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ABSTRACT
Ambient air pollution is a well established cause of lung cancer. According to a 2016 World Health 
Organization report on air quality in cities around the world, 33 of the 50 most polluted cities in Europe 
are in Poland. Moreover, lung cancer is the leading cause of cancer death in Poland. However, there are 
a number of challenges to understanding the extent of the health burden resulting from high pollution 
levels in Poland. Challenges include the long lag time between exposure and disease, the difficulties of 
assessing actual exposure for individuals, limited availability of historical pollution data, and a reliance 
on risk data from mostly high income countries with different exposure conditions. Additionally, the 
strong influence of tobacco smoking on lung cancer trends in Poland makes it difficult to isolate the 
impact of air pollution from other risk factors. Research to date on air pollution and lung cancer in 
Poland has been limited. Some innovative studies have been conducted in the industrial region of Silesia 
using molecular markers of DNA damage to demonstrate the biological impact of pollution exposure. 
Additionally, case control studies and secondary data analyses have provided further documentation of 
an association between pollution exposure and lung cancer in Poland. However, there is a need for more 
comprehensive monitoring of air pollution exposure and health effects to be able to assess the cancer 
burden of air pollution exposure in Poland.
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Poland’s urban air quality is among the worst in the 
European Union. According to the 2016 World Health 
Organization Urban Ambient Air Pollution Database, 
33 of the 50 most polluted cities in Europe are in Poland 

[1]. The situation became front page news in early Janu­
ary 2017. Following a  sudden change in weather pat­
terns over Central Europe, temperatures dropped below  
–20o C, leading to increased residential heating use. With 
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calm wind conditions and widespread reliance on old 
coal fired stoves, particular matter pollution levels shot 
up. In some cities in southern Poland, concentrations of 
PM 2.5 (small size particulates) reached extremely high 
levels comparable to peak episodes in Beijing or Delhi, 
including 1600 μg/m3 in Rybnik, 1300 μg/m3 in Zabrze, 
1000 μg/m3 in Gliwice, and 700 μg/m3 in Katowice. Cit­
ies issued smog alerts, provided free public transportation 
and closed schools [2].

However, understanding the extent of the health bur­
den resulting from high pollution levels in Poland is far 
more challenging. The European Environment Agency’s 
2017 “Air Quality in Europe” report estimates there are 
46,000 deaths annually due to air pollution in Poland 
[3]. However, these estimates are based on relatively lim­
ited data, applying relative risk estimates from studies in 
other countries to mortality rates in Poland. While such 
methods are widely accepted for estimation and planning 
purposes, they require numerous assumptions, especial­
ly for estimating cancer risk. Despite a decrease in lung 
cancer incidence since 1990 [4], attributed to reductions 
in cigarette smoking, lung cancer remains the leading 
cause of cancer mortality among both men and women 
in Poland [5]. Moreover, substantial disparities remain in 
lung cancer incidence and mortality; while these differ­
ences are largely attributed to patterns of cigarette smok­
ing, they may also be influenced by other factors, includ­
ing air pollution. Recent reports have even suggested that 
lung cancer mortality in Poland may be increasing among 
nonsmokers [6]. However, to date there has been relatively 
limited study of air pollution exposure and lung cancer in 
Poland. This paper reviews the evidence to date to identify 
gaps and future research needs.  

AIR POLLUTION AND LUNG CANCER
Ambient air pollution is a well-established cause of 

lung cancer [7]. A  2016 IARC monograph concluded 
that there is sufficient evidence that outdoor air pollu­
tion and particulate matter are carcinogenic in humans 
and that outdoor air pollution specifically causes can­
cer of the lung. These conclusions are based on findings 
from several large cohort studies and many case-control 
studies from North America and Europe dating back 
to the 1970s. The American Cancer Prevention Study, 
for example, followed over 500,000 people for over 
20 years. Additionally, the IARC report cited other forms 
of evidence supporting the effects of air pollution on 
cancer. In particular, ambient air pollution contains spe­
cific chemical agents known to cause cancer (including 
arsenic, cadmium, benzene, beryllium, and polycyclic 
aromatic hydrocarbons, such as benzo[a]pyrene), and 
human exposure to outdoor air pollution is associated 
with forms of genetic damage that are predictive of can­
cer in humans. 

However, a  further step is needed to describe the 
strength of the effect of air pollution exposure on can­

cer. In a  recent meta-analysis, Huang and colleagues 
provided such an estimate for the relationship between 
exposure to PM 2.5 and lung cancer incidence and mor­
tality [8]. Using 17 studies from different countries, they 
found a relative risk of 1.11 for each 10 μg/m3 increase 
in exposure to PM2.5; in other words, each 10 μg/m3 
unit increase in PM 2.5 exposure was associated with 
an 11% increase in lung cancer. However, because this 
is a pooled estimate based on multiple studies, the rela­
tive risk may vary across countries with different expo­
sure patterns and competing risks. The authors noted 
that relative risks tended to be higher in studies from 
Asia compared with Europe. Thus, the analysis provides 
a  benchmark for characterizing the magnitude of risk. 
Yet estimating the total burden of lung cancer caused 
by air pollution in a  given country requires additional 
country-specific data. 

AIR POLLUTION IN SILESIA, POLAND
Ten of the most polluted cities in Europe are in the 

region of Silesia in the south of Poland [9]. The area has 
a long history of heavy industrial activity. The extended 
urban area surrounding the city of Katowice is home to 
98% of Poland’s coal production, accompanied by coal 
operated power plants, steel manufacturing, and zinc, 
lead, and silver mining and processing [10]. Historical­
ly, under Soviet influence after World War II, the region 
was promoted as ‘the industrial heart of Poland’ where 
heavy industry and an industrial working class were to 
be the foundations of a new socialist Poland [11].

A  World Bank report from the 1990s authored by 
Josef Leitmann described the situation shortly after 
the end of the communist period in Poland. The report 
described how the Upper Silesian industrial region 
(USIR), home to 10% of the population, accounted for 
nearly 25% of Poland’s GDP and 20% of exports [12]. 
The area had the highest employment rate in the coun­
try, as well as the highest wages, with some 40,000 fac­
tories and manufacturing enterprises. However, the 
report cautioned that “in terms of many quality-of-life 
characteristics (environmental indicators, morbidity, 
mortality), residents of the USIR are among the poor­
est in the country”. The region had the shortest urban 
life expectancy and the highest incidence of premature 
births, genetic birth defects, and spontaneous miscar­
riages in Poland. This situation, Leitmann suggested, 
was the result of an ongoing pattern of neglect; policies 
under communist rule emphasized maximizing output 
but with little investment in long term infrastructure or 
sustainability, including lack of pollution control mea­
sures. Measurements from 1989 recorded average total 
ambient particulate matter levels in the region ranging 
from at 300 μg/m3 (summer) to 450 μg/m3 (winter) [13].

Poland underwent a  dramatic social and econom­
ic transformation in the post-Communist period and 
many industrial facilities were closed during the 1990s. 
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However, the legacy of industrial pollution remains. 
Overall pollutant emissions are much lower than they 
were in 1989, but in some cities the concentrations of 
particular contaminants remain substantially above rec­
ommended levels. Today continued reliance on burning 
of solid fuels, primarily coal and wood, for home heating 
accounts for over half of all particulate matter pollution. 
Geography (hills and valleys that trap pollution) and 
meteorological conditions (high atmospheric pressure 
and lack of wind) conspire to promote the formation of 
smog episodes in Silesia [14]. Recent studies have docu­
mented high levels of air pollutants in Silesia, including 
benzene, heavy metals (cadmium, lead), and fine partic­
ulate matter [15, 16]. Levels of benzo[a]pyrene, a potent 
carcinogen, are especially high due to burning of coal. So 
what impact does this legacy of pollution have for lung 
cancer in Poland? 

LUNG CANCER AND AIR POLLUTION STUDIES 
IN POLAND

Beginning in the 1980s, a few innovative, early studies 
were conducted around air pollution and cancer in Poland 
in collaboration with US investigators. At the time, a new 
field of molecular epidemiology was emerging, moving 
beyond in vitro laboratory studies to directly measure 
genetic damage in human subjects under actual exposure 
conditions [17]. Building on preliminary laboratory stud­
ies [18], epidemiologist Frederica Perera at Columbia 
University and a  multi-disciplinary team of researchers 
at the Institute of Oncology in Gliwice employed a bat­
tery of biological markers to measure molecular and 
genetic damage in blood samples from residents of Silesia 
compared to those living in a rural, less polluted area of 
Poland. The results indicated that pollution exposure was 
associated with significant increases in carcinogen-DNA 
adducts, in sister chromatid exchange, and in chromo­
somal aberrations, all markers of genetic damage relevant 
to cancer risk [19]. Indeed, levels of pollution-related 
DNA adducts (binding of chemical molecules to DNA) 
were two to three times higher among residents of Sile­
sia compared with rural controls. Moreover, the adduct 
levels in urban Silesian residents were similar to those 
seen in coke oven workers in the same region, suggest­
ing that ambient pollution exposures were comparable to 
occupational exposure levels [20]. Seasonal differences in 
biomarkers were also observed, with higher adduct levels 
in winter when pollution levels are high due to burning 
coal for heat [21-23].

Since the 1980s, there have been several epidemiolog­
ic studies of air pollution and lung cancer in Silesia and 
Krakow, where lung cancer rates were known to be high 
[24], though these studies have yielded mixed results. The 
first study, a retrospective case-control survey of around 
1100 lung cancer deaths (mostly male, along with con­
trols) in Krakow over a six-year period (1980-1985), col­
lected information on occupation, smoking habits, and 

residence from next of kin and matched that information 
with local air quality monitoring data for particulate mat­
ter and sulphur dioxide. Smoking status had the strongest 
influence on lung cancer risk, followed by occupational 
exposure in the iron and steel industries. But ambient 
air pollution exposure also showed a relative risk of 1.48 
for those living in the highest exposure areas. The effect 
was seen only for men, suggesting a possible combined 
effect of smoking and occupational exposure. Indeed, for 
those in the combined exposure categories, exposure to 
multiple risk factors appeared to confer a multiplicative 
level of risk [25]. Another study of 600 male lung cancer 
patients and controls treated at the Institute of Oncology 
in Gliwice between 1987-1989 compared those living in 
three different areas of Upper Silesia with varying pollu­
tion levels. They found the relative risk of lung cancer was  
2.5 times greater for those in the highest pollution area 
compared with the lowest when controlling for smoking 
and occupation. Interestingly, they also compared those 
who were native to the region with those who had immi­
grated to the region, finding a  stronger pollution effect 
among natives who presumably experienced similar 
exposure patterns over their entire lifetime [26].

However, a later study including 600 cancer patients 
and controls diagnosed in Krakow from 1992-1994 failed 
to find an effect. Classification of exposure to air pollu­
tion was based on particular matter and sulphur diox­
ide data (from 1973 to 1980) from existing monitoring 
stations. Risk of lung cancer increased significantly with 
number of pack-years of cigarette smoking (OR = 18.7 for 
more than 40 pack-years) and was also associated with 
occupational exposure. But no effect on lung cancer risk 
was seen for air pollution [27].

Other recent studies have looked at ambient air 
pollution and cancer incidence or overall mortality in 
Silesia, using existing data to investigate patterns at the 
aggregate level by subregion. For example, one study 
compared lung cancer morbidity and pollutant levels 
among 5 localities and 8 provinces within Silesia using 
data from the Silesian Cancer Registry and existing air 
quality monitoring stations. They found an association, 
among males only, between higher PM10 and benzo[a]
pyrene levels and increased lung cancer morbidity [28]. 
Another recent study looked at associations between 
long term air pollution exposure and length of life across 
19 cities in the Silesian urban agglomeration, an area 
with over 3.5 million inhabitants. Residents of those cit­
ies with historically higher levels of PM10 and benzo[a]
pyrene tended to die at younger ages [29]. These find­
ings are noteworthy for providing direct evidence of the 
impact of air pollution in Poland, though the evidence 
base here remains limited. 

CHALLENGES OF ESTIMATING THE BURDEN
Several studies have attempted to estimate the mortali­

ty burden due to air pollution in Poland [30, 31]. However, 
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while there is sufficient evidence that ambient air pollu­
tion causes lung cancer, estimating the size of the risk and 
the total cancer burden due to air pollution in a specific 
population or country is much more difficult. First, there 
is a long lag time, measured in years or decades, between 
exposure and cancer incidence or mortality, which makes 
it difficult to tie trends in cancer statistics to changes in air 
pollution levels or other risk factors. Historical air pollu­
tion data is very limited so that it is difficult to estimate 
exposure dating back twenty or thirty years. In contrast, it 
is easier to attribute changes in short term disease effects 
(such as hospital admissions for respiratory or cardiovas­
cular disease) to air pollution patterns. For example, one 
hospital in Warsaw during the smog episode in January 
2017 reported an increase in hospital admissions for asth­
ma and COPD of more than two times over the previous 
January [32]. Second, it is difficult to measure actual air 
pollution exposure for an individual or population, as 
exposure is influenced not only by place of residence, but 
other factors such as time spent outdoors, time spent at 
work versus home or traveling, and daily activities. Addi­
tionally, air quality and pollution exposure tend to vary 
over time with economic trends, seasonal changes, or 
weather conditions. Sources and characteristics of pollu­
tion may also vary by region, which may have implica­
tions for health impact. In comparison, tobacco smoke 
exposure can be estimated more consistently based on the 
number of cigarettes a person smokes per day [33]. Third, 
most studies of ambient air pollution and lung cancer 
come from countries, such as the US and Western Europe, 
with relatively low exposure levels, which may not corre­
spond in a linear manner to high exposure areas. Fourth, 
it is important to be able to separate the impact of other 
competing exposures including cigarette smoking and 
occupational exposure and potential synergistic effects 
of combined exposures, which requires having individual 
level data on smoking and occupational exposure along 
with pollution exposure. 

Using relative risks from US studies, Badyda and 
colleagues estimated the attributable fraction of lung 
cancer due to ambient air pollution (PM2.5) exposure 
to range from 20% to over 40% in the 11 largest Polish 
cities in the years 2006-2011 [34]. Mean annual concen­
tration of PM2.5 varied from 14.3 to 52.5 μg/m3, based 
on official monitoring stations. The lowest concentra­
tion was observed in cities of eastern (Bialystok, Lub­
lin) and northern Poland (Gdansk, Szczecin), where the 
density of emission sources is lower and there are bet­
ter climatic conditions for dispersion of air pollutants.  
The highest concentrations occurred in cities in the cen­
tral and southern regions (Warsaw, Krakow, and Lodz), 
and these cities were estimated to have the greatest num­
ber of PM2.5-attributable deaths. The authors noted 
several key limitations to their study, including limited 
air quality data, reliance on relative risks derived from 
North American epidemiologic studies, and lack of data 

on influence of other factors, such tobacco use. Thus, 
substantial uncertainty remains around these estimates.

Lung cancer mortality trends in Poland have under­
gone substantial change over the past half century. 
However, these trends appear to be largely explained 
by changes in cigarette smoking [35, 36]. Lung cancer 
mortality tripled among men aged 35-54 between 1960 
and the 1980s, but then between 1990 and 2015 fell back 
to almost the level it had been in 1960. Among women 
in the same age group, lung cancer mortality rose until 
2000 and since then has begun to fall, though not as dra­
matically as for men. The decrease among men is more 
dramatic, likely because their levels of smoking increased 
earlier and reached a higher peak compared with wom­
en. Tobacco consumption in Poland began to decrease 
during the economic crisis of the 1980s and continued 
with tobacco control efforts in the 1990s [37]. Broad geo­
graphic trends can also be seen in Poland, with higher 
lung cancer mortality in the north and west of Poland 
where cigarette smoking has been higher compared with 
the east [38]. In contrast, ambient air pollution levels 
have historically been highest in the south where lung 
cancer mortality is lower. Overall, the rise and fall of 
lung cancer mortality and divergence between men and 
women and geographic regions support the conclusion 
that cigarette smoking has been the primary driver of 
overall lung cancer trends in Poland.

Overall, the dominant influence of cigarette smoking 
on lung cancer largely obscures any role for air pollution. 
Nevertheless, given the ongoing high pollution levels in 
Poland and the established role of air pollution as a cause 
of lung cancer, it can be presumed that ambient air pol­
lution does account for some portion of lung cancer in 
Poland, possibly in combination with cigarette smoking 
and occupational exposures. But, unfortunately, the nec­
essary data sources and studies to estimate the size of this 
burden are lacking in Poland. Addressing the following 
gaps could provide for more in depth assessment of the 
burden of air pollution on lung cancer in Poland: 
•	 Epidemiologic studies: Due to the lack of epidemio­

logic studies in Poland, estimates of the impact of air 
pollution on lung cancer have relied on relative risks 
from studies from other parts of the world, where 
exposure conditions may be different. There have 
been no prospective cohort studies of air pollution 
exposure with cancer outcomes in Poland. One cohort 
study conducted in Krakow, led by Frederica Perera, 
has measured maternal exposure to specific pollutants 
and child health outcomes, including cognitive dys­
function [39]. A few case control studies and ecologic 
studies using existing datasets exist in the literature, 
as described above, but findings are inconsistent and 
have substantial limitations due to the challenges in 
estimating historical exposure.  Given that much of 
the existing epidemiologic research on cancer risks of 
air pollution comes from the US and Western Europe, 
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where pollution levels are generally lower than in 
Poland and sources and characteristics of pollution 
may differ, conducting epidemiologic cohort studies 
in Poland would add substantial value to the evidence 
base. 

•	 Air quality monitoring: The number of official air 
quality monitoring stations in Poland has increased in 
the years since Poland joined the European Union [40]. 
However, the number of measuring stations remains 
limited mostly to major cities and large areas of the 
country are not covered. While the lack of historical 
data cannot be corrected retroactively, increasing cov­
erage of the monitoring network would be an import­
ant resource for future studies. For example, a  recent 
US analysis was able to demonstrate an association 
between air pollution and lung cancer mortality at the 
county level, largely because of the availability of local 
data [41]. One promising avenue is the development of 
inexpensive technologies and mobile apps to increase 
air quality data collection and availability [42].

Air pollution is a  serious and preventable cause of 
lung cancer, and especially important to address in plac­
es where air pollution remains high, such as Poland.  
The explosion in public awareness and concern over air 
pollution in Poland over the past year has given a sense 
of urgency to the problem. Yet in order to address the 
issue in a comprehensive way, and to measure the impact 
of any future interventions, ongoing monitoring and fur­
ther research efforts are critically needed. 
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