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Abstract
Policies can influence health of a population in various ways. Numerous epidemiological studies supported by toxicologi-
cal investigations demonstrate a positive association between ambient concentrations of airborne particulate matter and 
increased adverse cardio-respiratory events, including morbidity and mortality. The aim of this paper was to present the 
concept of the top-down health policy risk assessment approach model developed to estimate the expected health risk 
reduction associated with policy aiming at attaining the new particulate matter ≤ 10 μm in diameter (PM10) standards in 
Poland. The top-down approach guides the analysis of causal chains from the policy to health outcomes. In this case study 
we tried to estimate the predicted health effects of the policy change over the past 20 years. Since Polish annual standard 
for PM10 changed from 50 μg/m3 in 1990 to 40 μg/m3 in 2010, we calculated the relative risk associated with decreasing PM10 
in diameter to 10 μg/m3 in the annual level of PM10 for 6 adverse health effects. The relative risk slightly decreased for al-
most all adverse health effects, which means that the relative decrease in the incidence of health effects from the baseline 
incidence should range from about 0.5–0.6% for heart disease admissions to > 1% for respiratory admissions. The obtained 
results indicate that implementation of the new ambient air standards could influence improvement of the health status of 
Polish population. A top-down policy health risk assessment model can be one of the main tools in this process, providing 
harmonized guidance how to seek evidence-based information, which could serve policy-makers.
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Premature deaths from all causes, including cardiopul-
monary deaths and lung-cancer deaths, could be pre-
vented annually if long-term exposure to particulate mat-
ter (PM) ≤ 10 μm in diameter levels was reduced, even 
by very small and achievable amounts [20,21]. The Apheis 
(Air Pollution and Health: a European Information Sys-
tem) stu dy [21] assumes that, due to the reduction in total 
mortality, the potential gain in life expectancy of a 30-year-
old person would range from 1 month to more than 2 years 
if the annual mean of converted PM2.5 would not ex-
ceed 15 μg/m3. It is important to note, though, that such 
a benefit may be achieved only much later than expected.
Therefore, consistent implementation of a range of 
policies could lead to significant reductions in popula-
tion exposure and associated health impacts. Despite 
insufficient knowledge on the exposure-effect relation-
ships between particles with an aerodynamic diam-
eter (d) ≤ 10 μm (PM10) and human health, PM10 stan-
dards have been developed. In 1987 in the WHO guide-
lines [22], the recommended level, below which health 
effects were unlikely to occur (around 100 μg×m−3 an-
nual mean for both smoke and sulphur dioxide), was set 
and a safety factor of 2 was applied. 
It should be stated, however, that the World Health Or-
ganization concluded that health risks are present at any 
level of particles. This conclusion has been absolutely 
fundamental and has strongly influenced the philosophy 
of the policy of airborne particles in the context of their 
impact on human health. Beginning with the 2nd revision 
of the WHO guidelines for particulate matter in 2000 [23], 
and continuing with the most recent ones [24], the con-
cept of no observed effect level was abandoned in favor of 
a model in which no threshold of adverse effects within the 
usual ambient range was assumed [25]. Under this con-
cept, the recommended value of particulates concentra-
tion, while set at a level that gave reasonable protection 
for public health, was higher than that at which the effect 
could be observed. 

INTRODUCTION
Policies on air quality and its impact on health consti-
tute major environmental health issues. According to 
the World Health Organization (WHO), environment 
is estimated to account for almost 20% of all deaths in 
the WHO European Region [1]. There are many air pol-
lutants that are important from the health point of view, 
such as: suspended particulate matters, sulphur dioxide, 
nitrogen dioxides, ammonia, carbon monoxide, ozone, 
polycyclic aromatic hydrocarbons and others. 
Generally, adverse health effects related to exposure 
to air pollutants are connected with the dose, although 
the dose-effect relationship is often complicated in 
character. On the other hand, the amount/dose of the 
absorbed pollutants depends mainly on their concentra-
tions and duration of exposure. Therefore, it should be 
concluded that for an individual population exposed to 
a specific air pollutant its concentration in the air is one 
of the key factors being responsible for the occurring 
adverse health effects.
For this reason establishing some scientifically document-
ed limits/standards of concentration levels, which could be 
accepted from the health point of view, seems to be a very 
rational action in the environmental health monitoring. 
Among air pollutants, airborne particles play a special 
role, in terms of health impact, since they can be carriers 
of other toxic, carcinogenic or allergic substances.
Various investigations identify key health outcomes 
to be consistently associated with airborne particulate 
matter. Numerous epidemiological studies, supported 
by toxicological investigations, demonstrate a posi-
tive association between ambient concentrations of 
airborne particulate matter and increased adverse re-
spiratory and cardiovascular events [2–4], including 
morbidity and mortality [5–14]. Also exposure during 
the last month of pregnancy can contribute to the risk 
of lower birth weight and the risk of preterm birth in 
infants [15–19].
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air pollution and health statistics were studied for the 
period 1980–2010.
The top-down risk assessment approach follows a logi-
cal structure, which starts with the selection of a concrete 
policy, followed by a description of wider determinants 
of health influenced by the policy and the risk factors 
linked to these determinants of health. As a final step, 
health outcomes related to the selected risk factors are 
identified. Using this model should allow quantifica-
tion of health outcomes from an existing or a new policy 
through its implications on health determinants and as-
sociated risk factors, and provide decision-makers with 
practical information on the expected changes of health 
outcomes. This approach guides the analysis of causal 
chains from the policy to health outcomes. A general 
scheme of such a model is presented in Figure 1. Meth-
odological considerations were pilot tested. The authors 
tried to estimate the predicted/expected health effects of 
the policy change. It is important to notice that the main 
aim of this paper was to develop the assessment mod-
el, not the assessment itself. Development of the “full 
chain” approach model is the key issue here and natu-
rally, the model does not change due to changes in data. 
It is a robust model and can be applied both with older 
and more recent data. The important thing; however, is 
to draw the impact chain across 4 levels.

This shift in thinking was strongly influenced by accumu-
lating results of time-series studies of mortality, which 
tended not to observe a threshold of effect within the 
ambient range [25]. The Agency for Public Health Edu-
cation Accreditation (APHEA) study of 29 European cit-
ies [26] can be one of the examples. Authors of this paper 
have documented that no threshold appeared in the re-
lationship between exposure to PM10 and daily mortality. 
No threshold relationship also applied to the long term 
effects.
Polish experiences provide examples that reveal health ben-
efits following legislation progressively limiting PM levels. 
The implemented policy has led to appreciable lowering of 
pollutant levels. Achievement of this target required imple-
mentation of a range of policy settings and enforcing emis-
sions standards at the beginning of the 1990s.
The objective of this paper is to present the concept of 
the top-down policy risk assessment approach, developed 
to estimate the predicted health risk reduction associated 
with policy aiming at attaining new particulate matter 
standards in Poland. Our consideration refers only to the 
ambient air.
The study was a part of the European Commission’s 
public health research – RAPID (Risk Assessment from 
Policy to Impact Dimension) project [27]. The aim of the 
project was to develop and provide policy makers with 
methodological guide for the assessment of a complex 
impact structure of policies in relation to the health of 
a population [28].

MATERIAL AND METHODS
We performed a study based on a literature review and 
documentation analysis. Epidemiological literature from 
the period 1989–2012 and electronic databases PubMed/
MEDLINE, Embase and CINAHL were searched us-
ing the following keywords: “air pollutants,” “airborne 
particles,” “PM10,” “health hazards,” “health impact as-
sessment.” As documentation, all Polish laws related to 
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deposition of particles was about 600 t/(km2/year). How-
ever, in some areas, for example in Zabrze, even values 
such as 800 t/(km2/year) were reported, i.e., the appropri-
ate standards were significantly exceeded. 
Up until the political and economic changes in Poland in 
the 1980s, all environmental data was confidential. Ac-
cess to these historical materials (reports and papers) is 
now unlimited, but the analysis of the published and un-
published data should be made carefully (even national 
journal papers were typically not reviewed by indepen-
dent reviewers). Historical PM10 data in Poland can-
not be immediately used because the Polish Standard 
for PM10 established in 1984 indicated that the measure-
ments of PM10 level could be carried out by various sam-
plers without any selector of coarse particles. As a result, 
for some years monitoring stations in Poland reported the 
levels of PM10 obtained by various methods and by using 
various samplers, including samplers used earlier for col-
lecting total suspended particles. 
These problems were investigated [37,38], and the reports 
have shown that in Poland it is possible to use the exist-
ing/reported PM concentration data to predict historical 
values of PM10, but only for the selected areas and for 
selected periods during the past 30 years. In addition, it 
should be noted that the PM10/TSP ratio has changed sig-
nificantly along with time. Significant political and eco-
nomic transformation in Poland changed the sources of 
anthropogenic pollution. Emissions of air pollutants from 
the metallurgical, chemical, and coal mining industries 
were reduced in few regions, especially in Upper Silesia. 
Very soon it became clear that it was mostly a reduction of 
emissions of particles that were larger than 10 μm – from 
a technical point of view, it is relatively easy to remove 
coarse particles (especially > 10 μm) from the emitted 
load of pollutants. On the other hand, decreasing emis-
sions of fine particles needs more advanced and costly 
techniques, typically using electrostatic collection of 
particles.

RESULTS
Policy description
General remarks
Air pollution can basically be regulated in various ways [29]: 
by emission standards, by air quality standards and by emis-
sion taxes. The classical, and in principle the soundest way, 
is to limit emissions from a source (1 producer), entire 
country (emission quotas), or even from a sector (for ex-
ample, emission level from heating plants or from power 
stations may be restricted). The pragmatic way is to state 
how much pollution there may be in particular ambient 
air and regulate the dispersion accordingly. The 1st ap-
proach, i.e., establishing emission standards, has been at-
tempted for centuries. The 2nd approach is fairly new, 
being dependent upon more or less sophisticated measure-
ments and computational techniques. In modern practice, 
these 2 approaches work together with rules and regula-
tions for both emissions and concentrations.

Analysis of regulation of air pollution  
from historical perspective in Poland
Polish national standards have been developed according 
to the development of knowledge on health implications 
of inhalation of air pollutants, although with some delay 
comparing to the so-called Western-European countries 
and the USA. Therefore, first, a standard for the dust de-
position together with a standard for concentration of the 
total suspended particles have been established. A short 
review of historical changes of Polish standards for air-
borne particles is contained in Table 1.

Period 1980–1990
The particulate pollution of ambient air has been assessed 
by measuring concentration of the total suspended par-
ticles matter (TSP) and the deposition level [29,31]. The 
standard for the deposition was 250 t/(km2/year) and, 
next, 50 t/(km2/year). In Upper Silesia, the daily values 
of the TSP levels were often 500–1000 μg×m−3, while the 
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not easy because since 1990 the fractionation of the to-
tal suspended particles (TSP) was attempted in Europe 
by measuring airborne particles with an aerodynamic 

Period 1990–2002
Polish legislation has concentrated on implement-
ing the European Union’s standards. This process was 

Table 1. Development of Polish regulations concerning ambient air

Year Established factor Standard value Referred standard
1966 deposition of dust 250 g/(m2/year) and 40 g/(m2/year) for 

protected areas
the Act of 13 September on concentration limits 
of substances in ambient air [30]

1966 PM20 but really TSP* D30 = 600 μg/m3

D30 = 200 μg/m3 for protected areas
the Act of 13 September on concentration limits 
of substances in ambient air [30]

1980 TSP Da = 22 μg/m3 for protected areas 
Da = 11 μg/m3 for the special protected 
areas
D30 = 500 μg/m3 for protected areas 
D30 = 150 μg/m3 for the special 
protected areas 

the Act of 31 November 1980 on ambient air 
protection against pollution [31]

1990 suspended dust, later 
defined as PM10, but in 
reality TSP**

Da = 50 μg/m3 
Da = 40 μg/m3 for the special 
protected areas 
D30 = 280 μg/m3 
D30 = 200 μg/m3 for the special 
protected areas

the Act of 12 February 1990 on air protection 
against pollution [32]

1998 TSP Da = 50 μg/m3 
Da = 40 μg/m3 for health-resort areas 
D30 = 280 μg/m3 
D30 = 250 μg/m3 for health-resort  
areas

the Act of 28 April 1998 on permissible 
concentrations of pollutants in the air [33]

1998 PM10 Da = 50 μg/m3 
Da = 40 μg/m3 for health-resort areas
D30 = 280 μg/m3 
D30 = 250 μg/m3 for health-resort  
areas

the Act of 28 April 1998 on permissible 
concentrations of pollutants in the air [33]

2002, 2003 PM10 Da = 40 μg/m3  

D1 = 280 μg/m3
the Act of 22 June 2002 on admissible levels of 
certain substances, in air, alarm levels of certain 
substances in air and margin of tolerance for 
the maximum levels of certain substances [34]
the Act of 5 December 2003 on values of 
references for certain substances in air [35]

2012 PM2.5 Da = 40 μg/m3 the Act of 24 August 2012 on levels of certain 
substances in air [36]

PM – particulate matter; TSP – total suspended particles.
D30 – maximal accepted concentration level during 30 min, Da – maximal accepted concentration level during a year (annual standard); D1 – maximal 
accepted concentration level during 1 h.
* Although this standard was established for airborne particles smaller than 20 μm, the suggested samplers enabled to collect TSP only.
** Suggested samplers enabled to collect only TSP.
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traffic emissions of particles have become a new impor-
tant source of airborne particles. On the other hand, mu-
nicipal emissions, along with industry, still contribute the 
most to the aerosol particles on Polish territory. There-
fore, the possibility of establishing new emission limits for 
the municipal sources as well as for cars and trucks should 
be considered.

European policy context
Particulate matter exposure reduction targets for the 
sake of protection of human health are included in sev-
eral European Union (EU) documents. In 1999 the Eu-
ropean Commission (EC) included PM10 monitoring and 
limits values in the Air Quality Directive [39] and new 
limit values for several atmospheric pollutants were intro-
duced in 2005, and met by 2010 (a mean PM10 of 40 μg/m3 
for 2005, and 20 μg/m3 in 2010 were the targets to achieve). 
The mass concentration level of PM10 has been established 
as the main parameter used for measuring and controlling 
particulate pollution of ambient air. 
One of the key documents in European environmental 
policy, approved recently, is the EC Directive on ambient 
air quality and cleaner air for Europe [43], which regulates 
ambient air concentrations of pollutants including PM10 
and PM2.5 indicating upper and lower assessment thresh-
olds for PM10 to be achieved in the nearest future by the 
EU Member States. It has been transposed into national 
legislation of all the EU countries. The European Environ-
ment Agency in its reports on air quality in Europe [44,45] 
highlighted that although in Poland the annual PM10 stan-
dard (40 μg×m–3) is still exceeded in many locations, a con-
siderable improvement in the number of exceedances 
of PM10 has been reported over the last years (Table 2).

Determinants of health
Particulate matter regulations implemented in Poland 
over the past 20 years have introduced quality standards 
for ambient air and have reduced the most serious air 

diameter ≤ 10 μm (PM10). A major part of PM10 is of-
ten of a natural origin (sea spray and mineral dust), and 
therefore, it is also important to measure fine parti-
cles, i.e., smaller than 2.5 μm (PM2.5) or even submicrom-
eter particles, PM1 [29].
During this period in Poland, the Ministry for Environ-
mental Protection, Natural Resources and Forests was 
created and the standards for PM10 were established (an-
nual level 50 μg×m−3) [32]. As we highlighted above, 
a significant political and economic transformation in 
Poland changed the sources of anthropogenic pollution. 
For example, total emissions of dust from Polish territory 
decreased from 1950 Gg in 1990 to 470 Gg in 2002 [34,35]. 
Very soon it became clear that it was mostly a reduction 
of emissions of particles larger than 10 μm. Nevertheless, 
rapid decreases in concentration of TSP and the deposi-
tion levels were observed (in Upper Silesia daily levels 
of TSP were less than 100 μg×m−3, while the deposition 
level decreased below 50 t/km2/year).

Recent period: 2002–2012
Polish regulations that were in force up to 1984, applied to 
the total suspended particles (TSP), which resulted in ex-
tremely high limits when compared to the annual and daily 
limiting values established by the Directive for PM10 [39]. 
In 2002 the Polish Ministry of Environment established 
new, standards for PM10: 24-h standard 50 μg×m–3 with ac-
ceptable tolerance of 10 μg×m−3, in 2003 and 5 μg×m−3, 
in 2004, and the annual standard of 40 μg×m−3 with 
acceptable tolerance of 3.2 μg×m−3 in 2003, as well 
as 1.6 μg×m−3 in 2004 [34,35]. New standards established 
in 2008–2010 [40–42] introduced the annual standard 
for PM10 as 40 μg×m−3 without any tolerance.
This work has certainly contributed to a significant im-
provement of air quality in Poland, especially after 1990. 
It should be also noted that significant economic transfor-
mations in Poland during the last 20 years have changed 
the profile of anthropogenic pollution sources, and the 
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pathways as well. However, due to the simplicity reason in 
our assessment, we decided to model only the direct, en-
vironmental determinants of health driven pathway as the 
most likely to be the most powerful pathway.

Risk factors
Air quality includes many different potential hazards, 
which under certain conditions become risk factors in 
relation to the exposed population. Concentrations of 
sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon 
monoxide (CO), other chemicals in the air, as well as their 
mixtures, are all potential risk factors in relation to a given 
population. In this work, we focus on particulate matter.
The relative risk is defined by standard epidemiological 
literature [i.e., 51,52]. Most studies estimating relations 
between PM and adverse health effects assume an expo-
nential concentration – response function [53]. The most 
frequently used measure to express the impact of a risk fac-
tor on health is the relative risk (RR) or odds ratio (OR). 
The relative risk RRΔx associated with the change in ambi-
ent particulate matter (PM) levels Δx, seems to be the best 
parameter for this analysis.

pollutants, and thus, contributed to limiting significant 
negative impact and risks to the health of the population. 
In general, the regulations belong to complex actions with 
an objective to improve health condition of the popula-
tion. By reducing the standard, i.e., the maximum concen-
tration level of a pollutant, any air pollution regulation has 
influence on the environmental determinants of health. 
Yet, health status of a population is influenced by many 
other factors, not only air pollution. 
However, regulations on air pollution affect health in a di-
rect way also through other determinants of health. A reg-
ulation on air pollution standards affects industry and 
technology, which need to change operational processes, 
and to introduce new technologies to minimize emissions. 
This leads to changes in employment and social determi-
nants of health. Another form of an influence is through 
better air quality; if a regulation achieves its objective and 
air becomes clearer this might lead to more people doing 
physical activity, and to a change in behavioral determi-
nants of health. 
A full model of calculating the impact of a change in regu-
lation on health outcomes would require inclusion of these 

Table 2. Development of the European Union legislation related to the limit values of PM10 in ambient air

Year European Commission regulations
1996 Council Directive, Air Quality Framework Directive (96/62/EC) described the basic principles as to how air quality 

should be assessed and managed in the Member States; it listed the pollutants for which air quality standards and 
objectives would be developed and specified in legislation [46]

1997 Council Decision (97/101/EC) establishing a reciprocal exchange of information and data from networks and 
individual stations measuring ambient air pollution within the Member States [47]

1999 Air Quality Directive (1999/30/EC) related to the limit values for PM10 in ambient air, 24-h limit: 50 μg/m3 and fixed 
the annual limit value of 40 μg/m3 to be achieved 1st Jan 2005 and 20 μg/m3 in 2010 [39]

2000, 2002 Directives of the European Parliament and of the Council (2000/69/EC and 2002/3/EC) specified the format and 
content of the Member States’s Annual Report on ambient air quality in their territories [48,49]

2004 Commission Decision (2004/461/EC) laying down a questionnaire for annual reporting on ambient air quality 
assessment [50]

2008 Directive on ambient air quality and cleaner air for Europe (2008/50/EC) for PM10, the exemption from the limit 
value for a 3 year period, ending in June 2011 [43]

PM10 – particulate matter ≤ 10 μm in diameter.

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31996L0062
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31997D0101
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32004D0461
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Combining equations (1) and (4) the following can be 
obtained:

 
� �x

x eRR ��

� �  (5)

Generally, estimates of β can be taken from epidemiological 
literature. We calculated appropriate values of β (Table 3) 
from the weighted averages of the relative risk of respirato-
ry admissions for a 100 μg/m3 increase in PM10 in the ambi-
ent air, published by Schwartz [51]. Data for daily mortality 
was taken from Schwartz [51] and from O’Neill [52].
Since Polish annual standard for PM10 changed from 50 μg/m3 
in 1990 to 40 μg/m3 in 2010, we calculated the relative risk as-
sociated with 10 μg/m3 decrease in the annual level of PM10 
(Table 3). The relative risk associated with a 10 μg/m3 de-
crease in the annual level of PM10 was calculated for 6 ad-
verse health effects: all respiratory admissions, chronic ob-
structive pulmonary disease (COPD), pneumonia admis-
sions, heart failure, dyshrythmia, asthma emergency room 
visits and daily mortality. The relative risk ranged from 0.971 
(asthma emergency room visit) to 0.995 (dysrhytmia) and al-
most 1 (daily mortality). The obtained results indicate that 
implementation of the new Polish standard could result in an 
improvement of the health status of Polish population.

Health outcome
Assuming that the concentration level of PM10 decreases 
according to the change in the Polish standard, the rela-
tive risk slightly decreases for almost all the adverse health 
effects. This means that the relative decrease in the inci-
dence of health effects from the baseline incidence (Δy/yo) 
should range from about 0.5–0.6% for heart disease ad-
missions to more than 1% for respiratory admissions. In 
particular, the decrease in asthma emergency room visits 
reaching almost 3% seems to be significant, but the real 
situation may not be so optimistic due to the growing role 
of other asthma-generating factors. Nevertheless, the rel-
ative decrease in all the health effects, excluding asthma 

The relative risk (RRΔx) is defined as follows:

 oo

x
y

y
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y
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�
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(1)

where:
y – the incidence of a health endpoint of interest at the PM level x,
Δy – describes the change in the incidence of health effects from 
the baseline incidence, yo (the incidence at PM concentration xo, 
attending the appropriate standard) to y (the incidence for PM 
concentration equal to x).

Typically, the relative risk is calculated for the growing 
concentration of airborne particles, which means Δx = x−
xo > 0, therefore Δy > 0, and RRΔx = y/yo > 1. Assuming 
that the concentration level will decrease (Δx < 0), the 
relative risk should be < 1. Such a defined relative risk 
could be a suitable factor for characterization of the vari-
ous scenarios of expected health effects related to the im-
plementation of PM standards.
Most epidemiological studies estimating relations be-
tween PM and adverse health effects assume an ex-
ponential concentration – response function. In this 
model [51]:

 Be xy ��  (2)

where:
β – the coefficient of ambient PM concentration,
B – the incidence at x = 0, that is, when there is no ambient PM.

From equation (2) the difference Δy = y−yo can be 
calculated:

 � � � �� � � �� �1eBeeeBeeBy xxxxxxx oooo ������� ���������

 (3)

Using equation (2) the above equation can be written:
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there are slight differences between various regions in 
Poland. The highest CVD incidence is in the most ur-
ban agglomerations; Upper Silesian region and Łódź, 
where PM standards have been still considerably ex-
ceeded [55]. For example, in Zabrze, Upper Silesia, dur-
ing 2 days on January 2006 concentration of PM10 reached 
the level of 513 μg×m−3  [56]. It is important to note that, as 
a rule, in Poland, residential sources (household coal com-
bustion) are mainly responsible for this situation [57,58]. 
We indicate here the contribution of residential emission 
sources only.
In the population of Polish males in the 2nd half of 
the 20th century, the risk of lung cancer grew most rap-
idly, and this cancer dominated the picture of cancers 
among men. Over the last 2 decades this increase has been 
stopped and reversed. The incidence of lung cancer and 
mortality has grown especially dramatically in the female 
population in the last 2 decades, and in the case of women, 
lung cancer has become cancer number 2 [59].
The respiratory system diseases mortality rate was de-
creasing steadily, but a long decrease ended in 1994, and 
now we observe the same level as at the beginning of 
the 1990s. It is important to notice that the respiratory sys-
tem mortality rate is higher in the countryside than in the 
cities [55]. As regards asthma and allergies, recent studies 

and daily mortality, is 5.2% (summarizing Δy/yo for all 
health effects except of the last 2).
During future studies the updated monitoring data must 
be carefully considered, as it may have impact on the deci-
sion-making and/or subsequent steps in the change in the 
national particulate standards (also for PM2.5). In particu-
lar, their grouping or dividing into several subcategories, 
such as long-term exposure to PM10, additional exposure 
to environmental tobacco smoke (ETS), and atmospheric 
sulphur dioxide may reduce or increase their significance, 
especially, when other non-environmentally related risk 
factors, such as: smoking, alcoholism or immune-suppres-
sion, are considered [54].

DISCUSSION
Polish population health statistics in the period 1990–
2010 reflect a positive trend – a steady decrease in mor-
tality rates, due to cardiovascular disease (CVD) and 
due to respiratory diseases, has been observed over the 
past 20 years. This decrease has many reasons, and it is 
hard to assess how much of the recent fall could be ex-
plained by reductions in major risk factors (life style, envi-
ronmental, health system).
As it was mentioned above, in terms of chronic diseases 
of the lower respiratory tract it is important to note that 

Table 3. Relative risk associated with 10 μg/m3 decrease in the annual level of PM10 in the ambient air

Adverse health effect β
[m3/μg] RRΔx

Δy/yo
[%]

All respiratory admissions 1.22×10−3 0.988 –1.2
COPD 1.74×10−3 0.983 –1.7
Pneumonia admissions 1.22×10−3 0.988 –1.2
Heart failure 0.58×10−3 0.994 –0.6
Dysrhytmia 0.49×10−3 0.995 –0.5
Asthma emergency room visits 2.93×10−3 0.971 –2.9
Daily mortality 0.05×10−3–0.86×10−3 1.000–0.991 ≤ –0.9

COPD – chronic obstructive pulmonary disease; PM10 – particulate matter ≤ 10 μm in diameter; RRΔx – relative risk; Δy/yo – the relative decrease in 
the incidence of health effects from the baseline incidence.
β calculated from Schwartz [51] and O’Neill et al. [52].
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systematize both the assessment process and, even more im-
portantly, the process of putting new regulations on the agen-
da of national legislation. A new regulation always results in 
a chain reaction influencing key determinants of health, risk 
factors and, in the last step, health of a population. As the 
determinants of health are rather at a population and struc-
tural level, policies can carefully plan how, by which means 
and for what funding they will change the status of health 
determinants. Risk factors are often in the reach of individu-
als within a population, so, interventions can be planned both 
at a population and an individual levels.
Another significant issue to discuss is time; realization 
of the impact of policies needs time. Description of the 
probable latency of effects is important information that 
should be considered in the decision-making process. 
There is a latency period between the planning and imple-
mentation of a policy, as well as a lag phase between policy 
implementation and development of health effects.

CONCLUSIONS
Air pollution is an important risk factor for health. In 
the face of environmental problems and resultant health 
outcomes, policy-makers may attempt to adopt a range 
of actions to identify and implement the most effective 
emission reduction measures. Polish case demonstrates 
public health benefits of the update of PM10 limit value. 
If policy can achieve reductions in human exposure, po-
tential health benefits will probably constitute a natural 
consequence.
The presented assessment is substantially simplified; other 
environmental determinants could be also included in the 
model, and other risk factors like smoking, occupational 
risks, diet, physical activity, etc. should be included in the 
risk factor analysis, and relative risk calculations. However 
the aim of this work was to develop and test the chain with 
focus on this simplified impact.
New legislative efforts as a result of political and eco-
nomic transformations have caused PM levels to fall 

show a significant increase in Poland in the incidence of 
both, and the values are similar to those observed in highly 
developed countries, where it is estimated at 20–30%. The 
highest values of allergies (allergic rhinitis) and asthma 
prevalence rates are reported in children urban inhabit-
ants, 25% more than in the rural areas. Although finding 
trends in the prevalence of allergic disorder and respira-
tory symptoms is rather difficult; a study carried out in 
children aged 7–10 has indicated some positive results in 
health status of these children due to the improvement of 
ambient air quality [60].
Potential contribution of environmental risk fac tors in 
cardio-respiratory diseases mortality remains unclear. 
The prevalence of smoking in men and women has also 
dropped considerably over the past 20 years. Changes 
in other lifestyle risk factors (i.e., dietary changes, al-
cohol consumption, physical activity) might also have 
played an important role. Some experts highlight lifestyle 
risk fac tors reduction [61] as the main contribution to 
the CVD fall, others the evidence based treatment (phar-
macotherapy, i.e., statins, coronary angioplasty and angi-
ography) and better rescue system [62].
The most recent research based on modeling study using the 
Improving Mood – Promoting Access to Collaborative Treat-
ment (IMPACT) model explains 37% of the decrease in the 
death rate from coronary heart disease over the past 20 years 
in Poland, as attributable to evidence based medical treat-
ments, and about 54% of the fall as related to the changes in 
the lifestyle risk factors [61]. The same research confirms that 
among the major risk factors 15% of the observed decrease 
in mortality was related to the reduced smoking in men (neg-
ligible in women). Better health outcomes of the population 
have been achieved mainly due to the implementation of 
health promotion programs, effective legislation, more ac-
tive public health policy in CVD prevention and treatment 
in Poland since the beginning of 1990s.
The developed model for assessment of a regulation’s 
population health impact provides a great opportunity to 
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and cardiovascular disease: An update to the scientific 
statement from the American Heart Association. Circula-
tion. 2010;121(21):2331–78, http://dx.doi.org/10.1161/CIR. 
0b013e3181dbece1.

6. Crouse DL, Peters PA, van Donkelaar A, Goldberg MS, Vil-
leneuve PJ, Brion O, et al. Risk of nonaccidental and cardio-
vascular mortality in relation to long-term exposure to low 
concentrations of fine particulate matter: A Canadian nation-
al-level cohort study. Environ Health Perspect. 2012;120(5): 
708–14, http://dx.doi.org/10.1289/ehp.1104049.

7. Ito K, Mathes R, Ross Z, Nádas A, Thurston G, Matte T. 
Fine particulate matter constituents associated with cardio-
vascular hospitalizations and mortality in New York City. 
Environ Health Perspect. 2011;119(4):467–73, http://dx.doi.
org/10.1289/ehp.1002667.

8. Ostro B, Lipsett M, Reynolds P, Goldberg D, Hertz A, Gar-
cia C, et al. Long-term exposure to constituents of fine partic-
ulate air pollution and mortality: Results from the California 
Teachers Study. Environ Health Perspect. 2010;118(3):363–
9, http://dx.doi.org/10.1289/ehp.0901181.

9. De Hartog JJ, Lanki T, Timonen KL, Hoek G, Janssen NA, 
Ibald-Mulli A, et al. Associations between PM2.5 and heart 
rate variability are modified by particle composition and 
beta-blocker use in patients with coronary heart disease. 
Environ Health Perspect. 2009;117(1):105–11, http://dx.doi.
org/10.1289/ehp.11062.

10. Van Ryswyk K, Wheele A, Wallace L, Kearney J, You H, 
Kulka R, et al. Impact of microenvironments and personal 
activities on personal PM2.5 exposures among asthmatic chil-
dren. J Expo Sci Environ Epidemiol. 2014;24:260–8, http://
dx.doi.org/10.1038/jes.2013.20.

11. Kowalska M, Skrzypek M, Danson F, Kasznia-Kocot J. Rela-
tive risk of total and cardiovascular mortality in the elderly 
associated to short-term increases of PM2.5 concentrations 
in ambient air. Pol J Environ Stud. 2012;21(5):1279–85.

12. Kowalska M, Zejda J, Skrzypek M. Short-term effects of 
ambient air pollution on daily mortality. Pol J Environ 
Stud. 2010;19(1):101–5.

substantially over the last years, and the new standards 
seem to be appropriate for the new hierarchy of the 
emission sources. Implementation of more restrictive 
air quality standards has brought along improvement of 
health outcomes, such as attributable number of cardio 
respiratory deaths years.
Effective public health policy needs translating scientific re-
search into policies and practice. Supporting implementa-
tion of national legal instruments to control PM level seems 
very important from the public health policy point of view 
as also providing guidelines and evidence. Besides, the issue 
of exposure and health inequalities in relation to ambient 
air quality requires a broad, cross-sectoral and multisec-
tor engagement. A top-down policy health risk assessment 
model can be one of the main tools in this process, provid-
ing harmonized guidance how to seek an evidence-based 
information, which could serve policy-makers and also be 
accessible by the media and the general public.

REFERENCES

1. World Health Organization. Environmental indicator re-
port. Copenhagen: WHO European Environment Agen-
cy; 2012 [cited 2013 Dec 19]. Available from: http://www.eea.
europa.eu/publications/environmental-indicator-report-2012.

2. Davidson CI, Phalen RF, Solomon PA. Airborne par-
ticulate matter and human health: A review. Aerosol Sci  
Technol. 2005;39:737–49, http://dx.doi.org/10.1080/02786820 
500191348.

3. Rückerl R, Schneider A, Breitner S, Cyrys J, Peters A. Health 
effects of particulate air pollution: A review of epidemiologi-
cal evidence. Inhal Toxicol. 2011;23(10):555–92, http://dx.doi.
org/10.3109/08958378.2011.593587.

4. Ostro B, Roth L, Malig B, Marty M. The effects of fine par-
ticle components on respiratory hospital admissions in chil-
dren. Environ Health Perspect. 2009;117(3):475–80, http://
dx.doi.org/10.1289/ehp.11848.

5. Brook RD, Rajagopalan S, Pope CA 3rd, Brook JR, Bhat-
nagar A, Diez-Roux AV, et al. Particulate matter air pollution 

http://dx.doi.org/10.1161/CIR.0b013e3181dbece1
http://dx.doi.org/10.1161/CIR.0b013e3181dbece1
http://dx.doi.org/10.1289/ehp.1104049
http://dx.doi.org/10.1289/ehp.1002667
http://dx.doi.org/10.1289/ehp.1002667
http://dx.doi.org/10.1289/ehp.0901181
http://dx.doi.org/10.1289/ehp.11062
http://dx.doi.org/10.1289/ehp.11062
http://dx.doi.org/10.1038/jes.2013.20
http://dx.doi.org/10.1038/jes.2013.20
http://www.eea.europa.eu/publications/environmental-indicator-report-2012
http://www.eea.europa.eu/publications/environmental-indicator-report-2012
http://dx.doi.org/10.1080/02786820500191348
http://dx.doi.org/10.1080/02786820500191348
http://dx.doi.org/10.3109/08958378.2011.593587
http://dx.doi.org/10.3109/08958378.2011.593587
http://dx.doi.org/10.1289/ehp.11848
http://dx.doi.org/10.1289/ehp.11848


R E V I E W  P A P E R         J. KOBZA ET AL.

IJOMEH 2016;29(1)12

estimating health effects related to PM2.5 exposure. Hyg Pub-
lic Health. 2014;49:33–8.

21. Boldo E, Medina S, le Tertre A, Hurley F, Mücke HG, Bal-
lester F, et al. Apheis. Health impact assessment of long-
term exposure to PM2.5 in 23 European cities. Eur J Epide-
miol. 2006;21:449–58, http://dx.doi.org/10.1007/s10654-006-
9014-0.

22. World Health Organization. Air quality guidelines for Eu-
rope. Copenhagen: WHO Regional Office for Europe; 1987.

23. World Health Organization. Air quality guidelines for Eu-
rope. 2nd ed. Copenhagen: WHO Regional Office for Eu-
rope; 2000.

24. World Health Organization. Air quality guidelines: Global 
update 2005, particulate matter, ozone, nitrogen dioxide and 
sulfur dioxide. Copenhagen: WHO Regional Office for Eu-
rope; 2006 [cited 2013 Dec 1]. Available from: http://apps.
who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_
OEH_06.02_eng.pdf.

25. Anderson HR. Air pollution and mortality: A history. At-
mos Environ. 2009;43:142–52, http://dx.doi.org/10.1016/ 
j.atmosenv.2008.09.026.

26. Samoli E, Analitis A, Touloumi G, Schwartz J, Ander-
son HR, Sunyer J. Estimating the exposure-response 
relationship between particulate matter and mortality 
within the APHEA multicity project. Environ Health Per-
spect. 2005;113:88–95, http://dx.doi.org/10.1289/ehp.7387.

27. University of Southern Denmark [Internet]. Work pack-
age 2 – Dissemination of the results. Deliverable 9: Dissemi-
nation report of RAPID [cited 2013 Dec 1]. Available from: 
http://static.sdu.dk/mediafiles//D/6/D/%7BD6D24A68-
8D0A-4586-9145-2832978DE5AA%7DWP2%20Deliver-
able%209.pdf.

28. Gulis G, Mekel O, Adam B, Cori L. Assessment of 
population health risks of policies. New York: Springer 
Science+Business Media; 2014.

29. Fenger J. Air pollution in the last 50 years – From local 
to global. Atmos Environ. 2009;43:13–22, http://dx.doi.
org/10.1016/j.atmosenv.2008.09.061.

13. Kowalska M, Zejda J, Ośródka L, Klejnowski K, Krajny E, 
Wojtylak M, et al. Air pollution and daily mortality in the 
Urban Area of Katowice comparison of 2 periods 1994–95 
and 2001–2002. Pol J Environ Stud. 2008;17(5):733–8.

14. Kowalska M, Hubicki L, Zejda J, Ośródka L, Krajny E, 
Wojtylak M. Effect of ambient air pollution on daily mor-
tality in Katowice Conurbation, Poland. Pol J Environ 
Stud. 2007;16(2):227–32.

15. Jędrychowski W, Perera F, Mrożek-Budzyn D, Mróz E, 
Flak E, Spengler DJ, et al. Gender differences in fetal 
growth of newborns exposed prenatally to airborne fine par-
ticulate matter. Environ Res. 2009;109:447–56, http://dx.doi.
org/10.1016/j.envres.2009.01.009.

16. Jędrychowski W, Perrera FP, Maugeri U, Mróz E, Klimaszew-
ska-Rembiasz M, Flak ES, et al. Effect of prenatal exposure 
to fine particulate matter on ventilatory lung function of 
preschool children of non-smoking mothers. Paediatr Peri-
nat Epidemiol. 2010;24:492–501, http://dx.doi.org/10.1111/
j.1365-3016.2010.01136.x.

17. Jedrychowski W, Perera FP, Maugeri U, Spengler J, Mroz E, 
Flak E, et al. Prohypertensive effect of gestational personal 
exposure to fine particulate matter. Prospective cohort study 
in non-smoking and non-obese pregnant women. Cardiovasc 
Toxicol. 2012;12:216–25, http://dx.doi.org/10.1007/s12012-
012-9157-z.

18. Jedrychowski W, Perera FP, Spengler JD, Mroz E, Stigter L, 
Flak E, et al. Intrauterine exposure to fine particulate matter 
as a risk factor for increased susceptibility to acute bronchi-
pulmonary infections in early childhood. Int J Hyg Envi-
ron Health. 2012;216:395–401, http://dx.doi.org/10.1016/ 
j.ijheh.2012.12.014.

19. Kloog I, Melly SJ, Ridgway WL, Coull BA, Schwartz J. 
Using new satellite based exposure methods to study the 
association between pregnancy PM2.5 exposure, prema-
ture birth and birth weight in Massachusetts. Environ 
Health. 2012;11:40.

20. Kowalska M, Skrzypek M. Environmental burden of dis-
ease (EBD) and the possibility of using the method for 

http://dx.doi.org/10.1007/s10654-006-9014-0
http://dx.doi.org/10.1007/s10654-006-9014-0
http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://dx.doi.org/10.1016/j.atmosenv.2008.09.026
http://dx.doi.org/10.1016/j.atmosenv.2008.09.026
http://dx.doi.org/10.1289/ehp.7387
http://static.sdu.dk/mediafiles//D/6/D/%7BD6D24A68-8D0A-4586-9145-2832978DE5AA%7DWP2%20Deliverable%209.pdf
http://static.sdu.dk/mediafiles//D/6/D/%7BD6D24A68-8D0A-4586-9145-2832978DE5AA%7DWP2%20Deliverable%209.pdf
http://static.sdu.dk/mediafiles//D/6/D/%7BD6D24A68-8D0A-4586-9145-2832978DE5AA%7DWP2%20Deliverable%209.pdf
http://dx.doi.org/10.1016/j.atmosenv.2008.09.061
http://dx.doi.org/10.1016/j.atmosenv.2008.09.061
http://dx.doi.org/10.1016/j.envres.2009.01.009
http://dx.doi.org/10.1016/j.envres.2009.01.009
http://dx.doi.org/10.1111/j.1365-3016.2010.01136.x
http://dx.doi.org/10.1111/j.1365-3016.2010.01136.x
http://dx.doi.org/10.1007/s12012-012-9157-z
http://dx.doi.org/10.1007/s12012-012-9157-z
http://dx.doi.org/10.1016/j.ijheh.2012.12.014
http://dx.doi.org/10.1016/j.ijheh.2012.12.014


TOP-DOWN POLICY HEALTH RISK ASSESSMENT APPROACH        R E V I E W  P A P E R

IJOMEH 2016;29(1) 13

41. [The Act of 17 December 2008 of estimate levels of certain 
substances in air. J Laws 2009, No. 5, item 31]. Polish.

42. [The Act of 26 January 2010 of values of references for cer-
tain substances in air. J Laws 2010, No. 16, item 87]. Polish.

43. Directive 2008/50/EC of the European Parliament and 
of the Council of 21 May 2008 on ambient air quality and 
cleaner air for Europe. Off J Eur Union L 152/1, p. 1–44 
(Jun 11, 2008).

44. European Environment Agency. Air quality in Europe – 2012 
report. Copenhagen: The Agency; 2012 [cited 2013 Dec 19]. 
Available from: http://www.eea.europa.eu/publications/air-
quality-in-europe-2012.

45. European Environment Agency. Air quality in Europe – 2013 
report. Copenhagen: The Agency; 2013 [cited 2013 Dec 19]. 
Available from: http://www.eea.europa.eu/publications/air-
quality-in-europe-2013.

46. Council Directive 96/62/EC of 27 September 1996 on ambi-
ent air quality assessment and management. Off J Eur Com-
munities L 296/55, p. 55–63 (Nov 21, 1996).

47. Council Decision of 27 January 1997 establishing a recip-
rocal exchange of measuring ambient air pollution within 
the Member States (97/101/EC). Off J Eur Communi-
ties L 35/14, p. 14–22 (Feb 5, 1997).

48. Directive 2000/69/EC of the European Parliament and of 
the Council of 16 November 2000 relating to limit values 
for benzene and carbon monoxide in ambient air. Off J Eur 
Communities L 313/12, p. 12–21 (Dec 13, 2000).

49. Directive 2002/3/EC of the European Parliament and of the 
Council of 12 February 2002 relating to ozone in ambient 
air. Off J Eur Communities L 67/14, p. 14–30 (Mar 9, 2002).

50. Commission Decision of 29 April 2004 laying down a question-
naire to be used for annual reporting on ambient air quality 
assessment under Council Directives 96/62/EC and 1999/30/
EC and under Directives 2000/69/EC and 2002/3/EC of the 
European Parliament and of the Council (2004/461/EC). 
Off J Eur Union L 156/78, p. 78–125 (Apr 30, 2004).

51. Schwartz J. Health effects of air pollution from traffic: Ozo-
ne and particulate matter. In: Fletcher T, McMichael AJ, 

30. [Regulation of the Council of Ministers of 13 Septem-
ber 1966 on concentration limit of substances in ambient air. 
J Laws 1966, No. 42, item 253 and 254]. Polish.

31. [The Act of 31 November 1980 on protection of ambient air. 
J Laws 1980, No. 24, item 89]. Polish.

32. [The Act of 12 February 1990 of air protection against pollu-
tion. J Laws 1990, No. 15, item 92]. Polish.

33. [The Act of 28 April 1998 of permissible values of concentra-
tions of pollutants in the air. J Laws 1998, No. 55, item 355]. 
Polish.

34. [The Act of 22 June 2002 of admissible levels of certain sub-
stances in air, alarm levels of certain substances in air and 
margin of tolerance for the maximum levels of certain sub-
stances. J Laws 2002, No. 87, item 796]. Polish.

35. [Regulation of the Minister of the Environment of 5 Decem-
ber 2003 on values of references for certain substances in air. 
J Laws 2003, No. 1, item 12]. Polish.

36. [Regulation of the Minister of the Environment of 24 Au-
gust 2012 on levels of certain substances in air. J Laws 2012, 
No 0, item 1031]. Polish.

37. Pastuszka JS, Górny RL, Pajdo S, Cimander B, Kli-
nik M. [Studies of the relationship between concentrations 
of the total suspended particles (TSP) and PM-10 in am-
bient air in 3 Polish towns]. Ochr Powietrza Probl Odpa-
dow. 1999;5:179–82. Polish.

38. Pastuszka JS, Sosnowska M. [Study of the relationship be-
tween PM10 concentrations measured by TEOM (Tapered 
Element Oscillating Microbalance) and the manual high-
volume sampler – To enable assessment of historical ex-
posure]. Ochr Powietrza Probl Odpadow. 2009;42:77–83.  
Polish.

39. Council Directive 1999/30/EC of 22 April 1999 relating 
to limit values for sulphur dioxide, nitrogen dioxide and 
oxides of nitrogen, particulate matter and lead in ambient 
air. Off J Eur Communities L 163/41, p. 41–60 (Jun 29, 
1999).

40. [The Act of 3 March 2008 of levels of certain substances in 
air. J Laws 2008, No. 47, item 281]. Polish.

http://www.eea.europa.eu/publications/air-quality-in-europe-2012
http://www.eea.europa.eu/publications/air-quality-in-europe-2012
http://www.eea.europa.eu/publications/air-quality-in-europe-2013
http://www.eea.europa.eu/publications/air-quality-in-europe-2013
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31997D0101


R E V I E W  P A P E R         J. KOBZA ET AL.

IJOMEH 2016;29(1)14

57. Junninen H, Mønster J, Rey M, Cancelinha J, Douglas K, 
Duane M, et al. Quantifying the impact of residential heat-
ing on urban air quality in a typical European coal combus-
tion region. Environ Sci Technol. 2009;43:7964–70, http://
dx.doi.org/10.1021/es8032082.

58. Powell S. Particulate matter in the air and its origins in coal-
burning regions. Environ Sci Technol. 2009;43(22):8474, 
http://dx.doi.org/10.1021/es9030479.

59. Zatoński W. Closing the health gap in European Union. 
Warszawa: Cancer Epidemiology and Prevention Division 
of Maria Skłodowska-Curie Memorial Cancer Center and 
Institute of Oncology; 2008.

60. Brożek GM, Zejda JE, Kowalska M, Gębuś M, Kępa K, 
Igielski M. Opposite trends of allergic disorders and respi-
ratory symptoms in children over a period of large-scale 
ambient air pollution decline. Pol J Environ Stud. 2010; 
19:1133–8.

61. Bandosz P, O’Flaherty M, Drygas W, Rutkowski M, Kozia-
rek J, Wyrzykowski B, et al. Decline in mortality from coro-
nary heart disease in Poland after socioeconomic transfor-
mation: Modeling study. BMJ. 2012;344(8136):1–10.

62. Drygas W. [Streamlining the early diagnostic testing and the 
active care of persons with the risk of the development of 
the ischaemic heart disease]. In: Goryński P, Wojtyniak K, 
Kuszewski K, editors. [Monitoring of expected effects of 
the realization of the National Program of the Health 1996–
2005]. Warszawa: Ministerstwo Zdrowia i Państwowy Zakład 
Higieny; 2005. Polish.

editors. Health at the crossroads: Transport policy and ur-
ban health. London: London School of Hygiene and Tropi-
cal Medicine; 1997. p. 61–82.

52. O’Neill MS, Loomis D, Aburto VHB, Gold D, Hertz-Pic-
ciotto I, Castillejos M. Do associations between airborne 
particles and daily mortality in Mexico City differ by mea-
surement method, region, or modeling strategy? J Expo 
Sci Environ Epidemiol. 2004;14:429–39, http://dx.doi.org/ 
10.1038/sj.jea.7500341.

53. Deck LB, Post ES, Smith E, Wiener M, Cunningham K, 
Richmond K. Estimates of the health risk reductions as-
sociated with attainment of alternative particulate matter 
standards in 2 U.S. cities. Risk Anal. 2001;21:821–36, http://
dx.doi.org/10.1111/0272-4332.215154.

54. File TM. The epidemiology of respiratory tract infections. 
Semin Respir Infect. 2000;15(3):184–94, http://dx.doi.org/ 
10.1053/srin.2000.18059.

55. Wojtyniak B, Goryński P, Moskalewicz B. [Heath status of 
Polish population and its determinants]. Warszawa: Narodo-
wy Instytut Zdrowia Publicznego Państwowy Zakład Higie-
ny; 2012 [cited 2013 Dec 10]. Available from: http://wwwh.
pzh.gov.pl. Polish.

56. Pastuszka JS, Rogula-Kozłowska W, Zajusz-Zubek E. [Char-
acterization of PM10 and PM2.5 and associated heavy met-
als at the crossroads and urban background site in Zabrze, 
Upper Silesia, Poland, during the smog episodes]. Environ 
Monit Assess. 2010;168:613–27, http://dx.doi.org/10.1007/
s10661-009-1138-8. Polish.

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License – http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.

http://dx.doi.org/10.1021/es8032082
http://dx.doi.org/10.1021/es8032082
http://dx.doi.org/10.1021/es9030479
http://dx.doi.org/10.1038/sj.jea.7500341
http://dx.doi.org/10.1038/sj.jea.7500341
http://dx.doi.org/10.1111/0272-4332.215154
http://dx.doi.org/10.1111/0272-4332.215154
http://dx.doi.org/10.1053/srin.2000.18059
http://dx.doi.org/10.1053/srin.2000.18059
http://wwwh.pzh.gov.pl
http://wwwh.pzh.gov.pl
http://dx.doi.org/10.1007/s10661-009-1138-8
http://dx.doi.org/10.1007/s10661-009-1138-8
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

