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Abstract

Obyjectives: The purpose of the present study was to
analyze the relationship between the levels of air pol-
lutants and respiratory function/physical efficiency of
pre-adolescent children living in the Upper Silesian In-
dustrial Region.

Material and methods: Spirometric evaluations and
physical exercise test were performed in 103 children
aged 14-16. Standard spirometry was used to analyze:
vital capacity (VC), forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV)), and maximal
voluntary volume (MVV). From 1994 through 2008,
air pollutants were regularly monitored, and compared
with reference ranges.

Results: Differences were noted in the average annual
pollutant (SO,, NO,, PM,,, CO) concentrations dur-
ing the observation period. Exposure to air pollution
was associated with reduced respiratory function and
may lead to a decline in physical efficiency in pre-ado-
lescent children.

Conclusions: The pollution-related reduction of lung
function in childhood might be related, at least partial-
ly, to long-term exposure to particulate air pollutants,
and especially in those children who spend more time
practicing outdoor sports.
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INTRODUCTION

Health effects of exposure to air pollution have been
indicated by previous studies suggesting that long-
term exposure to ambient particles, nitrogen oxides
(NO,), and inorganic acid vapor negatively affects the
growth in lung function [1, 2] and increases the risk of
chronic respiratory illness in adulthood [3-5]. It has
also been documented that increased concentration of
total suspended particulates is a significant predictor
of the incidence of upper respiratory symptoms in
children [6]. The synergistic effect of sulfur dioxide
(8O,), particulates, nitrogen oxides (NO,), hydrogen
sulfide, and other airborne particles may be a con-
tributing factor in predicting the upper respiratory in-
fections even in those children who live in less pollut-
ed areas |7, 8].

Most of the studies suggest that clevated air pollu-
tion might be associated with reduced expiratory flows
(FEV,, FVC, MMEF, and FEF.;), increased frequency

of asthma exacerbations, and decreased respiratory
performance in children [9-11]. It is suggested that
these associations appeared stronger in girls, older
children, and in those exposed to parental smoking [2].
The acute health consequences of breathing polluted
air may also be more severe in children who have high-
er ventilation rates than adults, who are more active,
and spend more time outdoors [12-14]. However, the
effects of long-term exposure to air pollution on res-
piratory adaptation to physical activity are less clearly
defined. In this study, we analyzed the relationship be-
tween the levels of air pollutants and respiratory func-
tion/physical efficiency of adolescents living in the
Upper Silesian Industrial Region.

MATERIAL AND METHODS

The study conformed to the standards set by the Dec-
laration of Helsinki of 1983 for Human Research and
was approved by a Local Ethics Committee of the
Academy of Physical Education in Katowice, Poland.
The adolescents, enrolled into the study, and their par-
ents were presented with a comprehensive description
of the purpose of the study, and written consents
from parents were requested and obtained.

A total of 103 (48 gitls and 55 boys) healthy adoles-
cents aged 14-16 years volunteered to participate in
the study (Table 1). All subjects were living and attend-
ing schools in the city of Bytom, one of the most pol-
luted cities in the Upper Silesian Industrial Region.
The criteria for inclusion were: no personal history of
cardiovascular or metabolic diseases, no medication at
the time of the study, and no smoking;

Spirometric evaluations and physical exercise tests
were performed at school during morning hours. Stan-
dard spirometry (PonyGraphic 3.7, Cosmed, Italy) was
used to analyze vital capacity (VC), forced vital capaci-
ty (FVC), forced expiratory volume in 1 second
(FEV)), and maximal voluntary volume (MVYV). The
measurements were carried out according to spiromet-
ric standards for normal children and adolescents. Cat-
diorespiratory fitness and efficiency were determined
using a laboratory test performed on a cycle ergometer
(Monark 826, Sweden). The exercise consisted of a
submaximal exercise with continuous monitoring of
heart rate (HR), and maximal minute oxygen uptake
(VO,,.,,) calculation [15]. A week later, the same par-
ticipants also performed a running test on the track at
the school playground field, the most popular test in
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Table 1. Anthropometric and physiologic characteristics of

subjects.

Variable Male (n = 55) Female (n = 48)
Age (yr) 152123 15.4 £0.7
Body height (cm) 165.0 £25.0 160.1 £6.9*
Body mass (kg) 56.4 £14.9 51.4 193
BMI (kg/my,) 20.7 £4.2 20.3 £1.5
VC (L) 4.1 £0.85 3.0 £0.4%*
VC (Yopred) 89.0 £21.5 81.4 £15.8*
FEV, (L) 33132 2.5 £2.3*%
EV1; (%pred) 78.6 £13.5 75.8 £12.5
EV1,/VC (%) 80.2 £14.4 82.6£7.8
VO (L/min) 3.3 +0.7 2.9 £0.4*
MVV (L/min) 112.0 £35.2 80.4 £19.5%*
EXT (min) 3.9 £0.9 27104
Norm — ExT (L) 0.3 £0.01 0.2 +£0.02

Data are means £SD. BMI - body mass index, VC - vital ca-
pacity, FEV, - forced expiratory volume in one second,
VO .y - Mmaximal oxygen uptake, MVV - maximum volun-
tary volume, ExT - result in exercise test. *P<0.05; **P<0.01
significant differences between female and male.

the case of school settings. Participants were instruct-
ed to complete the distance of 600 meters for girls
and 1000 meters for boys as fast as possible. The time
of completion was recorded to the nearest second and
compared with reference ranges [106].

Ambient air quality was estimated based on the data
provided by the State Environmental Monitoring in
the Province of Silesia in the years 1993 through 2008.
The concentrations of airborne particles and meteoro-
logical parameters were measured including wind di-
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rection and speed, air temperature, relative humidity,
total solar radiation, UV radiation, barometric pressure
and rainfall. Annual concentrations were determined
of the following compounds: sulfur dioxide (SO,), ni-
trogen oxides (NO,) carbon oxide (CO), and concen-
tration of suspended particulate matter ( PM,). Annu-
al reports regarding air quality in urban agglomera-
tions of Silesia were corrected based on diurnal and
monthly patterns in the air pollution (Fig. 1). Since the
study subjects were inhabitants of Bytom, annual re-
ports were prepared for the city including mean levels
of pollution and concentrations exceeding reference
ranges in the whole measurement period. Standards
for these pollutants are set by the Directive
2008/50/EC of the European Partliament and of the
Council of 21 May 2008 ‘on ambient air quality and
cleaner air for Europe’.

Data are presented as means +SD. All data were
tested for normal distribution and were analyzed with
the two-way ANOVA. Significant differences in spiro-
metric values, cardiorespiratory and physical efficiency
variables in relation to references ranges were detet-
mined using a #test. The relationships between
deficits in VC, FEV,, MVYV, and VO,,,. were checked
by Pearson’s correlation coefficient regression analysis.
Statistical significance was set at P<0.05.

REsuULTS

We found that long-term exposure to air pollution ex-
erts appreciable effects on respiratory function of
adolescent inhabitants of the Upper Silesian Industrial
Region. ANOVA revealed a significant influence of
high sulfur dioxide (SO,) concentrations on VC
deficit, calculated as the difference between measured
and reference values (VCd = VC-VCN) (F = 5.40;
P<0.01) (Fig. 2A). SO, concentrations also significant-
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Fig. 1. Average annual pollutant
concentrations in the city of By-
tom. Filled bars show the norm
v for each pollutant.
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ly reduced respiratory function (FEV,d; I = 4.53;
P<0.05) (Fig. 2B). Older subjects showed larger
deficits in predicted values for FEV, and FVC than
younger subjects. Similatly, there was a significant ef-
fect of increased carbon monoxide (CO) concentra-
tion on differences between VC and FEV, and the
predicted VC and FEV,; (F = 5.25; P<0.01 and F =
4.24; P<0.05, respectively). These associations be-
tween estimated air pollution exposure and lung func-
tion appeared to be significantly stronger in older chil-
dren; although as expected, no differences were
observed between boys and girls (P>0.05) (Fig. 2A
and B).

The mean VC was within normal range (over 80%
predicted value) in 76.9% of all gitls and boys exam-
ined. However, 13.1% of adolescents showed a
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VC<80% suggesting a restrictive pattern (Table 1).
Compared with the reference range, the mean FEV,
was significantly lower in both male and female ado-
lescents exposed to air pollution (P<0.01). Significant
differences in FEV, were associated with significantly
lower value of FEV, expressed as %VC. Approxi-
mately 6% of the subjects reported a history of doc-
tor-diagnosed asthma and 12.6% had symptoms of
obstructive pulmonary disease (FEV,; <70% VC). Dif-
ferences were noted in average annual concentrations
of SO,, PM;y, and CO with significantly higher air
pollution before the year 2000 (Fig. 1). A negative cot-
relation was found between VC deficit and SO, con-
centration (r = -0.25; P<0.05) (Fig. 3A), and between
FEV, deficit and SO, (r = -0.21; P<0.05) (Fig. 3C).
The estimated pollution effects of CO were negatively
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Fig. 3. Correlations between annual percentage increases in sulfur dioxide (SO,) (Panels A and C) and carbon monoxide (CO)
(Panels B and D) concentrations and vital capacity (VCd) and forced expiratory volume in one-second (dFEV,d) deficits.
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correlated with VCd (r = -0.33; P<0.01) and FEV d (¢
= -0.32; P<0.01) (Fig. 3B and D).

Exposure to air pollution was associated with re-
duced results of running exercise tests (Table 1). The
values of predicted and measured exercise test results
(Norm — ExT) correlated with increased SO, concen-
trations (r = 0.36; P<0.001). A significant correlation
was observed between VO, and FEV, (F = 11.52;
P<0.001) as well as between VOgy(,, and MVV (r =
0.64; P<0.001). Interestingly, no correlation was seen
between long-term exposure to air pollutants and
VOotax:

DiscussioN

The data from this research indicate that exposure to
air pollution is associated with reduced respiratory
function and may lead to physical efficiency decline in
children and adolescents. We suggest that pollution-re-
lated reduction of lung function in childhood might
be related, at least partially, to long-term exposure to
particulate air pollutants, and especially in those chil-
dren who spend more time practicing outdoor sports.

In recent years, much attention has been given to
review reports on the early effects of air pollution on
health |2, 3, 17, 18]. The evidence suggests the effects
are the largest in the group under 18 years of age who
are more sensitive to the effects of Os, SO,, PM, and
NO,, and are therefore at risk [4]. It has also been
documented that deficits in growth of lung function
(FEV,, FVC), maximal mid-expiratory flow (MMEF),
and FEF,; were associated with exposure to particles
with aerodynamic diameter less than 10 ug (PM,),
NO,, and inorganic acid vapor [6, 7]. Urban air pollu-
tion was associated with reduced expiratory flows in
schoolchildren aged 9-14 years who lived and attended
schools close to heavy-traffic roads |2, 12]. Cross-sec-
tional studies have also found associations between
several pollutants, respiratory infections and asthmatic
and allergic symptoms in young children |2, 3, 9]. Syn-
ergistic effect of air pollutants (SO,, PM, NO,) signifi-
cantly increased the frequency of upper respiratory in-
fections and the incidence of asthma during the first 4
yrs of live [3]. Our study revealed a high correlation
between SO, and CO concentrations and a deficit in
both vital capacity (VC) and forced expiratory volume
in 1 second (FEV)) in all examined adolescents; the ef-
fects were more pronounced in the oldest participants
who had been exposed to SO, and CO emission/very
high emission already during the first 4 years of life.
The present findings of associations between expo-
sure to air pollutants and respiratory symptoms in
children are consistent with the results reported in the
literature on the subject [18, 20, 21].

It is worth pointing out that sulfur dioxide (SO,)
and carbon monoxide (CO) are emitted in a variety of
industrial regions [11, 19]. It should be emphasized
that Polish air quality standards meet World Health
Organization recommendations only recently; before
1998, higher air pollution limits were permissible. The
present paper summarizes the data concerning average
concentration levels of air pollutants in Bytom, one of
the most polluted cities in the Upper Silesian Industri-
al Region. Some studies found associations between
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sulfur dioxide (SO,) exposure and daily mortality [19].
Asthmatics revealed significant, non-threshold rela-
tions between SO, and decrements in FEV, [19, 22].
The health effects of CO include hypoxia, neurologi-
cal deficits and neurobehavioral changes and cardio-
vascular diseases [17, 21]. The latter seem to develop
even an at very low CO level, which suggests that in-
creased CO concentrations observed in the present
study may have exerted a decremental effect on pul-
monary function. Although we did not analyze differ-
ences in lung function between children who were
spending most of their time outdoors as compared
with those who were not, it can be hypothesized that
higher concentrations of SO,, CO, and PM in ambient
air were responsible for the observed deficits in lung
function. Although analyses of variance showed sig-
nificant independent effects of each pollutant, some
effect of air pollution mixtures cannot be ruled out
[11]. We observed no consistent relationships between
lung function deficits and NO,, which is a common
indoor pollutant. However, carlier analyses revealed
lower levels of FEV, and FVC among children living
in homes with high NO, emission [22]. Other studies
on the effect of indoor NO, on children’s lung func-
tion suggest some association between respiratory
symptoms and NO,, mainly among children with asth-
ma [6]. Short-term exposure to nitrogen dioxide
(NO,) exposure seems to have a slight negative effect
on lung function parameters in children [8, 23]. With
long-term exposure, children, but not adults, exhibit
increased respiratory symptoms, decreased lung func-
tion, and increased incidences of chronic cough, bron-
chitis, and conjunctivitis [14, 19]. Thus, apart from
health effects of breathing polluted air during rest,
high ventilation during physical activity may also be
implicated in reduced lung growth [24, 25]. This could
occur, for example, if children participate in physical
activity lesson in polluted area. Experimental evidence
also suggests that the estimated deficits in lung func-
tion are generally larger for children spending more
time outdoors than in children who spent more time
indoors [6]. We can speculate that lower results ob-
tained by our study participants during running tests
may be associated with limited pulmonary adaptation
ot/and depend on high ambient particles concentra-
tion in breathing air. Therefore, very active children
are more susceptible to the dangers of air pollution.

A major limitation of this study is the lack of a
control group from an unpolluted area. A longitudinal
study involving a larger number of participants and a
suitable control group would be needed to evaluate
possible adverse effects of physical activity in areas
with high levels of air pollution.

In summary, long-term exposure to air pollution
turned out to be associated with deficits in pulmonary
function levels. Among children exposed to SO, and
CO the deficits were large enough to be potentially
clinically significant. The observed reduction in lung
function may lead to physical efficiency decline in
childhood; it may also increase the risk of obstructive
lung disease and morbidity associated with low FEV,
in adulthood. We suggest that pollution-related reduc-
tion of lung function in childhood might be related, at
least partially, to long-term exposure to particulate air
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pollutants, and especially in those children who spend
more time practicing outdoor sports.
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