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Where is the boundary of wildfire smoke?
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Large wildfires have been increasing in recent years, including wildfires in
Hawaii in 2023, Canada in 2023, California in 2020 and 2021, Australia in
2019 to 2020, Brazil in 2019 and 2020, and so on. In particular, Canada has
been experiencing more than 450 wildfires, with many of them still out of
control to date. According to the Canadian Wildland Fire Information System
(https://cwfis.cfs.nrcan.gc.ca/home), the wildfires have spread across
Canada, scorching nearly 11 million acres, which is about 15 times larger
than usual areas for this time of the year. The severe wildfires are not only
local issues in Canada but also a health threat to other countries (e.g., the US
and European countries), which have been raised into the headlines globally.
Wildfire smoke from the Canadian wildfire can increase the risks of eye irrita-
tion, corneal abrasions, lung disease, and heart disease in these countries,
especially for sensitive populations including children, pregnant women, the
elderly, and people with cardiorespiratory conditions.

As a major source of air pollution, wildfires can generate smoke plumes,
resulting in deterioration of air quality in immediate wildfire-source areas.
However, the adverse impacts of severe wildfires on air quality are not limited
to these regions. Due to the prevailing winds, the smoke can transport over
long distances in the troposphere. Wildfire smoke includes multiple air pollu-
tants such as particulate matter (PM), carbon monoxide (CO), nitrogen oxides
(NO,), polycyclic aromatic hydrocarbons (PAHs), and ozone (Oz). Among
these air pollutants, PM especially PM, 5 (i.e., PM with a diameter of 2.5 um or

less) is preferentially transported over a longer distance because the size is
less suitable to settle by gravity than PM,, and to coagulation than PM;.
Previous studies have shown that the long-range transport of wildfire smoke
can affect air quality over wide areas even thousands of kilometers from the
source.”” Smoke plumes from Amazonian and Pantanal wildfires arrived in
the Metropolitan Area of Sdo Paulo (MASP) which is in the southeastern
region of Brazil in 2020, resulting in a higher level of PM, s in MASP." Wildfires
in eastern European countries were reported to increase the normal PM,s
concentrations in southern Finland to the exceedance of the WHO guideline
value (15 pg/m®.” However, evidence is still limited for quantifying the
boundary of wildfire smoke.

The smoke plumes generated from the raging and ongoing Canadian wild-
fires have wafted down to the east coast of the United States and had a
devastating impact on air quality in US cities (Figure 1A). According to the
OpenAQ (https://openac.org/), on 6™ June, New York reported the worst air
quality in the world with a 24-hour PM, s concentration of 149.5 ug/m?, which
was nearly 25 times the annual PM, 5 concentration (about 6.0 pg/m?). Simi-
larly, On 7" June, Washington D.C. also observed a very high daily mean
PM, 5 of 115.9 pg/m?. The smoke in the US has issued a "Code Red" air qual-
ity alert and threatened more than 110 million Americans. Moreover, smoke
from Canadian wildfires also hit Norway and even flowed to southern Europe,
such as Portugal and Spain (Figure 1B).
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Figure 1. Smokes from the Canadian wildfires reached the Eastern US (A) and Southern Europe (B) Figure1A and B were from NASA Earth Observatory satellite image on June

14,2023 and on June 26, 2023 (https://earthobservatory.nasa.gov/images).

Wildfires pose a potential threat to human health. Evidence has suggested
that wildfires have adverse health effects on local populations in wildfire-
source areas, including the direct risk of fatalities from wildfire events and the
indirect risk of mortality and morbidity associated with wildfire smoke.?
Although wildfires cause widespread public concern about local health
effects, their potential health impact on people further away is frequently
overlooked. As the wildfire smoke transports in a long distance, PM, 5 in wild-
fires may contain more oxidative components (i.e,, PAHs and quinones) and
proinflammatory components (i.e,, aldehydes and oxides of nitrogen) and
may have greater oxidative potential, thus the health effect of long-range
transported wildfire smoke could be different from that in wildfire-source
areas and warranted to be explored.” Exposure to wildfire related PM, 5 in
eastern European countries was associated with an increased risk of mortal-
ity in the whole Europe. Smoke was transported from wildfires in eastern
European countries to southern Finland, resulting in an increased risk of

cardiovascular mortality for the total population and hospital admissions due
to respiratory causes for the elderly.” The Canadian wildfire smoke in July
2002 was reported to be associated with an increased risk of respiratory and
cardiovascular hospital admissions for the elderly living across the east coast
of the U.S. as far south as Washington D.C.” Given that a handful of studies
evaluated the lung- and heart-related health effect of the long-range trans-
ported smoke from wildfires, whether it is associated with other health
outcomes is still unknown. Since the effect of wildfire smoke extends beyond
national borders, addressing the health impacts of Canadian wildfires on
other countries requires international collaborations. Therefore, more multi-
country studies are needed to explore associations between the short-term
and long-term impacts of long-range transported wildfire smoke exposure
and extensive health outcomes.

During wildfire season, the government should provide accurate informa-
tion regarding the air quality and health protection advice related to wildfires
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for residents. It is also important for the government to provide some emer-
gency supplies, such as food, medication, and face masks. Even though
some personal measures such as wearing face masks and using air purifiers
may help to reduce wildfire smoke to some extent, all these methods have
some limitations and cannot help to eradicate the adverse health effects of
the exposure. The effectiveness of face masks depends on the filtration
capacity and individual behaviors, such as the duration and frequency of
wearing face masks. The discomfort caused by wearing face masks in hot
weather during the wildfire seasons may change individual behaviors and
decrease the effectiveness. Furthermore, air purifiers are expensive for some
people with low social economic status and the existing air purifiers are inca-
pable of removing all gaseous pollutants in the wildfire smoke.

Similar to other large wildfires that have occurred in recent years, the
Canadian wildfires are a much earlier start of the fire season than that in
previous years. The situation may be much worse in July and August. These
record-breaking wildfires are related to the climate change. A decrease in
rainfall and an increase in extremely hot temperatures and wind speed facili-
tate the essential conditions for wildfires to ignite and spread. Moreover, the
stronger wind due to climate change also contributes to the widespread
smoke generated from wildfires. Climate change can thus enlarge the bound-
ary of the wildfire smoke and further exaggerate the adverse health effect of
the long-transported wildfire smoke. Therefore, global actions are needed to
respond to climate change and alleviate the impact of “non-boundary” wild-
fires on public health.
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