Am J Ind Med. 2011;54(11):819.

11. Miranda AI, Martins V, Casco P, Amorim JH, Valente J, Borrego C, et al. Wildland smoke exposure values and exhaled breath indicators in firefighters. J Toxicol Environ Health. 2012;75(13–15):831–43.

12. Rothman N, Ford DP, Baser ME, Hansen JA, O’Toole T, Tockman MS, et al. Pulmonary function and respiratory symptoms in wildland firefighters. J Occup Med. 1991;33(11):1163–7.

13. Liu D, Tager IB, Balmes JR, Harrison RJ. The effect of smoke inhalation on lung function and airway responsiveness in wildland fire fighters. Am Rev Respir Dis. 1992;146(6):1469.

14. Cherry N, Barrie JR, Beach J, Galarneau JM, Mhonde T, Wong E. Respiratory Outcomes of Firefighter Exposures in the Fort McMurray Fire: A Cohort Study From Alberta Canada. J Occup Environ Med. 2021 Sep 1;63(9):779-786. doi: 

10.1097/JOM.0000000000002286. PMID: 34491965.

15. Gianniou N, Giannakopoulou C, Dima E, Kardara M, Katsaounou P, Tsakatikas A, et al. Acute effects of smoke exposure on airway and systemic inflammation in forest firefighters. J Asthma Allergy. 2018;11:81–8.

16. Swiston JR, Davidson W, Attridge S, Li GT, Brauer M, Van Eeden SF. Wood smoke exposure induces a pulmonary and systemic inflammatory response in firefighters. Eur Respir J. 2008;32(1):129–38.

17. Main LC, Wolkow AP, Tait JL, Della Gatta P, Raines J, Snow R, Aisbett B. Firefighter's Acute Inflammatory Response to Wildfire Suppression. J Occup Environ Med. 2020 Feb;62(2):145-148. doi: 10.1097/JOM.0000000000001775. PMID: 

31764604.

18. Semmens EO, Domitrovich J, Conway K, Noonan CW. A cross-sectional survey of occupational history as a wildland firefighter and health. Am J Ind Med. 2016;59(4):330.

19. Coker RH, Murphy CJ, Johannsen M, Galvin G, Ruby BC. Wildland firefighting: adverse influence on indices of metabolic and cardiovascular health. J Occup Environ Med. 2019;61(3):91–4.

20. Gaughan DM, Siegel PD, Hughes MD, Chang CY, Law BF, Campbell CR, et al. Arterial stiffness, oxidative stress, and smoke exposure in wildland firefighters. Am J Ind Med. 2014;57(7):748.

21. Navarro KM, Kleinman MT, Mackay CE, Reinhardt TE, Balmes JR, Broyles GA, Ottmar RD, Naher LP, Domitrovich JW. Wildland firefighter smoke exposure and risk of lung cancer and cardiovascular disease mortality. Environ Res. 2019 

Jun;173:462-468. doi: 10.1016/j.envres.2019.03.060. Epub 2019 Mar 26. PMID: 30981117.

22. Cherry, N., Galarneau, J., Kinniburgh, D. G., Quémerais, B., Tiu, S., & Zhang, X. (2021). Exposure and Absorption of PAHs in Wildland Firefighters: A Field Study with Pilot Interventions. Annals of Work Exposures and Health, 65(2), 148–161. 

https://doi.org/10.1093/annweh/wxaa064

23. Cherry, N., Broznitsky, N., Fedun, M., Kinniburgh, D., Shum, M., Tiu, S., Zadunayski, T., Zarft, M., & Zhang, X. (2022). Exposures to polycyclic aromatic hydrocarbons and their mitigation in wildland firefighters in two Canadian provinces. 
Annals of Work Exposures and Health, 67(3), 354–365. https://doi.org/10.1093/annweh/wxac085 

24. Cherry, N., Broznitsky, N., Fedun, M., & Zadunayski, T. (2022). Respiratory tract and eye symptoms in wildland firefighters in two Canadian provinces: Impact of discretionary use of an N95 mask during successive rotations. International 
Journal of Environmental Research and Public Health, 19(20), 13658. https://doi.org/10.3390/ijerph192013658 

25. Fent KW, Alexander B, Roberts J, Robertson S, Toennis C, Sammons D, Bertke S, Kerber S, Smith D, Horn G. Contamination of firefighter personal protective equipment and skin and the effectiveness of decontamination procedures. J 

Occup Environ Hyg. 2017 Oct;14(10):801-814. doi: 10.1080/15459624.2017.1334904. PMID: 28636458.

26. Keir, J. L., Kirkham, T. L., Aranda-Rodriguez, R., White, P. A., & Blais, J. M. (2023). Effectiveness of dermal cleaning interventions for reducing firefighters’ exposures to pahs and genotoxins. Journal of Occupational and Environmental 
Hygiene, 20(2), 84–94. https://doi.org/10.1080/15459624.2022.2150768 

27. Burgess JL, Hoppe-Jones C, Griffin SC, Zhou JJ, Gulotta JJ, Wallentine DD, Moore PK, Valliere EA, Weller SR, Beitel SC, Flahr LM, Littau SR, Dearmon-Moore D, Zhai J, Jung AM, Garavito F, Snyder SA. Evaluation of Interventions to 

Reduce Firefighter Exposures. J Occup Environ Med. 2020 Apr;62(4):279-288. doi: 10.1097/JOM.0000000000001815. PMID: 31977921; PMCID: PMC8647371.

https://doi.org/10.1038/s41467-021-21708-0
https://doi.org/10.1038/s41467-021-21708-0
https://doi.org/10.1093/annweh/wxaa064

	Slide 1: Mitigation Strategies for Wildfire Smoke and Other Respiratory Hazards in Wildland Firefighting
	Slide 2: Introduction – Who Am I?
	Slide 3: Introduction – Research & Innovation
	Slide 4: Agenda
	Slide 5: The Fire Camp
	Slide 6: The Fireline
	Slide 7: Section 2: What are wildland firefighters exposed to? 
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Wildfire Smoke  Particulate Matter
	Slide 12: Carbon Monoxide 
	Slide 13: Polycyclic Aromatic Hydrocarbons (PAHs)
	Slide 14: Crystalline Silica
	Slide 15: Volatile Organic Compounds
	Slide 16: Other Considerations for Assessing Exposure
	Slide 17: Shift Length Adjustments
	Slide 18: Breathing Rate Adjustments
	Slide 19: Dermal Contamination
	Slide 20: Culture
	Slide 21: Section 3: What does the research say about exposure levels?
	Slide 22: A note on exposure limits 
	Slide 23: Respirable Particulate Matter
	Slide 24: Carbon Monoxide
	Slide 25: Crystalline Silica
	Slide 26: Volatile Organic Compounds
	Slide 27: Section 4: What is BCWS doing to assess and control exposures?
	Slide 28: UNBC  Smoke Exposure and  Respiratory Health Study (2019)
	Slide 29: Carbon monoxide exposure assessment (2022)
	Slide 30: Polycyclic Aromatic Hydrocarbon  Research 
	Slide 31: Polycyclic Aromatic Hydrocarbon  Research 
	Slide 32: Identifying and Implementing Respiratory Protection:  A Phased Approach
	Slide 33: Phase 2: Respiratory Protection Suitability Research 
	Slide 34: Phase 2.5: Discretionary Use Suitability Feedback Survey (2023) 
	Slide 35: Phase 2.5: Discretionary Use Suitability Feedback Survey (2023) 
	Slide 36: Respirator Options for 2024
	Slide 37: Respirator Limitations
	Slide 38: Other Mitigation Strategies
	Slide 39: Visual Smoke Density Guide
	Slide 40: Fire Camp Air Quality
	Slide 41: Fire Camp Air Quality
	Slide 42: UBCO Cardiorespiratory health study
	Slide 43: Washington, Oregon, and California Wildfire Smoke Regulations
	Slide 44
	Slide 45
	Slide 46: What does this mean for you?
	Slide 47: Wildfire Smoke App 
	Slide 48: Sources for wildfire smoke exposure
	Slide 49: Questions?
	Slide 50: References

