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Abstract

Background: The long-term exposure to pollutants in
ambient air is associated with higher mortality and
occurrence of respiratory and cardiopulmonary dis-
eases. The longitudinal cross-section study focuses on
the associations between long-term exposures to carci-
nogenic and non-carcinogenic pollutants and the preva-
lence and incidence of such specific diseases including
immunodeficiencies.

Methods: The data on health status from industrial and
non-industrial regions were obtained from health docu-
mentation for a 5-year period from 2007 to 2011 and rep-
resent the whole population living in polluted (1,249,323
inhabitants) and unpolluted (631,387 inhabitants)
regions. The data on concentrations of PM, PM,, NO,,
S0,, benzene and benzo[a]pyrene were collected. The con-
centrations of pollutants were estimated from measured
data by using dispersion models. The average population-
weighted concentration of pollutants, which is represent-
ative for a defined geographic area and time period from
2007 to 2011, was calculated from the obtained data. The
logistic regression and the Mantel-Haenszel y? test were
used to determine the odds ratios (OR) and p-values for a
linear trend. Moreover, the relative risks of mortality and
morbidity to specific diseases were calculated according
to theoretical dose-response association published by
World Health Organization (WHO).

Results: The probability of incidence of chronic obstruc-
tive pulmonary disease and bronchial asthma is statis-
tically significantly higher in the population living in
the polluted region compared to the population living
in the unpolluted region. The association between
long-term exposure to pollutants and the prevalence of
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immunodeficiency with predominantly antibody defects
(D80) was confirmed. The strongest association was found
for exposures to particulate matter (PMM). The preva-
lence of immunodeficiency with predominantly antibody
defects was also observed in both regions depending on
the age of the population and statistically significant
difference was only found in the group of adults (20 and
over).

Conclusion: These associations encourage the hypoth-
esis, that the long-term exposure to PM, , might cause the
activation of cellular immune response. Further research
is needed to explore the correlative immunoregulatory
mechanism linking PM,, (or other pollutants — SO,) and
immune cells. Nowadays, it is also believed that these
associations are important in the increase of incidence
of immune inflammatory response which is proven risk
factor for cardiovascular disease (atherosclerotic dis-
ease, coronary heart disease and sudden cardiac death).
Positive association between long-term exposure and
prevalence of bronchial asthma and chronic obstructive
pulmonary disease might be skewed due to important
socio-economic factors (especially smoking).

Keywords: air pollution; health risk; immunodeficiency;
particulate matter; respiratory disease.

Introduction

Air pollution is an important environmental risk factor
having an unquestionable impact on the health of the
population [1, 2]. The Upper Silesian basin is one of the
most polluted air regions in Central Europe. Although
since the 1990s air pollution is gradually declining, inhab-
itants of this region are still exposed to excessive con-
centrations of pollutants [3]. Information about ambient
concentrations of air pollutants are captured in extensive
measuring stations [3]. The measured pollutants affecting
the health of the population include ambient particulate
matter of <10 pm and <2.5 um diameter (PM,; and PM, ),
sulfur dioxide, nitrogen oxides, benzene, heavy metals
and polycyclic aromatic hydrocarbons (primarily benzol[a]
pyrene). The source of these substances are traffic, local
heat and heavy industry, i.e. coke-ovens (especially in the
Moravian-Silesian region) [4].
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The increase of mortality in all population groups, the
increase of specific mortality from cardiopulmonary dis-
eases, respiratory tract cancers in the case of adults and
the increase of mortality due to respiratory diseases in the
case of children count among the recognized associations
between exposures to harmful substances in the air and
health indicators [5-7]. Based on the results of the World
Health Organization (WHO) up to 3.7 million of premature
deaths per year are estimated to be caused by ambient
air pollution. Up to 80% of these premature deaths are
created by ischemic heart diseases and strokes, 14% are
deaths from chronic obstructive pulmonary diseases
or acute lower respiratory tract infections, and 6% are
caused by lung cancers [8]. Many epidemiological studies
have also described an association between levels of PM
in the ambient air and reduction of lung function, height-
ened severity of symptoms in individuals with asthma,
chronic obstructive pulmonary disease (COPD), immuno-
deficiency and ischemic heart disease [9-11].

Epidemiological studies on air pollution and its effect
on the immune system are performed rarely, thus this
issue requires further examination [12]. Recent researches
proved that the immune system is a sensitive toxicological
target for environmental chemicals. Moreover, systemic
inflammation and immune injuries are closely associ-
ated with cardiovascular diseases [13]. There is growing
evidence that exposure to immunotoxic pollutants could
not only cause immunosuppression, but also an increased
expression of aberrant immune responses [14, 15]. Par-
ticulate matter can directly affect many effector immune
cells, such as lymphocytes, monocytes and macrophages,
and cause the immune and inflammatory responses of
organism [12]. Similarly, particulate matter pollution may
influence allergic [16], immunologic and systemic inflam-
matory responses [17, 18].

Methods

Population selection

The data on health status from industrial and non-industrial regions
were obtained to determine the relationship between air pollution
and its adverse effects on health. The data representing polluted
regions come from the Czech part of the Upper Silesian basin, which
has been the most polluted area in the Czech Republic (Moravian-
Silesian Region — MSR) for a long time. In this study, 1,249,323
inhabitants are included. The data representing unpolluted region
come from the South Bohemian Region — SBR) which is one of the
most industrially unpolluted regions, where 631,387 inhabitants
are included. Above mentioned the number of inhabitants are also
related to health risk calculations and epidemiologic study. Some of
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the socio-economic differences could be assumed in both regions,
due to the employment, inhabitation and the lifestyle (higher num-
ber of smokers in the industrial region).

Air pollution

For the purpose of this research, the data on concentrations of PM, ,
PM, , NO,, SO,, benzene (BZN) and benzola]pyrene, (BaP) were col-
lected in polluted (MSR) and unpolluted (SBR) regions. The data
from measuring stations of the Czech Hydrometeorological Institute
which is subordinated to the Ministry of Environment of the Czech
Republic were provided to identify pollution in determined regions.
The concentrations of pollutants were estimated from measured data
using dispersion models. In this way it was possible to determine the
accurate 5-year (2007-2011) average concentration of pollutants on
the territory defined for each km? The average population-weighted
concentration of pollutants, which is representative for a defined
geographic area and time period from 2007 to 2011, was calculated
from the obtained data.

Health risks

The probability of the mortality and morbidity of specific diseases
was calculated based on the theoretical dose-response association
published by the WHO.

Results of overall mortality (among the population older than
30 years), mortality from CD — cerebrovascular disease (including
stroke), IHD - ischemic heart disease, COPD and LC - cancer of
the trachea, bronchus and lung among the population older than
30 years) are expressed as a relative risk (RR) as follows:

s
RR— (x+1) :
(x, +1)f

where:

—  x s the average population-weighted concentration in polluted
region,

- X, is average population-weighted concentration in unpolluted
region,

—  Pis the regression coefficient published from the projects HRA-
PIE, REVIHAAP [19, 20].

The results of PIM - infant mortality, PB — prevalence of bronchitis
in children (6-12 years or 6-18 years) and RBI — incidence of chronic
bronchitis in adults (18 years +) are expressed as a RR as follows:

(RR, -1)-(x~x,)
=—1n0 - - "0y
10

RR 1

where:

- RR, is the relative risk for (x-x,)=10 pg.m> published in the
projects HRAPIE and REVIHAAP [19, 20].

US Environmental Protection Agency (EPA) methodology was used
for the calculation of the carcinogenic risk. The WHO and the US
EPA defined the unit of carcinogenic risk (UCR) for carcinogenic
pollutants (benzene and benzo[a]pyrene). UCR expresses generally
acceptable health risks associated to lifetime exposure to these
pollutants.
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The carcinogenic risks are expressed by LICR - lifelong individ-
ual cancer risk (LICR) and the annual population cancer risk (APCR)
according to the relations below.

LICR=LC-UCR

where:
—  LCis lifetime average concentration,
—  UCRis unit of carcinogenic risk

LICR-P
AT

APCR =

where:
—  Pisnumber of inhabitants in region,
— AT s average time (70 years), or the average age expectancy.

A longitudinal cross-sectional study

The data on health status from industrial and non-industrial regions
were obtained from the National Health Information System (NHIS)
for a 5-year period (from 2007 to 2011). The NHIS provides health
data and statistics and its main aim is to support epidemiological
research. The health data include the entire population in polluted
(MSR) and unpolluted (SBR) regions and represents the whole popu-
lation in defined geographic areas. Data collected in the NHIS con-
tain entries of individuals (information on smoking, occupational
exposure, socio-economic status), therefore omitting of other risk
factors during the interpretation of the results is not possible.

For the purpose of this study, the association between chronic
exposure to pollutants and the morbidity and mortality due to
asthma (J45), COPD (J44), immunodeficiency with predominantly
antibody defects (D80) common variable immunodeficiency disease
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(CVID) (D83), cancer of the pleura, bronchi and lungs (C34) and
stroke (G46) was verified.

Statistical methods were used for determination of the associa-
tion between long-term exposure to pollutants and the development
of health outcomes (mortality and morbidity for specific diseases).
The odds ratio (OR) expresses measure of probability of health
effects in exposed population (MSR) compared to unexposed (SBR).
The logistic regression and the Mantel-Haenszel x? test were used to
determine p-values for the linear trend.

Results

Air pollution

The actual concentrations measured in monitoring stations
were modeled and the values were used for a calculation of
resulting concentrations of pollutants in ambient air.

The modeled concentrations are representing five
population-weighted average concentration of pollutants
(from 2007 to 2011) (see Table 1).

Health risks

The probabilities of some health consequences have
been calculated as a RR for threshold (non-carcinogenic)
effects and individual and population carcinogenic effects
for polluted and unpolluted regions.

Table 1: Five-year population-weighted average concentration of pollutants.

Region PM,, (ng/m°) PM,; (ug/m’) NO, (pg/m?) SO, (pg/m?) BZN (ug/m’) BaP (pg/m’)
Unpolluted 17.23 13.69 11.03 14.07 0.69 0.63
Polluted 36.54 29.19 18.68 39.12 2.75 4.75

Number of inhabitants is 631,387 in unpolluted region; number of inhabitants is 1,249,323 in polluted region.

Table 2: Calculated relative risks (RR) and confidence interval (CImin-Clmax) for few health outcomes according to WHO for unpolluted

(SBR) and polluted (MSR) regions.

Risks M-all (PM, ) CD, IHD, COPD (PM, ) LC(PM,,) PIM (PM, ) PB (PM,)) ICB (PM, )
RR 1.0961 1.1182 1.1820 1.0772 1.1545 1.2259
Clmin 1.0813 1.0413 1.0636 1.0487 0.9513 1.0973
Clmax 1.1420 1.2009 1.3137 1.1879 1.5100 1.5073

M-all, Mortality, all-cause, all ages; RR,;=1.0123 per 10 pug/m?; CD, IHD, COPD (PM, ) - mortality; CD, cerebrovascular disease (includes

stroke); IHD, ischaemic heart disease; COPD, chronic obstructive pulmonary disease, where RR=

concentration of PM, ;

PM

2.5

LC, mortality, trachea, bronchus and lung cancer, where RR=

(X + 1)0,15515

(x 1) for age 30 +years, x is
0

(X + 1)0,23218

W for age 30+ years, x is concentration of
0

PIM <1, postneonatal (age 1-12 months) infant mortality, all-cause for RR  =1.04 per 10 ug/m? PB6-12 (6-18), prevalence of bronchi-

tis in children, age 6-12 (or 6-18) years for RR, =1.08 per 10 ug/m?; ICB > 18, incidence of chronic bronchitis in adults (age 18+ years) for

RR,,=1.117 per 10 ug/m?.
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The calculation of threshold health risks during the
exposure to particulate matter (PM, , PM,,) was identified
according to a theoretical association represented by the
RR. These associations were published by the WHO and
linear and nonlinear association between exposure to pol-
lutants and the development of the adverse health effects
are described.

The probability of occurrence of observed health con-
sequences (apart from PB — prevalence of bronchitis in
children) in the case of long-term exposure to particulate
matter (PM,,, PM,,) was significantly higher in popula-
tions living in the polluted region compared to the popu-
lation living in the unpolluted region (see Table 2).

The probability of development of cancer in case of
exposure to carcinogenic pollutants (benzene, benzo [a]
pyrene) is higher in populations living in the polluted
region compared to the population living in the unpol-
luted region. However, the carcinogenic risks in both
observed regions have not exceeded generally acceptable
health limits (see Table 3).

Longitudinal cross-section study

The health data obtained from the NHIS provide all the
records on the occurrence of the diseases. The diseases,
which had to be investigated due to the potential risk
to pollutants in the air, were monitored. Moreover, the
proven associations from previous studies were dem-
onstrated. For the purpose of this study, the diagnoses
anchored in the International Classification of Diseases
(ICD) were used.

The differences in the incidence and prevalence of
disease in polluted and unpolluted regions were explored.
The results might be skewed due to significant socioeco-
nomic factors (especially smoking).

The probability of incidence of chronic obstruc-
tive pulmonary disease and bronchial asthma and
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immunodeficiency with predominantly antibody defects
(D80) is statistically significantly higher in the population
living in the polluted region compared to the population
living in the unpolluted region (see Table 4). The preva-
lence of immunodeficiency with predominantly antibody
defects (D80) was also observed in both regions depend-
ing on the age of the population and a statistically sig-
nificant difference was only found in the group of adults
(20 and over). In childhood, there were no statistically
significant differences in the prevalence of this disease.
The strongest association was found at exposures to par-
ticulate matter (PMZ,S). In addition, the dependence on
the age of the population was observed in association
between prevalence of the disease bronchial asthma (J45)
and air pollution (see Table 4). The association between
long-term exposure to all tested pollutants and higher
prevalence of disease was statistically confirmed in age
of adult and child.

Furthermore, the results indicate that the probability
of incidence of chronic obstructive pulmonary disease
(J44) and bronchial asthma (J45) is significantly higher
in populations living in the polluted region compared
to the population living in the unpolluted region (see
Table 4). Moreover, the mortality to chronic obstructive
pulmonary disease (J44), bronchial asthma (J45), stroke
(G46) and trachea, bronchus and lung cancer (C34) was
also observed. The results are expressed as a relative risk
but no statistically significant differences in mortality of
mentioned diseases in populations living in the polluted
region compared to the population living in the unpol-
luted region were proven.

Discussion

Our study observed the association linking long-term
exposure to pollutants and the morbidity and mortality of
specific diseases between a polluted (MSR) and unpolluted

Table 3: Cancer risks of exposures to benzene (BZN) and benzo(a)pyrene (BaP) for unpolluted (SBR) and polluted (MSR) regions comparing

approaches the WHO and US EPA.

Risks Cancer (BZN) Cancer (BaP)
UCR (ug/m?)* WHO US EPA WHO US EPA

6.00E-06 7.80E-06 9.00E-02 1.10E-03

Unpolluted LICR 4.14E-06 5.38E-06 5.67E-05 6.93E-07
APCR 0.04 0.05 0.51 0.01

Polluted LICR 1.65E-05 2.15E-05 4.28E-04 5.23E-06
APCR 0.29 0.38 7.63 0.09

UCR, unit cancer risk; LICR, lifetime individual cancer risk; APCR, annual population cancer risk.
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Table 4: 0dds ratios (OR) of prevalence and incidence for unpolluted (SBR) and polluted (MSR) regions and significance of linear trend for

dose-response associations.

Ja4 J45 D80 D83
Prevalence
OR 1.954 1.868 1.779 1.149
Cl 1.836-2.080 1.760-1.982 1.374-2.304 0.777-1.699
x> (PMm) 409.38 425.63 16.53 0.71
p <0.0001 <0.0001 <0.0001 0.3979
X’ (PMM) 177.44 401.06 61.88 3.92
p <0.0001 <0.0001 <0.0001 0.04781
x> (NOZ) 522.60 366.78 30.72 5.33
p <0.0001 <0.0001 <0.0001 0.02098
x> (SOZ) 609.77 172.90 65.40 34.13
p <0.0001 <0.0001 <0.0001 <0.0001
Incidence

OR 2.105 1.697 1.526 0.700
Cl 1.730-2.563 1.407-2.048 0.856-2.722 0.267-1.839
x? (PMw) 64.56 23.96 2.48 0.38
p <0.0001 <0.0001 0.115 0.5396
x> (PMM) 16.88 19.35 0.28 0.86
p <0.0001 <0.0001 0.5968 0.3548
x> (NOZ) 54.25 37.53 2.28 0.46
p <0.0001 <0.0001 0.1311 0.4988
x> (SOZ) 155.56 12.33 8.89 1.35
p <0.0001 0.0004454 0.002868 0.2453

Dg, J44-chronic obstructive pulmonary disease; Dg, J45-asthma bronchiale dg; D80-immunodeficiency with predominantly antibody
defects; Dg, D83-common variable immunodeficiency; Cl, confidence interval; 2, extended Mantel-Haenszel x? for linear trend, p-value for

one degree of freedom.

(SBR) region in the Czech Republic. Differences between
long-term air concentrations in residential areas in the
Czech Republic for the polluted and the unpolluted region
are about 20 ug/m’ for PM, , 15 ug/m’ for PM, ,, 7 ug/m’ for
NO,, 25 ug/m’ for SO,, 2 ug/m’ for benzene, 4 ng/m’ for
B(a)P (shown in Table 1).

The results of longitudinal cross-section study show
the statistically significant difference in prevalence and
incidence of COPD in populations living in the polluted
region compared to the population living in the unpol-
luted region in case of long-term exposure to all tested
pollutants (OR=2.105; CI=1.730-2.563) (see Table 4). Even
though, the ORs are calculated according to the whole
health data occurred in both regions, there are no infor-
mation about other risk factors. For this reason, it was not
possible to assess the impact of some major socio-eco-
nomic factors, and lifestyle factors (smoking, occupational
exposure). Although, it is believed that these factors do
not significantly differ in both of the selected populations,
the effect of these factors might be significant. There-
fore, the results should be rather tentative. The mortality
to COPD was also observed. According to the theoretical
calculation of health risk, the probability of mortality

to cerebrovascular disease, ischemic heart disease and
COPD in the case of long-term exposure to PM,, should be
statistically significant higher in the population living in
the polluted region compared to the population living in
the unpolluted region (RR =1.1182; CI=1.0413-1.2009). On
the other hand, those results were not confirmed in our
longitudinal cross-sectional study.

The key results of the longitudinal cross-section study
is a confirmation of the association between long-term
exposure to pollutants and the prevalence of immunode-
ficiency with predominantly antibody defects (OR=1.779;
CI=1.374-2.304) (see Table 4). The strongest association
was found for exposures to particulate matter (PMZ’S). The
immunodeficiency with predominantly antibody defects
is associated with increases IgG, IgE and IgM in the blood.
The results of the analytical studies refer to the increase
of these immunoglobulins together with reduction of
T-lymphocytes and CD4 and CD8 cells. These associations
encourage the hypothesis, that the long-term exposure
to PM,, might cause the activation of cellular immune
response. Further research is needed to explore the cor-
relative immunoregulatory mechanism linking PM,, (and
certain other pollutants, e.g. SO,) and immune cells.
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Nowadays, it is also believed that these associations
are important in the increasing of incidence of immune
inflammatory response which is a proven risk factor for
cardiovascular disease (atherosclerotic disease, coronary
heart disease and sudden cardiac death) [15].

Researched associations in earlier studies between
exposures to pollutants and increase mortality were not
confirmed in our cross-section study.

Conclusion

The results of the health risks assessment and longitu-
dinal cross-sectional studies support the supposed asso-
ciation of long-term exposure to pollutants in ambient air
and the occurrence of specific diseases. The statistically
significant difference in the prevalence and incidence of
COPD arising as a result of exposure to pollutants was
proved. It is assumed that all non-carcinogenic pollutants
contribute to this effect. Furthermore, this study provides
the results of the possible hypotheses of an increased inci-
dence of immunodeficiencies with predominantly anti-
body defects manifested itself by elevated levels of IgG,
IgE and IgM antibodies in the blood. Based on these and
other published results, the highest concern in connec-
tion with this disease is attributed to exposure to PM, .
These observed associations support the hypothesis that
long-term exposure to PM,, may cause the activation of
cellular immune responses. Therefore, further research
focused on exploring the mechanism of immunoregula-
tion in case of exposure to PM, (together with other tested
pollutants) is needed.
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