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What can firefighters learn from smoke research for health management?
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Bushfire smoke is a complex and dynamic |

mixture of particles and gases.
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How can bushfire smoke impact health?

Acute — brief exposure (from
seconds to hours) to high/very high
concentrations of a toxic chemical

Sub-acute - accumulation of
chemicals or their metabolites in
the body

Chronic — prolonged or repeated
exposure over many days, months
or years

Cumulative - exposure to multiple
toxins present in bushfire smoke
resulting in additive and/or
synergistic health effects

Smoke components cross the /

gas-blood barrier in the lung to
reach the circulatory system:
Ultra-fine particles, carbon
monoxide, PAHs

Impact on CNS:
Carbon monoxide,
Particles, VOCs

Oxidative stress
response in brain cells:
Particles

Eye, nose & throat irritation:
Particles, aldehydes, organic N
acids, VOCs, NO2

Impact on respiratory system
(e.g. asthma, COPD): particles,
aldehydes, VOCs, ozone, NOx,
S02

Carcinogens:
Formaldehyde, acetaldehyde,
benzene, PAHSs, particles

@

Oxidative stress
response in lung cells:
Particles
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What factors drive smoke emissions?

Fire characteristics
Fuel characteristics

Combustion conditions

Weather conditions

EFs for pyrogenic species emitted from various types of biomass burning.

Species Savanna and Tropical forest Temperate forest Boreal forest Peat fires Agricultural residues
8r 1

average SD N |average SD N | average SD N |average SD N |average SD N | average SD N
Cco2 1660 90 31 1620 70 9 1570 130 39 1530 140 14 | 1590 150 6 1430 230 29
co 69 20 50 104 39 16 113 50 47 121 47 22 260 23 6 76 55 39
CH4 2.7 22 49 6.5 16 13 5.2 28 37 5.5 25 20 9.1 15 6 5.7 6.0 20
vocC 5.1 59 14 5.6 15 4 134 11.8 13 6.0 29 8 21 - 0 7.6 8.0 12
Benzene 0.33 0.22 19 0.38 005 4 0.42 0.17 17 0.57 021 7 0.87 - 2 0.27 0.19 17
Toluene 0.19 0.14 17 023 004 4 0.27 0.15 16 035 011 6 0.45 - 2 0.17 0.10 17
Formaldehyde 1.23 0.65 16 2.40 063 3 2.04 0.70 16 1.75 040 4 1.07 044 3 1.8 0.6 8
PM2.5 6.7 33 20 8.3 33 9 18.5 144 29 18.7 159 5 18.9 23 3 8.2 44 18
ocC 3.0 1.5 15 4.4 19 5 10.9 7.2 13 5.9 25 3 14.2 - 2 49 3.6 20
BCorEC 0.53 0.35 18 051 034 8 0.55 036 14 043 021 4 0.10 - 3 0.42 0.28 24

Andreae (2019) Atmos. Chem. Phys., 19, 8523-8546, https://doi.org/10.5194/acp-19-8523-2019



Combustion conditions

Flaming combustion of
the vapour-phase volatiles

N + H,0 + HEAT

Smouldering combustion
of the char residue

Glowing conmthust :
2, - Heat +€0;+ H,0 + other gaises + ash (solid)
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Emission factor (g kg'1)

Emissions as a function of combustion process
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Particle emissions and composition driven by
combustion efficiency and temperature
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What factors drive exposure?

R &

= Work activities
=  Proximity to fire/smoke
= |gnition pattern
- Edge ignition
- Central ignition
- Hand vs aerial
= Topography/Terrain
»  Fuel characteristics
- Fuel type
- Fuel moisture
= Meteorology
- Wind speed/direction

- Inversions



Carbon monoxide concentration [ppm]

Work activity Burn conditions
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Exposure Risk Assessment Methodology

Hazardous No
substance?

Yes

Exposure No
exceeds =
OES?
<1% of the 0
MODERATE

time?

1%-5% of
the time?

How often?

5%-20% of
the time?

> 20% of
the time?

Adapted from American Industrial Hygiene
Association rating scheme (Hawkins et al. 1991)

https://volunteerfirefighters.org.au/wp-content/uploads/2020/02/AFAC-managing-bushfire-smoke-exposure.pdf

https://www.bushfirecrc.com/resources/product/smoke-exposure-management-fire-ground-reference-guide



https://volunteerfirefighters.org.au/wp-content/uploads/2020/02/AFAC-managing-bushfire-smoke-exposure.pdf
https://www.bushfirecrc.com/resources/product/smoke-exposure-management-fire-ground-reference-guide

Other factors to consider

* Longer work shifts

* Heavy or strenuous work 00 | Sedentary
600 o — — Light work
500 Heavy work

Length of time to achieve 5%
COHb at various CO exposures
and work activity levels
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Other factors to consider

Longer work shifts
Heavy or strenuous work
Additive/synergistic health effects

Major contributors are
respirable particles, CO,
formaldehyde and acrolein

% of exposure limit
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MacSween et al (2019) Cumulative Firefighter Exposure to Multiple Toxins Emitted
During Prescribed Burns in Australia.
Exposure and Health; https://doi.org/10.1007/s12403-019-00332-w
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Other factors to consider

* Longer work shifts ”
* Heavy or strenuous work %
» Additive/synergistic health effects 80
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MacSween et al (2019) Cumulative Firefighter Exposure to Multiple Toxins Emitted
During Prescribed Burns in Australia.
Exposure and Health; https://doi.org/10.1007/s12403-019-00332-w



Monitor exposure time

Allow for sufficient recovery time
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Insights and strategies

e Understanding the harmful components in
bushfire smoke

* Recognizing specific health risks/symptoms
from various smoke components

* Understanding the conditions/factors that
have the potential to contribute to high levels
of bushfire smoke exposure

* Minimising and monitoring exposure
— Planning
— Regular rotation of crews
— Reducing time spent in heavy smoke
— Recovery time
— Health and environmental monitoring

— Effective use of PPE %




Thank you

Environment
Fabienne Reisen
Principal Research Scientist

+61 3 9239 4435
fabienne.reisen@csiro.au

Australia’s National Science Agency
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