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Summary. Exposure to air pollution can lead to pathological conditions such as anemia. The aim of the study was to
assess the frequency of anemia in pregnant women exposed to different and substantial quantities of air pollutants.
The subjects were pregnant women (n = 327), aged 20-30, non-smokers, in good physical condition, living for more
then five years in Nis and Niska Banja and not exposed to harmful agents at working place. Blood specimens were
gathered from the subjects in each trimester of pregnancy in the laboratory of Ni§ Health Center. Anemia was
diagnosed for the values of hemoglobin < 105 g/l and hematocrit < 34%. The measurement of air pollutants, sulphur
dioxide (SO,), soot and lead (Pb) in sediment matters in the air was carried out daily at two locations in Nis (Trg
Knjeginje Ljubice) and Niska Banja during the period 1998-2002, as well as in each trimester of pregnancy during
2003. We calculated the Air Quality Index (AQI) for both areas. Our results show that the occurrence of anemia in

pregnancy is significantly higher in pregnant women exposed to higher concentration of air pollutants.
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Introduction

The World Health Organisation has warned that
chronic exposure to low concentrations of air pollutants
can potentially cause anemia in humans (1). Most air
pollutants reach the blood very fast without previously
bio-transformed.

The hematopoietic system is highly sensitive to air
pollutants as its cells renovate continually. The biologi-
cal mechanisms by which air pollutants may interfere
the process of red blood cells production are reflected in
the synthesis of heme, the forming of red blood cells,
and its life-expectancy (2,3). Toxic materials from the
air lead to significant damage to red blood cells such as
reduced hemoglobin concentrations, the number of
erythrocytes and hematocrit, thus leading to anemia.

It is well known that anemia is the most frequent
pathological condition in pregnant women. An analysis
of anemia etiology in pregnancy is most important as it
provides the basis for preventive care that, if adequate,
can reduce the risk of pre-term delivery and infant low
birth weight (4,5).

Aim
The aim of the study was to assess the frequency of

anemia in pregnant women exposed to different and sub-
stantial quantities of air pollutants.

Subjects and Methods

The subjects were 327 pregnant women, divided into
two groups on the basis of exposure to air pollution. The
exposed group comprised 174 pregnant women, average
age 28.25 + 5.07, living for more then five years in Nis.
The control group included 153 pregnant women, aver-
age age 27.73 £4.76, living in Niska Banja. The preg-
nant women form both groups had been fully healthy
before gravidity, non-smokers, and professionally unex-
posed to harmful materials.

Blood specimens were gathered from the subjects in
each trimester of pregnancy in the laboratory of Nis
Health Center. Anemia was diagnosed for the values of
hemoglobin < 105g/1 and hematocrit < 34%. The levels
of statistic significance of the measured hematological
parameters between the exposed and control group were
determined using a Student's T-test.

Outdoor air pollutants, sulphur dioxide, soot and
lead in sediment matters, were monitored in the Institute
of Public Health in Ni§, during the period 1998-2002
and in each trimester of the subjects' pregnancy in 2003.
The pollutants were measured at two locations, in the
center of Ni§ (Trg Knjeginje Ljubice) and in the center
of Niska Banja. The ratio of air pollutants was deter-
mined and commented upon in accordance with the
Regulation of Guideline Values of Emission (Official
Bulletin of the Republic of Serbia No. 54/92). The lev-
els of statistic significance of the measured air pollut-
ants concentrations in the air at the locations were de-
termined using a Student's T-test.
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The Air Quality Index (AQI) calculated for sulphur Table 3. Statistic significance of differences

dioxide and soot is recommended by the European in pollution levels during the period 1998-2002
Commission, wherein we used Emission Marginal Val- —
. Statistic
ues and average annual concentrations. Table 1 shows Pollutant
. . T-test p-value
the correspondences of the Air Quality Index values to 30 3.07 2001 *
the air quality categories. Soét 17.94 <0.0] *
Pb 3.91 <0.001*
Table 1. Classification of air quality * statistic significance
according to the Air Quality Index values
Air Quality Index Values Air Quality Table 4 shows the average pollutant conce.ntra.tlons
<04 Good by areas for each trimester of pregnancy. This differ-
0.4-0.6 Moderate ence is statistically significant (Table 5).
0.6-0.8 Unhealthy for Sensitive Groups The calculated values of AQI by areas during the pe-
0.8-1.0 Unhealthy riod 1998-2003 are shown in Table 6. AQI in Ni§ had
>1.0 Very Unhealthy values from 0.52 to 1.12 and the air quality was de-
graded, while AQI in Niska Banja had values from 0.72
Statistically significant differences in anemia inci- to 0.34 and the air quality was preserved.
dence in pregnant women exposed to different and sub-
stantial concentrations of air pollutants were determined Table 6. Values of AQI in two areas
using a Pearson's chi-squares test. and classification of air quality
v Nis Niska Banja
car
Results AQI  Air quality AQI  Air quality
All concentrations of the air pollutants measured iggg 822 Hnﬁeaﬁﬁy g§2 (G}OOS
during the period 1998-2002 at the location in Ni§ were : nheatthy . 00
unng the b W 2000 1.02  Unhealthy 0.07  Good

h‘%‘er Wwhen Comp(aired LO tlhe cf’n“.’mlr\?.tfinsBOf the Tsag}e 2001  1.08 VeryUnhealthy 0.6 Good
pollutants measured at the location in Niska Banja (Table 2002 112 Very Unhealthy  0.17  Good
2). This difference is statistically significant (Table 3). 2003  0.52 Moderate 0.07 Good

Table 2. Pollutant concentration in two areas The relation between concentrations of hemoglobin
during the period 1998-2002 and hematocrit and exposure to air pollution is given in

Table 7. The average hemoglobin concentrations and
Measure oo ant X SD €50 €98 Min  Max & &

station hematocrit are statistically significantly higher in con-
Ni§, Trg SO, 1291 13.11 124 30.6 0.0 74.6 trols.

Knjeginje Soot’ 3533 31.95 244 140 0.0 227 The occurrence of anemia during pregnancy in both
Ljubice Pb’T  65.66 28.55 39.9 - 3.8 80.24 groups is given in Table 8. Out of a total number of the
Nitka SO, 5351082 26 270 0.0 428 pregnant women exposed to higher concentrations of air
Banja Soot  1.33 475 0.0 188 0.0 262 pollutants in Ni§, 12.64% were anemic. In Niska Banja,

Pb 2594 2251 137 - 0.0 80.94
fpg/m’, +pg/m’

the percentage of anemia was, however, lower (5.88%).

Table 4. Pollutant concentrations in two areas during 2003

Trimester Measure station in Ni§ Measure station in Niska Banja

of pregnancy SO, X+SD Soot X+SD Pb X+SD SO, X+SD Soot X+SD Pb X +SD
First 22.45+18.21 40.66+29.06 7.2+11.06 4.33+1.12 0.33+3.09 2.09+8.03
Second 15.33+9.23 25.67+£30.11 5.3+43.11 0.33+4.71 0.01+1.06 2.97+5.18
Third 14.33+16.98 29.67+30.65 9.43+13.64 1.20+£6.19 0.14+2.29 3.27+2.54

Table 5. Statistic significance of differences in pollution levels during each trimester of pregnancy in 2003

Pollutant
Statistics SO, Soot Pb
1 11 111 I 11 111 1 11 111
t-test 9.96 3.95 14.69 20.21 16.57 9.95 223 2.12 8.13

p-value <0.01* <0.01* <0.01* <0.01* <0.01* <0.01* <0.05* <0.05* <0.05*

* statistic significance
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Table 7. Statistic significance of differences between average concentrations of hemoglobin and hematocrit

Trimester of Exposed group Control group
pregnancy Hb(g/l) H(%) Hb(g/l) Ht(%) ttest p-value
First 103.434+8.62 0.31+0.03 128.72+6.57 0.39+0.02 15.07 p<0.01*
Second 89.74+5.72 0.27£0.02 113.86+5.56 0.35+0.01 15.83 p<0.01*
Third 98.81+9.53 0.30+0.03 115.23+5.38 0.36+0.01 17.95 p<0.01*

* statistic significance

Table 8. Occurrence of anemia in pregnant women
as compared to exposure to air pollution

With Without
Subject anemia anemia Total * p-value
Number % Number %
Exposed 5y 1264 152 8736 174
group
%
Control o §g8 144 o412 153 [L18P0O
group
Total 31 948 296 90.52 327

* statistic significance

After statistic application of a chi-square test, it was
confirmed that there was a significant difference in
anemia incidence in pregnant women exposed to higher
concentrations of air pollution, when compared to those
pregnant women who were exposed to lower concentra-
tions of air pollution.

Discussion

Although concentrations of sulphur dioxide and soot
have been significantly decreasing worldwide in the last
ten years, the present concentrations in the air are still
an important threat to human health. Therefore, it is
necessary to accomplish detailed analyses of the influ-
ence of these air pollutants upon sensitive groups of the
population, such as children, pregnant women, old peo-
ple and subjects suffering from chronic diseases.

Given our data, one should notice that the concen-
trations of sulphur dioxide, soot and lead in sediment
matters at both of the measuring locations do not show
higher concentration values than the allowed maximum
according to the Regulation of Guideline Values of
Emission prescribed by our country (6). However, even
as such they can significantly harm human health (7,8).

The European Commission has suggested that the
Air Quality Index is more representative in case the air
quality date is used for health risk study (9). According
to the Air Quality Index values, the air in Niska Banja
was "good", which means the air quality is considered
satisfactory and air pollution poses little or no risk. At
the same time, the air in Ni§ was "unhealthy or moder-
ate", which means that the members of sensitive groups
are likely to be affected by lower levels of concentra-
tions compared to the rest of the population, and they
may experience more serious health effects.

It is well known that pregnancy is a specific condi-
tion and that pregnant women are more sensitive to the
effects of all environmental factors than the rest of the

human population. An analysis of each symptom and
disease in pregnancy is most important as it provides the
basis for preventive care which, if adequate, can reduce
the risk of miscarriage, pre-term delivery and congenital
malformations of the fetus.

The effects of air pollution on red blood cells have
been investigated mostly in children (10,11). Air pollut-
ants present in the environment largely damage cell
immunity and change the intensity and course of iron
metabolism in the body, which results in iron-deficient
anemias with very low values of hematocrit and hemo-
globin. Also, lead can damage the erythrocytes' mem-
branes, resulting in anemia.

The cause of anemia is the lack of iron, which is
treated with ferrous preparations per os accompanied by
mandatory monitoring of pregnant women's hemato-
logical reactions. Parenteral therapy has no advantages
over oral therapy, since hemoglobin levels increase only
2-4 days later than after per os (12,13). More severe in-
pregnancy anemias can be treated by recombinant
erythropoietin (14). Since iron preparations are a bit
harder to endure, most perinatologists suggest that this
therapy, along with folic acid preparations, should be
given during the second half of pregnancy (15).

This investigation has shown that a long-term expo-
sure to air pollution positively corresponds to the occur-
rence of anemia among pregnant women. It was diffi-
cult to find a greater number of pregnant women due to
the low birth rate in our country. However, at the time
of the study, our subjects had been living for more then
five years in the same place and the long-term exposure
to air pollutants influenced the occurrence of anemia in
pregnancy. Naturally, other factors (genetic disposition,
nutrition habits, etc.) contributed to the detected low
concentrations of hemoglobin and hematocrit.

Further study is needed to disentangle this interaction
and the underlying mechanisms, but the balance of evi-
dence remains that outdoor air pollution has at most a
modest effect on the occurrence of anemia in pregnancy.

Conclusion

The occurrence of anemia in pregnancy was initiated
by numerous integrated risk factors, and air pollution
can quite clearly be one of the reasons for this occur-
rence.

Air pollution monitoring is highly important in order
for population exposure to be assessed. Monitoring the
influence of air pollution on pregnancy and its outcome
should be intensively pursued in the future, too.
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POVEZANOST IZMEDU IZLOZENOSTI AEROZAGADENJU
1 POJAVE ANEMIJE U TRUDNOCI

Aleksandra Stankovi¢, Dragana Nikié, Maja Nikolié

Univerzitet u Nisu, Medicinski fakultet

Kratak sadrzaj: IzloZenost aerozagadenju dovodi do pojave razlicitih patoloskih stanja, a jedno od njih je i pojava
anemije. Cilj ovog istrazivanja je bio ispitivanje meduzavisnosti izmedu izlozenosti aerozagadenju i ucestalosti pojave
anemije kod trudnica. Ispitivanjem je bilo obuhvaceno 327 trudnica, nepusaca, starosti od 20 do 30 godina, koje zive
duze od pet godina u Nisu i Niskoj Banji, i koje su bile dobrog zdravstvenog stanja pre trudnoce, profesionalno
neeksponirane Stetnim noksama.Koncentracija hemoglobina i hematokrita je odredivana iz uzoraka krvi trudnica u
svakom trimestru trudnoce u laboratoriji Doma zdravija u Nisu. Polutanti iz vazduha, sumpor dioksid, cad i olovo u
sedimentnim materijama, mereno je svakodnevno na dva merna mesta, u Nisu (Trg Knjeginje Ljubice) i Niskoj banji, u
periodu od 1998-2002. i tokom Ccitave trudnoce ispitivanih trudnica, tokom 2003. godine. Za oba podrucja
izracunavan je i indeks kvaliteta vazduha. Pojava anemije je bila statisticki znacajno veca kod trudnica izlozenih
aerozagadenju u odnosu na pojavu anemije kod trudnica kontrolne grupe. Izmedu prosecnih koncentracija
hemoglobina i hematokrita izmedu eksponirane i kontrolne grupe takode je nadena statisticka znacajnost. Dalja
istrazivanja u ovoj oblasti su pozeljna i potrebno ih je sprovesti na ve¢em broju ispitanica.

Kljucne reci: Aerozagadenje, anemija, trudnoca



