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Executive Summary

PAHs were first shown to cause cancer in the 1930’s. Since then scientists have
been proclaiming that PAHs from smoke and burning fossil fuels will cause
cancer, but to little avail.

Consider cigarette smoking: With the ten to twelve year delay from exposure to
PAHs to the development of cancer, and with the industry suppressing the
science, it has taken many years to convince governments that PAHs in cigarette
smoke were causing cancer.

Most governments now have restrictions on human-made PAH emissions, but
these need to be tightened and enforced. Unconventional gas mining has been



banned in several European countries due to public protest over emissions
causing health issues. In other countries (such as Australia and USA) the first
cases of cancer, from gas mining PAH emissions, are occurring now.

When PAHs enter our bodies by breathing in smoke, they can cause cancer in
organs other than the lungs, for example brain, breast, gastric, cervical and
oesophagial cancer. Overall PAHs could be causing over 6 million new cancer
cases each year (at least 30% of cancers).

Wildfire smoke is fast becoming the main source of PAHs in our daily lives.
PAHs that cause cancer. The prospect of wildfire smoke causing cancer is
increasing as worldwide wildfires increase. The catchcry “Climate change causes
cancer” should be publicised to support immediate action against climate
change. We need to act now.
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The Source - Where do PAHs come

from?




LINK 1 PAHs are part of everyday living

After reviewing concentrations of PAHs measured in air, water, and soil,
Menzie et al (1992) concluded “Because PAHs are ubiquitous, humans are
exposed to PAHs as part of everyday living”. Hussein et al (2016) and
Berthiaume et al (2021) have reviewed the sources, transportation and fate
of PAHs in our environment. Specific sources of PAHs are given below.

PAHs in cigarette smoke

“Nearly 4800 components have been identified in tobacco smoke and among
these are over 500 PAHs either completely or partially identified” Rodgman et
al 2006. Total PAHs are at a level of 5.386 ug/cigarette, mainly smaller PAHs,
with the larger more carcinogenic PAHs at lower but still significant levels
(Tetracyclic 7.9%, Pentacyclic 1.3%, and Hexacyclic 0.3 %; see table 5). See also
Vu et al 2015.

PAHSs in cooked and barbequed food

Saito et al (2014) measured the concentration and particle size distribution of
19 major polycyclic aromatic hydrocarbons (PAHs) emitted by thermal cooking
of a range of foods. “The PAHs in the oil mist emitted when the food was grilled
were collected according to particle size range and analysed by GC/MS. Much
higher concentrations of PAHs were detected in the oil mist emitted by grilled
pork, trout, and beef samples, which were rich in fat.”

PAHs are formed when meat is cooked using high-temperature methods, such as
grilling directly over an open flame. Lee et al (2016) investigated the effects of
grilling procedures on the level of PAHs in grilled meat. “The most important
factor contributing to the production of PAHs in grilling was smoke resulting
from incomplete combustion of fat dripped onto the fire. The sums of 4 PAHs
were reduced 48-89% with dripping removed and 41-74% with the smoke
removal treatment in grilled pork and beef meats than conventional grilling.“

Grilling workers are exposed to PAHs when BBQing meat. Olivera et al
(2020) found that “levels of total OHPAHs (> OHPAHSs) were significantly
increased (about nine times; p < 0.001) during working comparatively with
nonworking days. Additionally, 1-hydroxypyrene levels were higher than the



benchmark, 0.5 umol/mol creatinine, in 5% of exposed workers. Moreover, 3-
hydroxybenzo(a)pyrene, biomarker of exposure to carcinogenic PAHs, was
detected in 13% of exposed workers.”

Duedahl-Olesen et al (2021) have reviewed the formation and mitigation of
PAHs in barbecued meat. “Overall, mitigation of carcinogenic PAHs from
barbecuing includes removal of visual charring, reducing fat pyrolysis by
minimizing dripping from the meat onto the heat source, the use of acidic
marinades or choosing leaner cuts of meat.”

PAHs emitted by domestic woodfire cooking and heating

A Swedish study, Gustafson et al (2008), measured PAH levels in houses
with or without wood-burning appliances. “Twenty-four hour indoor levels of
anthracene, benzo(ghi)fluoranthene, cyclopenta(cd)pyrene, benz(a)anthracene,
chrysene/triphenylene, benzo(a)pyrene (BaP), indeno(1,2,3-cd)pyrene,
benzo(ghi)perylene, and coronene were significantly (about 3- to 5-fold) higher
in homes with, compared with homes without, wood-burning appliances.”

PAH:s in fossil fuels

Coal consists of a complex mixture of organic chemicals. PAHs solubilised from
coal samples ranged from 1.21 to 28.6 mg/kg, and this did not include
compounds 4 rings or larger. Zhao et al (2000). Amounts of US EPA specified
PAHs extracted from coals in this study range from 0.28 to 6.38 mg/kg. Less
than one quarter have been listed as possible carcinogens, the rest remain
unstudied.

NRC (US) Committee on Pyrene and Selected Analogues. (1983) has
compiled tables of PAH constituents of fossil fuels, and those measured in air
near a range of mining and industrial processes.

Coal tar is produced when coal is carbonised to make coke or gasified to make
coal gas. It contains many of the PAHs from coal and is listed by IARC (2012)
as a Group 1 mixture, carcinogenic to humans, based on sufficient evidence of
human and animal carcinogenicity.

PAH:s in diesel fuel and emissions

de Souza and Corréa (2016) analysed PAHs in diesel fuel, exhaust, and
lubricant oil. They found values of up to 16.15g/1 in diesel fuel. “The ratio



between the PAHs emission factors in exhaust (ug/L diesel) and their respective
concentrations in diesel fuel (ug/L) ranged from 0.01 £0.02 to 0.05 + 0.029,
depending on the PAH.” This means that PAH levels in exhaust are not negligible
and will depend on the levels of PAHs in the diesel fuel used.

LINK 2 PAHs in Air

The global total annual atmospheric emission of 16 PAHs in 2007 was 504 Gg
(331-818 Gg, as interquartile range), with residential/commercial biomass
burning (60.5%), open-field biomass burning (agricultural waste burning,
deforestation, and wildfire, 13.6%), and petroleum consumption by on-road
motor vehicles (12.8%) as the major sources. Shen et al (2013). Wildfires have
more recently come to the fore: Berthiaume et al (2021), “forest fires
continue to dominate PAC (PAH) emissions in Canada, however there is
uncertainty in these estimates. Though forest fire data show a steady average in
the total annual area burned historically, an upward trend has developed
recently. Non-industrial sources (home firewood burning, mobile sources) are
estimated to be the second largest contributor (~6-8 times lower than forest
fires) and show moderate decreases (25%-65%) in the last decades. Industrial
point sources (aluminum production, iron/steel manufacturing) are yet a smaller
contributor and have seen considerable reductions (90% +) in recent decades.
Fugitive emissions from other industrial sources (e.g. disposals by the non-
conventional oil extraction and wastewater sectors, respectively) remain a gap in
our understanding of total PAC emissions in Canada. Emerging concerns about
previously unrecognized sources such as coal tar-sealed pavement run-off,
climate change are discussed elsewhere.”

PAHs emitted in coal mining.

The PAHs found in respirable coal-dust samples were identified as
phenanthrene, pyrene, benzo[ghi]fluoranthene, chrysene, perylene,
benzoperylene, benzochrysene, and dibenzoperylene. These compounds were
more common in coal dust in the mine than in dust from other locations. NRC
(US) Committee on Pyrene and Selected Analogues (1983).

For example Shultz (1972) reported finding 13 PAHs in the respirable fraction
of coal mine dusts.



PAHs emitted in unconventional gas mining and flaring.

Santos and Maher (2012) have measured some of the highest levels of
methane in the atmosphere in CSG mining areas in Queensland. This was
consistent with fugitive gas emissions. Whenever wells leak, other chemicals
(including PAHSs) will be leaking along with methane.

Strosher (1996) identified a range of PAHs in the emissions from flared
produced gas, with up to 300 mg/m/sup 3/ for the 16 EPA PAHs. He went on to
analyse flaring of solution gas at oil-field battery sites. “Benzene, styrene, ethynyl
benzene, ethynyl-methyl benzenes, toluene, xylenes, acenaphthalene, biphenyl,
and fluorene were, in most cases, the most abundant compounds found in any of
the emissions examined in the field flare testing.”

LINK 3 PAHs in Water

The World Health Organization (1998) has reviewed PAHs in drinking
water and their effects on health. PAHs found in drinking water were attributed
to coal tar being used to line water pipes. High PAH levels are now being found
in freshwater streams and lakes, pointing to anthropogenic sources. “In aquatic
environments, the PAH concentrations range widely from 0.03 ng/L (seawater;
Southeastern Japan Sea, Japan) to 8,310,000 ng/L (Domestic Wastewater
Treatment Plant, Siloam, South Africa)” Mojiri et al (2019).

Adenijiet al (2018) reviewed the sources and toxicity of PAHs, their common
analytical methods of determination in the water and sediment samples, and also
their global trend of distribution. They have since found individual PAH levels in
water and sediment samples of the Buffalo River Estuary, South Africa ranged
from not detected (ND) to 24.91 ug/L and ND to 7792 ug/kg, respectively.“
Adeniji et al (2019).

In wildfires, “PAHs could be mobilized from these (ash) matrices over the first
year after the fire, possibly leading to aquatic contamination. This finding
suggests wildfires as a diffuse source of PAH contamination to freshwater
systems, which need to be considering in future monitoring/management
programs on the environmental impact of wildfires.” Campos et al (2019).

Chlorination of drinking water can produce chloro-derivatives of PAHs that are



even more potent carcinogens, adding to this health risk. McDonald et al
(2005).

LINK 4 Fracking

Liberation of PAHs by Unconventional Gas Mining.

Unconventional gas mining solubilises large quantities of chemicals from coal
(production water can range between 0.1 megalitres per day (ML/d) and 0.8
ML/d.48 ), and uses large amounts of drilling and fracking chemicals typically
18.500 kg (Lloyd-Smith and Sengen, 2011). “Geogenic contaminants
mobilised from the coal seams during fracking may add to the mixture of
chemicals with the potential to affect both ground and surface water quality”
(Batley et al 2012). Orem et al (2007) identified a wide range of phenols,
biphenyls, heterocyclic compounds, aromatic amines and aliphatic compounds,
typical of those found in coal, in produced water from Wyoming CSG wells. Total
PAHs were measured at levels of 23ug/l1. Individual PAHs ranged from 0.01 to 18

g/l
Fracking chemicals compared to solubilized coal chemicals.

Fracking chemicals include known human carcinogens eg. benzene, and
potentially more potent carcinogens as impurities (Lloyd-Smith and Sengen,
2011). Produced water samples from coalbed natural gas (CBNG) wells in the
Powder River Basin, WY, sampled in 2001 and 2002 by Orem et al 2007,
contained levels of 0.16ug/1 for benzene and 5.4ng/1 for the PAH,
benzo(a)pyrene. Benzene is used as a fracking fluid (United States
Environmental Protection Agency, 2015) but not PAHs. PAHs come from
solubilised coal, shale, or oil, brought up from deep underground. They could
also come from vehicle exhausts on site, but not at these levels.

Using the levels measured in produce water by Orem et al (2007):

Benzene 0.16ug/1

Benzo(a)pyrene 0.0054ug/l1,

the concentration of benzene is 30 times higher than the PAH, Benzyo(a)pyrene.
Using the the relative potencies in causing cancer:

Benzene 0.035/ mg/kg/day (United States Environmental Protection
Agency, 2017) and Benzo(a)pyrene 11.5 mg/kg/day (Schneider et al, 2002),



the relative cancer potencies are (BaP:Benzene 300:1). Taking into account the
concentrations in the produce water (1:30), the cancer risk from BaP in this
produce water would be ten times that of the benzene.

Considering total PAHs, their concentration would be similar to benzene in this
produce water sample, but the cancer risk for PAH mixtures could be up to
14,500 times higher than benzene (World Health Organization, 2010).
Produce water is reused, increasing the PAH content (from solubilised coal or
shale) each time it is used. Benzene is no longer used in fracking fluids due to its
toxicity. So the cancer risks from PAHs released by solubulising coal are likely to
be far greater than the risks from fracking chemicals.

See also PAHs emitted in unconventional gas mining and flaring above.

LINK 5 PAHs are worldwide and underestimated

“PAHs are ubiquitous in the environment and are carcinogenic compounds and
tend to accumulate in food chains due to their low bioavailability and poor
biodegradability”

Wang et al (2018).

Yang et al (2021) have summarised personal exposure, and indoor and
outdoor PM-bound PAH concentrations for different participants, spaces, and
cities worldwide in recent years. They conclude, “the total health effects of PAHs
are typically underestimated. A more effective measure of global health risk
assessment of the exposure to PM-bound PAHs should be developed in the
future.”

The Science — What do PAHs

do?




LINK 6 Environmental Chemicals Cause Cancer

Chemical Carcinogens, Mutagens and Cancer

The process of development of human tumors is complex, (Hanahan and
Weinberg, 2011), but the underlying cause of the process is mutation of DNA.
“Most evidence points to a multi-step process of sequential alterations in several,
often many, oncogenes, tumor-suppressor genes, or microRNA genes in cancer
cells” (Carlo and Croce, 2008).

Carcinogens are classified according to their mode of action as genotoxic or
nongenotoxic carcinogens. Genotoxic carcinogens initiate carcinogenesis by
direct interaction with DNA, resulting in DNA damage or chromosomal
aberrations that can be detected by genotoxicity tests eg. Ames Test (Claxton et
al, 2010). Nongenotoxic carcinogens are agents that, at least initially, indirectly
interact with DNA. These indirect modifications to DNA structure, amount, or
function may result in altered gene expression or signal transduction (OECD,
20060).

A large range of chemical mutagens have been found to cause cancer in animal
models. The most potent mutagens tend to be the most potent carcinogens.
Gold et al (1991)

Environmental Carcinogens

There are many reviews of environmental chemicals causing cancer, Vineis and
Xun (2009), Grant (2009), and World Health Organization(2000).

The effect of carcinogens in mixtures is complex and synergistic effects often
occur. Cancer risks from chemical carcinogens in complex mixtures such as
environmental samples can be much greater than for individual chemicals.
Warshawsky et al (1993)

Cancer takes many years to develop after mutagen exposure

Little (2009) studied cancer in Japanese atomic bomb survivors. “Leukemia
was the first cancer to be associated with atomic-bomb radiation exposure, with
preliminary indications of an excess among the survivors within the first five



years after the bombings. An excess of solid cancers became apparent
approximately ten years after radiation exposure.” So after exposure to
mutagens, Leukemia occurred within the first 5 years, but solid tumours
occurred ten years after radiation exposure in adults.

In children, solid tumours develop earlier. After Chernobyl, increase in thyroid
cancer incidence in children, was reported as early as 4 years after the accident,
particularly in the Gomel area of Belarus. Antonelli et al (1996)

LINK 7 PAHs are by far the most potent environmental

carcinogens

PAHs have the perfect structure to bind to DNA and cause
mutations

Polycyclic Aromatic Hydrocarbons (PAHs) and their derivatives are among the
most potent carcinogens. Having structures that resemble the base pair in DNA,
they can readily enter the hydrophobic centre of DNA, binding strongly
(intercalation) and disrupting DNA function. When they have been activated by
the addition of epoxy or nitro groups, covalent bonding to DNA results, causing
permanent mutation. Lerman (1961) and Ames et al (1972)

The carcinogenic potency of PAHs in air

The World Health Organization (Choi et al, 2010), and United States
Environmental Protection Agency (2017) have determined the
Inhalation Unit Risk for Benzo(a)pyrene, asbestos and benzene. Relative
potency factors have been determined by United States Environmental
Protection Agency (2010). Some of these values are shown in Table 1.



Table 1. Relative Carcinogenic Inhalation Unit Risk

Ratio to benzene Unit Risk per ug/m3 (source)

Benzene 1 6x10° (@ 2.2x10 to7.8x10°° (b)
Benzo[k]fluoranthene 3 (©)

Benz[a]anthracene 20 (0)

Benzo(a)pyrene 100 6x 1074 (b)

Asbestos 1,500 7.7 x 10-3* (a)(b)
Dibenzo[a,l]pyrene 3,000 (©)

Benz[j]aceanthrylene 6,000 (c)

PAH mixtures 14,500 8.7x 10-2 per ug/m3 (a)

*0.1 ng/m3 is equivalent to 3x10-6 f/mL (e)
(a) World Health Organization (2010)
(b) United States Environmental Protection Agency (2017)

(c) United States Environmental Protection Agency (2010)

Yang et al (2021) have summarised the reference data of the 16 PAHs most
studied, and nominated to be of cancer risk in environmental assessments. This
data includes toxicity equivalency factor (TEF) and relative potency factors
(RPF) regarding their cancer risks compared to benzo(a)pyrene (see Table 7).
There are hundreds more PAHs yet to be studied.

Agent Orange compared to PAHs

The adverse health effects of Agent Orange result from traces of dioxin
impurities which are carcinogenic. The main carcinogenic compound, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) has an Oral Cancer Slope Factor (CSF)-1 of
1x10 5 /mg/ kg/day Simon et al (2009). TCDD was a trace (typically 2-3 ppm,
ranging from 50 ppb to 50 ppm), Young et al (1976). Taking a range of 2 ppm
to 50 ppm, the effective Oral Cancer Slope Factor for Agent Orange would be .05
to .25/mg/ kg/day, compared to 1/mg/ kg/day for the PAH, Benzo[a]pyrene
(United States Environmental Protection Agency, 2017) or 11.5/mg/
kg/day for Benzo[a]pyrene in mixtures of PAHs. Schneider et al (2002)



PAHs in smoke cause many different

types of cancer

Cigarette smoking has been shown to cause breast cancer and liver cancer, as
well as lung cancer. Xue et al, 2011, found active smoking, especially smoking
before first birth is associated with a modest increase in the risk of breast cancer
(1.18; 1.10-1.27 for every increase of 20 pack-years).

In a Meta-analysis of epidemiological studies on cigarette smoking and liver
cancer, Lee at el (2009), found that compared with never smokers, the
adjusted mRR for liver cancer was 1.51 [95% confidence interval (CI) 1.37-1.67]
for current smokers and 1.12 (95% CI 0.78—-1.60) for former smokers.

In 2010, an IRAC working group reviewed the carcinogenic risks to humans of
household use of solid fuels. They found increased cancer risk for cancer of the
oral cavity, pharynx and larynx, cancer of the kidney (renal-cell carcinoma) and
salivary glands (IRAC, 2010). Josuya et al, 2015, conducted a meta-analysis of
household air pollution and cancers other than lung. In addition to those
previously mentioned he found increased risk for cervical cancer and
oesophageal cancer.

Sheikh M, et al (2020) found increased oesophageal cancer, HR 1.89 (1.02,
3.50), and gastric cancer HR 1.83 (1.01, 3.31). In China during 2004 to 2008,
tobacco smoking and solid fuel use for cooking were independently associated
with increased risks of liver cancer, with hazard ratios (95% confidence intervals
[CIs]) of 1.28 (1.15-1.42) and 1.25 (1.03-1.52), respectively, Wen et al 2022.

People living in wildfire areas in Canada have been shown to have increased
brain cancer as well as lung cancer Korsiak et al, 2022. Finkel (2016) found
evidence for increased bladder cancer as well as lung cancer, in counties with
shale gas activity where PAHs are liberated into air and water.

Examples of environmental PAHs from different sources causing cancer are
given in the relevant sections below.



LINK 8 PAHs are causing cancer now

Scientists have been aware of the cancer risks from PAHs for some
time.

Chimney sweeps were known to develop cancer of the scrotum. In 1775 an
English physician, Percivall Pott, reported a causal link between cancer of the
scrotum (later found to be squamous cell carcinoma) and soot exposure (Pott,
1775). It was not until 1930 that scrotal cancer in chimney sweeps was linked to
absorption of polycyclic aromatic hydrocarbons from coal tar (Cook et al,
1933). From then studies of PAHs led to the mechanism of DNA adduct
formation and cancer initiation. Lippman et al (2009)

It wasn’t until the 1980s that the U.S. EPA (1982) and the IARC (1987)
classified a number of PAHs as carcinogenic to animals and some PAH-rich
mixtures as carcinogenic to humans. The human classification was based on
increased incidence of cancer in coke-oven workers. In 2010, the World Health
Organization (Choi et al, 2010) determined cancer risk factors for PAH
mixtures in air. “Based on epidemiological data from studies on coke-oven
workers, a unit risk for lung cancer for PAH mixtures is estimated to be 8.7 x
1072 per ng/m3 of B[a] P. This is the guideline for PAH in indoor air. The
corresponding concentrations for lifetime exposure to B[a]P producing excess
lifetime cancer risks of 1/10 000, 1/100 000 and 1/1 000 000 are approximately
1.2, 0.12 and 0.012 ng/m3, respectively.”

Cancer from Cigarette Smoke

PAHs have been shown to be the chemicals in cigarette smoke causing lung
cancer. “PAHs, carcinogenic compounds present in tobacco smoke, induce
mutations in the p53 gene, which is crucial for cell cycle dysregulation and
carcinogenesis.” Vineis et al (2004).

“G to T transversions within the p53 gene have been linked to a molecular
signature of tobacco mutagens (PAH DNA adducts) in smoking-associated lung
cancers for the following reasons:

1) PAHs are a major class of carcinogens in tobacco smoke that produce
predominantly G to T transversions;

2) PAH adducts are present in DNA extracted from human tissues exposed to
tobacco smoke;



3) the frequency of G to T transversions in lung cancers from smokers is
increased relative to the frequency in lung cancers from non-smokers;

4) a nontranscribed strand bias of G to T transversions can be attributed to the
preferential repair of adducts on the transcribed strand. Hainaut et al (2001).

(13

With the 10+ year delay from exposure to PAHs to the development of cancer,
and industry suppressing the science, it took many years to convince
governments that PAHs in cigarette smoke were causing cancer. Bero (2005)
and Brandt (2012). have described the manipulation of research by the
tobacco industry.

According to the International Agency for Research on Cancer Working Group,
there is now “sufficient” evidence of tobacco smoking causing increased cancer of
the lung (15 to 30 times that of non-smokers) urinary tract (3 times) and upper
aero-digestive tract (1.5 to 4 times). See table 2, Vineis et al (2004).

LINK 9 Cancer from industrial PAHs

By 1996, there were many epidemiological studies reporting direct evidence of
the carcinogenic effects of PAHs in occupationally-exposed subjects. “Risks of
lung and bladder cancer were dose dependent when PAHs were measured
quantitatively and truly non-exposed groups were chosen for comparison”
Mastrangelo et al (1996). This paper stated that “safe levels” needed to be
reduced. “These new findings suggest that the current threshold limit value of
0.2 mg/m3 of benzene soluble matter (which indicates PAH exposure) is
unacceptable because, after 40 years of exposure, it involves a relative risk of 1.2-
1.4 for lung cancer and 2.2 for bladder cancer.”

Garcia-Perez et al (2009) studied mortality due to lung, laryngeal, and
bladder cancer in towns in Spain lying in the vicinity of industrial combustion
installations. “Lung cancer displayed excess mortality for all types of fuel used,
whereas in laryngeal and bladder cancer, the excess was associated with coal-
fired industries. There was a risk gradient effect in the proximity of a number of
installations.“

Petit et al (2019) in a study of 93 exposure groups belonging to 9 industries,
estimated the lung cancer risk for workers exposed to polycyclic aromatic



hydrocarbons in various industries. They found the risk probabilities were
greatest for coke and silicon production; then came the manufacturing of carbon
products and aluminum production; then foundries and combustion processes;
then for the use of lubricating oils and engine exhaust emissions; and least for
bitumen. They concluded, “despite efforts and changes that had been made to
decrease risks, PAHs remain a sanitary threat for people exposed to these
pollutants in occupational environments.”

LINK 10 Cancer from domestic burning of wood and

coal

Almost 3 billion people worldwide rely on fuels such as wood, coal, crop waste,
animal dung, or charcoal for cooking and heating. (World Health
Organization 2018). They are exposed to indoor PAH emissions daily, when
these fuels are burnt, usually in inefficient stoves. In a meta-analysis of 476
studies (15-5 million participants) from 123 nations (80% of which were
classified as low income and middle income) Lee et al (2020) found household
air pollution was positively associated with lung cancer mortality (Relative Risk
1:69, 95% CI 1-44—1-98). Household air pollution was associated with 1-8 million
(95% CI 1-1—2-7) deaths and 60-9 million (34-6—93-3) DALYs in 2017, with the
burden overwhelmingly experienced in low-income and middle-income
countries. (The disability-adjusted life year (DALY) is the number of years lost
due to ill-health, disability or early death).

The relative risk for lung cancer associated with household coal use is even
higher, “odds ratio (OR) = 2.15; 95% confidence interval (CI) = 1.61-2.89”,
Hosgood et al (2011), in line with higher PAH emissions. “Stratification by
regions of mainland China and Taiwan found a variation in effects across the
regions, with south/southeastern (OR = 3.27; 95% CI = 1.27-8.42, N(studies) =
3) and southwestern China (OR = 2.98; 95% CI = 1.18-7.53, N(studies) = 3)
experiencing the highest risk.” These regions have coal with higher PAHs
compared the the coal used in other regions.

“Lung cancer rates among men and particularly among women, almost all of
whom are non-smokers, in Xuan Wei County, China are among the highest in
China and have been causally associated with exposure to indoor smoky coal
emissions that contain very high levels of polycyclic aromatic hydrocarbons
(PAHSs).“ Lan et al (2004) found SNPs in the oxidative stress-related genes



AKR1C3 and OGG1 were associated with increased risk of lung cancer, indicating
genes that activate PAHs play a role in the pathogenesis of lung cancer in this
population.

LINK 11 Cancer from fossil fuel mining

Increased cancer near mining from coal mining USA and China.

Environmental exposures related to the coal-mining industry could contribute to
the high incidence of lung cancer in southeastern Kentucky, Christian et al
(2011). They identified three clusters of counties with higher-than-expected
rates (of lung cancer). Cluster 1 (relative risk [RR] = 1.21, p<0.01) included 12
counties in southeastern Kentucky. Cluster 2 (RR=1.17, p<0.01) included three
nearby counties in the same region. Several of the 15 counties in Cluster 3
(RR=1.04, p=0.01) were part of the Louisville, Kentucky, or Cincinnati, Ohio,
metropolitan areas. All of the counties in Clusters 1 and 2 produced significant
amounts of coal.

Hosgood et al (2012) found increased lung cancer among coal miners in
Xuanwei, China. “We observed an increased risk of lung cancer among coal
miners (OR = 2.7; 95%CI = 1.3-5.6) compared to non-coal miners. Further, a
dose-response relationship was observed for the risk of lung cancer and the
number of years working as a coal miner (P(trend) = 0.02), with those working
as miners for more than 10 years experiencing an almost fourfold increased risk
(OR = 3.8; 95%CI = 1.4-10.3) compared to non-coal miners.”

Cancer attributed to Unconventional Gas Development in USA

From measurements of air-borne PAHs in the vicinity of unconventional gas
wells, McKenzie et al (2012), have estimated nearly double the cancer risk
from chemical exposure for Colorado residents living less than half a mile form
gas wells compared to those living greater than half a mile away. Finkel (2016)
found evidence for increased bladder cancer in data from the Pennsylvania
Cancer Registry. The observed number of urinary bladder cases was higher than
expected in both sexes in counties with shale gas activity. The increase correlated
with the number of producing wells; “in counties with the fewest number of
producing wells, the increase was essentially non-existent.*



Other studies have been clouded by industry funded publications.

LINK 12 Increased neoplasms in Queensland children

in coal mining and CSG areas

Werner et al (2018) analysed child and adolescent hospital admission rates in
Queensland and compared a coal seam gas area (CSG), a coal mining area (CHI)
and a control area (RLI — no mining). “Adjustment for covariates revealed a 95%
increase per year in ‘Neoplasms’ admission rates in the CSG area relative to the
RLI area.” This needs further study, but indicates that childhood cancer could be
nearly doubled in the CSG area. “The CHI area also showed an increase of 94%
per year relative to the RLI area.” This data points to a carcinogen liberated by
both CSG and open-cut coal mining; PAH’s are a prime contender. This needs
further study, and follow-up data is available.

LINK 13 Cancer from Wildfires

Increased PAH exposure in firefighters

In a UK study, Stec et al (2018) measured PAHs on working firefighters. “PAH
carcinogens including benzo[a]pyrene (B[a]P), 3-MCA, and 7,12-
dimethylbenz[a]anthracene PAHs were determined on body surfaces (eg. hands,
throat), on PPE including helmets and clothing, and on work surfaces. The main
exposure route would appear to be via skin absorption. Cancer slope factors,
used to estimate cancer risk, indicate a markedly elevated risk. These results
suggest an urgent need to monitor exposures to firefighters in their occupational
setting and conduct long-term follow-up regarding their health status.”

Firefighters exposed to PAHs from firefighting activities and smoking, have
increased levels of urinary monohydroxyl-polycyclic aromatic hydrocarbons
(OHPAHS). In a study of wildland firefighters, Olivera et al (2017) found
“Regular consumption of tobacco increased 76-412% > OH-PAHs. Fire combat
activities promoted significant increments of 158-551% > OH-PAHs. 20HFlu was
the most affected compound by firefighting activities (111-1068%), while
10HNaph+10HAce presented the more pronounced increments due to tobacco



consumption (22-339%).” This suggests urinary levels of these biomarkers could
be useful for the surveillance of firefighters’ health and to better estimate the
potential short-term health risks of diseases related to PAH exposure.

Increased risk of Lung Cancer in firefighters

Navarro et al (2019) estimated the relative risk of lung cancer from PAHs
using existing PM, ; exposure-response relationships. They measured PM,
concentrations from smoke and breathing rates from wildland firefighter field
studies across different exposure scenarios. “Across all exposure scenarios (49
and 98 fire days per year) and career durations (5-25 years), we estimated that
wildland firefighters were at an increased risk of lung cancer (8 percent to 43
percent).”

Many studies have found evidence of increased cancer in firefighters, compared
to the normal population. Two recent meta-analyses of the data, found that
several types of cancer are more frequent in firefighters than in the general
population. Soteriades E S et al (2019) have found “statistically significant
associations between firefighting and cancers of bladder, brain and CNS,
colorectal cancers, non-Hodgkin’s lymphoma, skin melanoma, prostate, and
testicular cancer.” Laroche et al (2021) reported “a significant increase in the
incidence of rectal, prostate, bladder, and testicular cancers as well as
mesothelioma and malignant melanoma in firefighters compared to the general
population.”

Glass et al (2017) looked at mortality and cancer incidence among male
volunteer Australian firefighters (wildfire fighters). “Prostate cancer incidence
was increased compared with the general population, but this was not related to
the number of incidents attended. Kidney cancer was associated with increased
attendance at fires, particularly structural fires. The overall risk of mortality was
significantly decreased, and all major causes of death were significantly reduced
for volunteer firefighters. Compared with the general population, there were
significant decreases in overall cancer incidence and in most major cancer
categories. Volunteer firefighters have a reduced risk of mortality and cancer
incidence compared with the general population, which is likely to be a result of
a ‘healthy-volunteer’ effect and, perhaps, lower smoking rates.”

Studies of urinary levels of OHPAHSs are needed in wildfire fighters and people
exposed to to bushfire smoke during mega fires to determine PAH exposure and
cancer risk from this exposure. Follow-up studies are needed in 15 years time to
ascertain the levels of cancer from mega fires.



Increased cancer in the general poulation living in wildfire areas.

A recent Canadian study (Korsiak et al, 2022) utilised data from more than 2
million people followed up for a median of 20 years. “Wildfire exposure was
associated with slightly increased incidence of lung cancer and brain tumours.
For example, cohort members exposed to a wildfire within 50 km of residential
locations in the past 10 years had a 4-9% relatively higher incidence (adjusted
hazard ratio [HR] 1-049, 95% CI 1-028-1-071) of lung cancer than unexposed
populations, and a 10% relatively higher incidence (adjusted HR 1-100, 1-026-
1-179) of brain tumours. Similar associations were observed for the 20 km buffer
size. Wildfires were not associated with haematological cancers in this study, and
concentration-response trends were not readily apparent when area burned was
modelled as a continuous variable.”ancer in the general poulation living in
wildfire areas.

As solid tumours appear more than 10 years after initiation by mutagens (Little,
2009) exposure up to 10 years may give a gross underestimate of long term
cancer incidence. Analysis of people exposed in the last 20 yrs is needed to
ascertain the long term incidence of cancer after exposure to wildfire smoke.

Consideration also needs to be given for the escalation of Wildfires since 2015,
increasing the incidence of cancer beyond what is indicated by the analysis of
(Korsiak et al, 2022).

Global cancer cases attributed to Pahs

Global cancer case numbers are from Bray et al 2024. This article presents
global cancer statistics for the year 2022 based on updated estimates from the
International Agency for Research on Cancer (IARC).

Most lung cancer from smoking can be attributed to PAHs. DNA adduct studies
show NNK and PAHs, the main mutagens in cigarette smoke, both cause
mutations that could lead to lung cancer. However, “the distribution of G to T
transversions in lung cancer is consistent with the adduct spectrum and precise
mutational specificity of PAH compounds” Pfeifer et al 2002.

World Health Organization (2024) estimates there were 4.2 million deaths
from household air pollution in 20, and 6% (190,000) were lung cancer. Lee et al



(2020) found in 2017 household air pollution was associated with 1-8 million
(95% CI 1-1—2-7) deaths. Using the value of 6% being lung cancer, this amounts
to 108,000 deaths from lung cancer, mostly attributable to PAHs.

Ambient (outdoor) air pollution is estimated to have caused 4.2 million
premature deaths worldwide in 2019, and 4% of deaths (168,000) were due to
lung cancers, World Health Organization (2024).

The number of cases of lung cancer attributable to PAHs in cigarette smoke
(1,703,000) will include those also exposed to ambient, household and industrial
smoke. For non-smokers, the number of lung cancer cases from these sources is
likely to be at least 23,000 (50% of non-smoker lung cancer). So the total
number of cases each year for lung cancer from PAHs in smoke would be
1,726,000.

For evidence of other types of cancer from PAHs in smoke and PAHs in
barbequed and smoked food please see the relevant sections.

Cancer from PFAS

Exposure of Mid-Ohio Valley residents to PFOA in drinking water due to
chemical plant emissions, was associated with kidney and testicular cancer,
Barry et al, 2013. Vieira et al, 2013, investigated the relationship between
PFOA exposure and cancer among residents living near the DuPont Teflon-
manufacturing plant in Parkersburg, West Virginia. Their results suggest that
higher PFOA serum levels may be associated with testicular, kidney, prostate,
and ovarian cancers and non-Hodgkin lymphoma.

Law et al 2023, found higher rates of laryngeal cancer, lung cancer, and
prostate cancer, in Australian communities with PFAS environmental
contamination associated with firefighting foams.

14 Future cancer from wildfires in Australia

“The PM 2.5 levels in Sydney during the 2019-20 bushfire season spiked to



extremely high levels; with the hourly readings reaching up to 600 (ug/m3)
and 800 for parts of the city (see Figure 1.5). And parts of regional NSW had
significantly worse readings (see Figure 1.6). For example, Goulburn’s hourly
reading at one point in early 2020 went over PM 2.5 levels of 2,000.” Duckett
et al (2020).

Muller and Muller (2015) have estimated “the average person in China, who
typically breathes 52 ng/m3 of air pollution, is receiving a health impact
equivalent to smoking 2.4 cigarettes per day”. Using these values, a PM 2.5 value
of 400 pug/ma3 is equivalent to smoking 18.46 cigarettes per day.
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