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Ambient air pollution and respiratory health in the east Baltic region
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Air pollutants of primary concern to human health in the east Baltic region include particulate matter and sulfur
dioxide. Exposure to elevated levels of nitrogen dioxide and ozone is also widespread. Coal-fired power and heavy
industrial plants not fitted with efficient air treatment equipment constitute major sources of air pollution.
Domestic heating with coal causes high local levels in some areas. The rapid growth of motor vehicle traffic results
in increased emissions, predominantly in densely populated areas. Several epidemiologic studies performed in the
east Baltic region, mainly in Poland, have documented an association between air pollution exposure and adverse
health effects, primarily in the respiratory tract. Short-term exposure to ambient air pollution has been related to an
increase in mortality and hospital admissions for illnesses of the respiratory tract. The associations were mainly
seen for particulates or sulfur dioxide, and thus they confirmed the findings from other parts of Burope and the

United States.

Key terms health impact, international comparisons, outdoor air pollution, respiratory symptoms.

From both the clinical and public health perspective the
most common environment-related health problems in the
countries around the Baltic Sea concern exposure to ex-
cessive levels of air pollutants, and tens of millions of
inhabitants are possibly affected (1). Ambient air pollu-
tion resulting from the combustion of fossil fuels includes
emissions from power plants (stationary sources), motor
vehicle engines (mobile sources), and household sourc-
es. Power plant emissions are largely responsible for at-
mospheric sulfur dioxide and for a complex array of re-
spirable particulate matter. The latter includes nitrates,
acid sulfates, and other sulfate salts generated secondar-
ily in the atmosphere, metal salts and carbonaceous par-
ticles. Waste incinerators, smelters, and other industrial
activities may be responsible for emissions of a variety
of acidic, organic, and metallic compounds that cause
local changes in air quality.

The main cause of air pollution in central and east-
ern Europe is the extended use of coal-fired power and
heavy industrial plants that are not fitted with efficient
air treatment equipment. However, current figures reveal
that a sharp decline in industrial production following the
economic difficulties of transition was accompanied by
a decrease in air pollution levels (figures 1—2). In some
central and eastern European countries, such as Poland,
efforts aiming at implementing environmental protection

programs have brought about a substantial reduction in
the emission of classical air pollutants (figure 3).

The available data on communal air pollution across
western and eastern Europe are related to classical air
pollutants in towns and big cities. Presumably, up to 30%
of the European population can experience these pollut-
ants in concentrations exceeding the daily air quality
guideline levels of the World Health Organization
(WHO), although for most of the people the exposure is
limited to less than 30 days a year. The proportion of city
residents with high long-term average levels were mark-
edly higher in central and eastern Europe than in west-
ern countries (figures 4—5). The comparison of annual
mean sulfur dioxide levels before and after 1985, for cit-
ies with data from both periods, as well as the trends from
several other cities, indicates a decrease in the average
sulfur dioxide pollution levels over the decade. The high-
est annual average concentrations reported at the end of
the 1980s occurred in Leipzig (200 ug/m?). On the aver-
age, over 50% of the population living in cities in the
former United Soviet Socialist Republic (ex-USSR) ex-
perienced days with pollution levels exceeding the daily
guideline level of 125 pg/m?. In central and eastern Bu-
rope and the ex-USSR, the levels were higher than 200
ig/m? on most of these days, and levels of >125 pg/m3
were more common than in western countries (1).
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Figure 1. Exposure of the urban popula-
tions to suspended particulate matter (an-
nual mean concentrations of suspended
particulate matter >50 pg/m3) [air quality
guideline (annual mean concentraion = 50
1g/ms) of the World Health Organization].

Figure 2. Exposure of the urban popula-
tions to sulfur dioxide (annual mean con-
centrations of sulfur dioxide >50 pg/m?)
[air quality guideline (annual mean con-
centraion = 50 pg/m?) of the World Health
Organization].
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Figure 3. Trends in emission of total suspended particulate (TSP) matter, sulfur dioxide (SO,) and nitrogen oxides (NO,} in Poland over the last

10 years (1986—1995).
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Excess pollution was estimated for large parts of central
Europe, the highest levels estimated being >350 pug/m?
for up to 10 days in the Black Triangle, an area between
the former German Democratic Republic, ex-Czechoslo-
vakia and Poland. In the northern Bohemia region of the
Czech Republic, where low-grade coal is used for power
generation and metal smelters predominate in industry,
maximum concentrations of sulfur dioxide (1-hour meas-
urements) can be as high as 2500 pg/m? during inversion
periods (150 pg/m? being the maximum permissible lev-
el).

Health effects of outdoor air pollutants

Health effects due to air pollution are manifested in var-
ious ways, but mainly they pose a risk to the respiratory
tract. Particles, sulfur dioxide, and acid aerosols form a
complex group of pollutants that have common sources
and usually co-vary in concentration. These air pollut-
ants, possibly combined with other harmful agents and
unhealthy life-style behavior, can damage the general
health of the population, not only the respiratory tract.
The evidence linking air pollution to respiratory ef-
fects comes from a variety of disciplines, including epi-
demiology. Health effect end points include

year.

cardiorespiratory mortality, morbidity as measured by
hospital admissions or physician visits, symptom report-
ing, lung function testing, medication use, and altered
host defense (table 1). The estimated effect of changes
in air pollution levels on the various health end points is
presented in table 2.

For some of the observed effects, the mechanisms and
specific toxicants responsible remain unclear, for exam-
ple, regarding the excess morbidity and mortality report-
ed to be associated with increases in PM;, (PM = partic-
ulate matter <10 wm). A recent hypothesis suggests that
ultrafine particles may be particularly harmful, with ef-
fects mediated through the generation of free radicals and
independent of particle composition. For example, parti-
cles of carbon black 20 nm in diameter have been shown
to be capable of generating free radicals, as have sam-
ples of urban PM,,. Animal studies indicate that fine
particles are associated with a wide variety of organic
species and that, in some locations, aerosol nitrates and
sulfates constitute a considerable fraction of the PM,, (3).

Excess in cardiorespiratory mortality

There is evidence coming from central and eastern Eu-
ropean countries that a short-term increase in the
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Tahle 1. Health effects and biological markers or response asso-
ciated with air pollution.

Effect Biological marker or response

Tahle 2. Percentage of change in various health end points per
10 ug/m? increase in concentration of particulate matter (PM)
(2). (GOPD = chronic obstructive pulmonary disease)

- Health end point Total PM;q PM, 5
1. Excess cardiorespiratory  Death from heart or lung disease in suspended
mortality excess of number expected particulates
2. Increased health care Increased hospitalizations, physician
utilization visits, emergency department visits Total daily mortality 0.6 1.1 1.7
3. Asthma exacerbations  Increased physician visits, medication use Respiratory mortality 1.7 -
Decreased peak flow measurements Gardiovascular mortality 0.9 1.7
4. Increased respiratory Increased respiratory infections, Hospital admissions(all) 5.7
iliness physician visits, episodic symptoms Hospital admissions asthma 3.5
5. Increased respiratory Hospital admissions COPD in elderly 3.3
"symptoms Emergency room visits 0.3 3.4
. . . Bronchodilator use among asthmatics 7.0
6. Decreased lung function rSe;)Siigr;nectgy, peak flow rates, airway Symptom exacerbations among asthmatics 5.0
. . Upper respiratory symptoms 1.5
7. Increased airways Altered response to challenge with .
reactivity methacholine, carbachol, histamine, Lower respiratory symptoms 2.6
cold air Gough symptoms 2.4
8. Pneumonia Influx of inflammatory cells, mediators, Peak expiratory flow 0.13
proteins
9. Altered host defense Altered mucocillary clearance, macro-
phage function, immune response
RR
1.2
Sulphur dioxide Black smoke
1.1
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Figure 6. Relative risk (RR) of death
(and 95% confidence interval) asso-
ciated with a 100 pg/m3 increase in

the daily concentration of air pollut-
ants in Krakow, 1992—1995,

Figure 7. Mortality change overa 15-
year period (1980—1994) for lead-
ing causes of death and change in air
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concentration of a pollutant in the atmosphere, especial-
ly of particulate matter, may result in an increase in mor-
tality in the days following the episode and that this phe-
nomenon occurs even at moderate or relatively low pol-
lutant levels (4). A study on the short-term effects of air
pollution on mortality among inhabitants in Krakow over
a 4-year period (1992—1995) has shown a significant
positive association between mortality from all causes,
as well as from cardiovascular diseases, and particulate
matter measured by black smoke but not sulfur dioxide
(figure 6). A similar analysis performed by Wojtyniak &
Piekarski (5) in 4 major cities in Poland showed a clear
relationship between black smoke and mortality in Lodz
and Krakow; however, in other large cities (Poznan,
Wroclaw) the positive association was much weaker.

It has been shown in a long-term monitoring study
of adults in Krakow that a decrease in black smoke and
sulfur dioxide levels in the city was associated with a
downward trend in age-standardized respiratory mortali-
ty rates over 20 years. Although individual risk factors
such as smoking habit or occupational hazards were not
considered, the prevalence of cigarette smoking and em-
ployment in heavy industry did not change drastically
over the study period (figure 7).

Increased respiratory morbidity

Epidemiologic studies concerning the acute effects of air
pollution on health have been carried out in areas fraught
with a potential smog hazard in the former East Germa-
ny. Bredel & Herbarth (6) and Herbarth (7, 8) published
investigations on acute effects of air pollution over a pe-
riod of 6 and 8 years, respectively. A significant correla-
tion was found between air pollution measured by sulfur
dioxide and specific morbidity as determined by emer-
gency calls. The relationship between cases of illness of
the respiratory tract, especially among children, and un-
favorable air pollution was particularly marked. During
smog situations concentrations of sulfur dioxide of more
than 4.5 mg/m? (30-minute average) or 2.5 mg/m? (24-
hour average) were observed. The findings were con-
firmed by an investigation carried out in another heavily
polluted city (Halle), in which the same methods of anal-
ysis were applied. An increase in the number of emer-
gency calls due to illnesses of the respiratory tract was
observed at sulfur dioxide concentrations of 0.8 mg/m>
for adults and 0.24 mg/m?3 for children (daily averages).
The respiratory effects usually appeared with a time de-
lay of 24 hours.

An analysis of association between number of daily
office visits to a general practitioner and air pollution
(sulfur dioxide, suspended particulate matter, nitrogen
dioxide and fluorides) was carried out in Krakow (9). The
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daily number of visits and specifically those due to res-
piratory diseases was clearly related to the sulfur diox-
ide concentrations. High concentrations of suspended
particulate matter were associated with a greater number
of visits due to cardiovascular effects, but only on warm
days. Some association was also found for higher levels
of nitrogen dioxide and fluorides with the number of vis-
its.

Allergic disorders have been analyzed for 2800 chil-
dren referred to the outpatient pneumonological clinic in
Szczecin over a 5-year period (10). The authors found a
higher frequency of visits due to allergic problems among
very young children (<3 years old) living in the Police
region than in the rural control area. In Police, with a
big chemical plant producing fertilizers, the concentra-
tion of fluorides and sulfuric acid in the air was very high
and greatly exceeded hygienic standards.

Increased respiratory symptoms in children and
adults

Kleine (11), from former East Germany, demonstrated
that there are spatial differences in the prevalence of
some diseases of the respiratory tract in territories dif-
fering in air pollution. The data came from a question-
naire survey of children born in the regions of Bitterfeld
and Wismar in 1982, Bronchitis, pseudocroup, and chron-
ic cough were significantly more common in the chil-
dren from Bitterfeld (3 times more frequent than in Wis-
mar).

The respiratory function of 721 schoolchildren from
a polluted region in former Czeckoslovakia was exam-
ined by Bistraninova & Kotesovec (12). The authors
found a seasonal variation in respiratory function values.
The lowest values were observed in March, and it was
assumed that this difference was due to the high degree
of pollution in the preceding winter period.

Population studies comparing the prevalence of res-
piratory disorders in children 9—10 years of age have
been carried out in 3 areas with differing air pollution
levels in upper Silesia. In the less polluted area (Zaw-
iercie) the prevalence of acute diseases of the upper res-
piratory tract was much lower (17.3%) than in the high-
ly polluted towns (Chorzow, Olkusz), for which the rates
were 55.6% and 66.0%, respectively. There was no cor-
relation between the degree of air pollution and spiro-
metric testing, The annual mean sulfur dioxide concen-
tration in the most polluted town (Chorzow) was 174 mg/
m?, in the less polluted town of Olkusz it was 11—96
mg/m?), while in the control area it was only 32 mg/m?
(13).

Sram (14), from the Czech Republic, published an
epidemiologic study on respiratory effects of air
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pollution in a large sample of 2nd, 5th, and 8th grade
schoolchildren in the Teplice and Prachatice districts.
The data showed that long-term exposure to high levels
of classical pollutants was associated with an increased
prevalence of cough and wheezing, as well as of wheez-
ing bronchitis and asthma, but not of hay fever. Mater-
nal smoking and childhood infections before 2 years of
age were also associated with wheezy bronchitis and
asthma. Odds ratio estimates for respiratory symptoms
were significantly higher in the more polluted areas (fig-
ure 8). The study indicated that there is an interaction
between living in a highly polluted area and maternal
smoking in relation to childhood asthma. It should be
noted that many children from the study were born dur-
ing the early 1980s, when pollution levels in the district
of Teplice were at maximal levels.

Several epidemiologic studies have been carried out
on air pollution and respiratory diseases among adults in
upper Silesia. One of these studies was performed on the
population in urban and rural regions of the county of
Toszek (15). Chronic bronchitis was found in 24.3% of
the men and 7.5% of the women living in the city and in
19.8% in the men and 3.0% of the women from the rural
region. Symptoms of chronic bronchitis were seen more
frequently in the nonsmokers living in the town than in
those living in the rural region.

Decrease in lung function

To evaluate the effects of ambient air pollution in Kra-
kow on lung function was one of the objectives of a lon-
gitudinal study on chronic airway diseases (16—18). The
study was based on a random sample of permanent Kra-
kow residents, age 19—70 years in 1967. Interviewers
using the Medical Research Council questionnaire col-
lected data from 4355 subjects. Similar interviews were
performed 13 years later (1981) with 3082 subjects (ie,
80% of the survivors of the original group). All the re-
spondents were invited to spirometric testing. For 1824
subjects, a spirometric test was performed in both the

Odds ratio

1968 and 1981 surveys. Data on ambient air pollution
was obtained from routine measurements performed by
the Sanitary-Epidemiological Station. The concentrations
of particulate matter, measured as black smoke and sul-
fur dioxide, were measured in 17 locations in the city.
Apart from the classical air pollutants, the sulfur trans-
formation rate (STR) (ie, proportion of sulfate sulfur,
SO, in total sulfur) was also measured, and it can serve
as a surrogate indicator of acid aerosols in ambient air.
For the analysis of the relation between respiratory symp-
toms and ventilatory function and air pollution, the city
was divided into areas A, B, and C. Area A, the eastern
part of the city, had a high sulfur transformation rate
(40%) and low concentrations of particulate matter and
sulfur dioxide. Area B, the western part of the city, had
an intermediate sulfur transformation rate (15%) at low-
er levels of particulate matter and sulfur dioxide Area
C, the central part of the city, had a low sulfur transfor-
mation rate (10%) and high concentrations of PM,, and
sulfur dioxide. The region with the highest levels of par-
ticulate matter (mean daily concentration 180 mg/m3) and
sulfur dioxide (mean daily concentration 114 mg/m®) was
situated within area C and was contrasted with the re-
maining part of the town, with mean concentrations of
109 and 53 mg/m3 for particulate matter and sulfur diox-
ide, respectively.

The results of the analyses for the 3 areas of Krakow
indicated that the decline in forced expiratory volume in
1 second (FEV, ;) was related to the acid aerosol con-
tent. Area C, with a low sulfur transformation rate, and
thus presumably with a low concentration of acid aero-
sols, was considered a reference area, and areas A and
B, with higher sulfur transformation rates were treated
as the exposed areas. It was found that the FEV, , de-
cline rate in the 13-year follow-up was significant in area
A, which presumably had the highest level of acid aero-
sols. This effect was similar for smokers and nonsmok-
ers, and it was not modified by the reported occupation-
al exposures (table 3).

The Krakow follow-up study is the only one in Eu-
rope that has indicated a chronic effect of higher suifate
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content in urban air on lung function as strong as the det-
rimental consequences of smoking. It was evident from
the additional analysis that the effect of sulfate pollut-
ants and the sulfur transformation rate were not con-
founded by occupational hazards.

Exacerbations of asthma and atopy

Epidemiologic and controlled exposure studies of human
volunteers have shown that exposure to a variety of pol-
lutants induces asthma exacerbation. An interaction be-
tween pollutants and inhaled allergens, as well as an ef-
fect of pollutant exposure on base-line airway inflamma-
tion, may be important with respect to the pollutant-in-
duced exacerbation of asthma. Further studies of this type
of interaction, as well as of interactions between multi-
ple pollutants, may be crucial for the rational develop-
ment of intervention and regulatory strategies. Moreo-
ver, studies of sulfur dioxide exposure have shown that
exercising asthmatic subjects are sensitive to brief expo-
sures to sulfur dioxide. Some respond with bronchospasm
to sulfur dioxide concentrations as low as 0.25 ppm; the
bronchospasm is rapidly reversed by inhaled beta-adren-
ergic antagonists. However, such exposures do not ap-
pear to cause delayed or prolonged effects. The broncho-
constrictive response shares some features with exercise-
induced bronchospasm in subjects with asthma, although
the precise mechanism is not known (figures 9—10 on
page 12).

Forsberg et al (19), in a study of the relation between
asthma symptoms and air pollution on the basis of the
registration of symptoms in diaries, have found that the
risk of shortness of breath depends on the level of black
smoke in the community after adjustment for weather
conditions (temperature and humidity).

Numerous European studies have demonstrated an
increasing prevalence of asthma during recent decades.
The reason for this increase is not fully understood, but
in Sweden changes in the indoor environment are likely
to have contributed to the development. It has been sug-
gested that an increase in the allergen load of the indoor
environment has occurred. The most important domestic
allergens in Sweden are those derived from furred pets
and house dust mites. In several studies a relationship has
been demonstrated between bronchial asthma and sensi-
tization to furred pets (in the last 20 years in Europe there
has been a 2-fold increase in the presence of household
pets), as well as to house dust mites. In Sweden sensiti-
zation to furred animals is found in about 16—17% of
schoolchildren, and for those with atopy or asthma the
prevalence is 50% and 70%, respectively (20). During
the last 10—15 years there has been a 2-fold increase in
the prevalence of sensitization to house mites among at-
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Table 3. Effect of residence in areas with various levels of air
pollution on decline in forced expiratory volume in 1 second
(FEV, o) between 1968 and 1981 (ml/year) estimated in linear re-
gression models. (SE = standard error)

Factor Men (N=584) Women (N=830)

Coefficient2  SE  Coefficientr  SE

Area A (versus area C) 1.7 3.7 11.8** 2.4
Area B (versus area C) 11.9** 4.0 3.9¢ 2.4
Mean level of FEV, ¢ (dc) =14 0.2 -0.6** 0.2

Height (cm) 16 03 0.7* 0.3
Continuous smoking (CCC)

<15 cigarettes per day 14.0%* 5.3 6.1+ 3.7
>15 cigarettes per day 8.4 3.8 8.7** 3.3
Exsmoking (CCE+CEE) 14.6%* 45 0.8* 4.2
Constant -190.2 3941
R2 105 4.8

a Significance of the regression coefficients: + 0.05 P<0.10, * 0.01
P<0.05, ** P<0.01; # Terms not significant (P>0.10) and included in
the regression model.

opic children in Stockholm. Exposure to other risk
factors, such as tobacco smoke and other environmental
pollutants, is of importance and seems to increase the risk
of atopic sensitization and asthma (21).

The prevalence of symptoms suggesting current asth-
ma and asthma-related disorders was less common in
Estonia than in other Nordic countries, although respira-
tory problems in general were more common. A com-
parison of Tartu with Uppsala revealed that the preva-
lence of atopy was lower in Tartu and the profile of anti-
gens differed between the centers. There were also some
differences in risk factors for atopy and allergic respira-
tory diseases (19). In the Kaunas administrative district
of Lithuania (22), a study on asthma among 81 259 chil-
dren and particulate air pollution was carried out. There
were more cases of asthma among children under 15
years of age (6.5%) than in an area with lower levels of
total suspended particulate matter (3.2%).

The association of asthma and chronic bronchitis with
air pollution in residences was analyzed in a group of
Polish military conscripts over 3 years (1979—1982)
(23). A clear gradient of respiratory diseases was found
with the sulfur dioxide concentrations, along with a high
correlation for the rates of chronic bronchitis and asth-
ma with the level of air pollution. Since the diagnostic
criteria were based only on symptoms, a possible over-
reporting of symptoms by recruits from towns casts some
doubt on the reliability of the results.

The prevalence of atopic symptoms and positive prick
tests among 642 schoolchildren (aged 10, 12, and 14
years) from urban and rural areas of Sundsvall, Sweden,
was determined in 1988 (19). Urban living was a risk fac-
tor for at least 1 positive skin prick test to pollen or ani-
mal dander [odds ratio (OR 1.83, 95% confidence inter-
val (95% CI) 1.26—2.67]. Parental questionnaires, skin
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SO, ppb

13000 - <~ - greater response than to 5000 ppb
- airway resistance increased

5000 < - significant effect after 2 hours exposure with

intermittent light exercise

4000 4~ - fall in airway conductance

2000 4 - no change in lung function at rest, earlier change to mouth breathing on exercise
- slight increase in response to Na Cl in older subjects

1000 - < -no overall change in lung resistance, exposure: 10 min rest
- small increase in sRaw after 10 min with deep breaths

750 1 < ~no response after 4 hours including heavy exercise

600 1

200 < ~no change in lung function, exposure: 1 hour plus exercise

1
1ppb= gim’

Figure 9. Concentration of sulfur dioxide at which changes in lung function occurred in normal subjects. [Adapted from Suffur Dioxide, Acid
Aerosols and Particulates, Department of Health, London, Stationary Office, 1992]

SO, ppb
5000

¢ -2 of 8 subjects symptomatic after 1 min SO, with eupheanic volurtary hyperventilation (EVH)
- sRaw increased in all 10 subjects exposed for 1 h with intermittent exercise
- aRaw & symptoms increased in 12 asthmatic patients after 2 mins exposure+moderate exercise

750 | <~ -median PCyq sRaw for SO, in 27 patients with asthma (range 280-1900 ppb) with moderate
exercise
600 4 - large changes with 5 min+heavy exercise (n=23 and n=8)

- no change at rest, but sRaw increased if given with exercise or EVH, 7 of 8 patients
symptomatic after SO, for 3 & 5 min with EVH
- sRaw increased with moderate & severe but not light exercise for 5 mins when breathing

500 -
through face-mask, and severe exercise only with mouthpiece

400 - -small changes in hing finction with heavy exercise (n=23)

280 < -lowest PCyq sRaw with moderate exercise

200 4 ~some symptoms but no change in hung fimction with heavy exercise in 23 patients. Small change
seen in dose response study

100 {4 ¢ -incinsRaw in 2 most sensitive subjects

1ppb=pgin’

Figure 10. Concentration of sulfur dioxide at which changes in the specific airway resistance of the forced expiratory volume in 1 second or
symptoms were seen in patients with asthma. [Adapted from Sulfur Dioxide, Acid Aerosols and Particulates, Department of Heaith, London,

Stationary Office, 1992]

prick tests, and serial peak flow measurements were used
in a study involving about 2600 10-to-12-year-old chil-
dren from Sweden, Poland, and Estonia. The risk of a
positive skin prick test was lower in the industrial center
of Poland (Konin) and Estonia than in the urban area of
Sweden (Sundsvall).

Recently, an interesting study has been published by
Nowak et al (24) on the prevalence of respiratory symp-
toms, bronchial hyperresponsiveness, and atopy in a ran-
dom sample of adults (20—44 years of age) from West
and East Germany (Hamburg versus Erfurt). Within the
time period from 1985 to 1989, the annual mean con-
centrations of sulfur dioxide and suspended particulate
matter were 31 and 53 ug/md, respectively, in Hamburg

12 Scand J Work Environ Health 1999, vol 25, supp! 3

as compared with 264 and 137 pg/m?, respectively, in
Erfurt. A short respiratory questionnaire study was car-
ried out with 3156 subjects (80% response rate) in Ham-
burg and 3274 (74% response rate) in Erfurt. In addition,
a subset of respondents completed a long questionnaire,
spirometry, a methacholine or bronchodilator test, a skin
test, and total and specific immunoglobulin E (IgE) anal-
yses, with a total number of 1159 participants in Ham-
burg and 731 in Erfurt (figure 11). There were more res-
piratory symptoms (wheezing, breathlessness, attacks of
shortness of breath, attacks of asthma, nasal allergies) in
Hamburg than in Erfurt, and in Hamburg the mean FEV, ,
(% of predicted) was lower (105%) than in Erfurt (107%).
Bronchial hyperresponsiveness was observed significant-
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ly more often in Hamburg (25%) than in Erfart (19%).
Atopic sensitization was more prevalent in Hamburg than
in Erfurt (against grass pollen 24% versus 19%, birch
pollen 19% versus 8%, cat 10% versus 2%, and Dermat-
ophagoides pteronyssinus 14% versus 10%). This find-
ing was reflected by the prevalence of positive specific
IgE values, which were higher in Hamburg than in Er-
furt. In Hamburg, as compared with Erfurt, there was a
lower mean number of siblings, higher current exposure
to environmental tobacco smoke, and a higher frequen-
cy of wall-to-wall carpeting and a higher number of re-
ports of mold inside the house. These data support the
hypothesis that childhood factors and exposure to indoor
allergens and irritants are more relevant for the develop-
ment of asthma and atopy than potential long-term ex-
posure to high concentrations of classic urban pollutants.

In another recent study in Krakow respiratory reac-
tions to outdoor air quality among allergic and nonaller-
gic children were evaluated (25). The purpose of the
study was to assess whether the domestic air quality, to-
gether with the level of residential air pollution, increas-
es the risk of allergy and whether allergy determines the
occurrence of respiratory symptoms. An additional pur-
pose of the study was to assess the extent to which aller-
gy is related to outdoor air pollutants after adjustment
for indoor air quality (environmental tobacco smoke or
house mold). The survey targeted 1129 schoolchildren 9
years of age who attended schools located in areas of

Cladosporium  Alternaria
herbarum
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Figure 11. Prevalence of posi-
tive skin test reactions (wheal
diameter =3 mm) (a) and of pos-
itive specific immunoglobulin E
(IgE) values [>0.35 kU-I'; radio-
allergosorbent test (RAST)] in
study participants from Ham-
burg and Erfurt (b). (open col-
umns = Hamburg, closed col-
umns = Erfurt) [Source: Nowak
etal. EurRespirJ 1996;9:2541—
52]
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Krakow that differed in their outdoor air pollution
levels. According to measurements obtained from the air
pollution monitoring stations and data from parents on
sources of local emissions of air pollutants, 4 categories
of air pollution were defined in the city.

The results showed that the prevalence of allergy
among the children depended on parental allergy (OR
2.02, 95%CI 1.52—2.69) and house mold (OR 1.71,
95%CI 1.08—2.70). In addition, there was a statistically
significant trend between the prevalence of allergy and
the outdoor air pollution score (table 4). The prevalence
odds ratio for allergy was 1.39 (95% CI 0.99—1.94) for
the area with an air pollution score of 2 and 1.94 (95%
CI1.29—2.93) in the area with a score of 3. In terms of
attributable fraction (AF), the effect of outdoor air pol-
lution on the occurrence of allergy in children was
significant {AF,,=21.8%].

Table 4. Effect of outdoor air pollution on the occurrence of al-
lergy in children from Krakow as measured by the attributable
fraction (AF) (population), adjusted for the confounding effect of
molds in the house. (SE = standard error)

Outdoor air pollution AF (%) SE (%) P-value
Score 1 2.11 3.55 0.277
Score 2 9.05 3.33 0.003
Score 3 10.70 2.39 0.000
Score 1—3 21.86 6.70 0.000
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Lung cancer

In the highly industrialized Silesian region of Poland,
severe environmental pollution is encountered that has
been associated with increased risks of cancer. Polycy-
clic aromatic hydrocarbons (PAH) produced by the in-
dustrial and domestic combustion of coal are among the
most prevalent carcinogenic and mutagenic air pollutants
in Silesia. Yearly average concentrations of
benzo[a]pyrene (BaP) at many measuring points in Si-
lesia exceed, by a factor of 3—35, the concentrations of
BaP found in a room of 36 m? with a single air change
per hour after the smoking of 40 cigarettes during an 8-
hour day (26). Atmospheric concentrations of BaP in the
town of Gliwice, for example, were 57 ng/m?® in winter
and 15 ng/m? in summer, the difference resulting from
the considerable use of coal for heating. Accordingly,
Perera et al, conducting a study in Silesia (Gliwice) and
in the reference area (Biala Podlaska) found that BaP-
DNA adducts in both the exposed and reference groups
were higher in winter than in summer. They were also
significantly higher in exposed winter samples than in
reference winter samples, as were some markers of ge-
netic damage.

In a case-referent study (27) of lung cancer deaths
occurring over a 6-year period (1980—1985) in Kracow,
Poland, it was indicated that urban air pollution may in-
crease lung cancer risk and act multiplicatively with other
factors such as smoking and industrial exposure. Infor-
mation on occupation, smoking habits, and residence was
collected from next-of-kin. The classification of expo-
sure into community air-pollution categories was based
on measured levels of total suspended particulate matter
and sulfur dioxide (more than 120 pg/m? for both areas
with the highest levels). Lung cancer depended strongly
on total cigarette consumption, on age at starting to
smoke, and on time since stopping smoking. Relative risk

Refative Risk

estimates for occupational exposure in iron and steel
foundries and in other industries were clearly increased
for men. The relative risk for men exposed to the high-
est air pollution level was 1.48 (95% CI 1.08—2.01),
while for women the increase was lower (figure 12).
The results of this study received support in observa-
tions made later by Whyatt et al (28) in a molecular epi-
demiologic study in Kracow among infants. The study
showed a dose-response association between urban air
pollution level in Krakow and PAH-DNA adduct levels
in white blood cells of cord blood. There was no clear
dose-response for these levels when the total Krakow
cohort of infants was grouped into low, medium, and high
categories based on PM,, levels at their place of resi-
dence. However, among infants of Krakow women not
employed away from the home during pregnancy, adduct
levels in the white blood cells of cord blood were clear-
ly increased among infants residing in the medium [9.59
(SD 3.50)/108 nucleotides] and high [6.53 (SD 1.98)/108
nucleotides] pollution groups in comparison with the low
pollution group [1.72 (SD 0.49)/108 nucleotides]. Mater-
nal adduct levels showed the same patterns. After con-
trol for smoking status, coal use, diet, and home or oc-
cupational exposure, the PAH-DNA adduct levels in
white blood cells remained significantly higher in infants
residing in the high than in the low pollution areas (fig-
ure 13). Similarly, a dose-related increase in placental
CYP1A1 mRNA with ambient exposure was suggested.
A recent study by Zemlianaya et al (29) focused on
lung cancer in relation to air pollution in Moscow. The
risk factors for lung cancer were studied by the case-ref-
erent approach among women, and exposure to air pol-
lution was based on measurements of sulfur dioxide,
nitrogen dioxide, and carbon monoxide levels and total
suspended particulate matter in the area of residence dur-
ing the period 1971~1975. The risk of lung cancer was
elevated for persons living in areas with heavy air
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Figure 13. Placental CYP1A1 mRNA by
level fo PMy, pollution the month prior
to delivery for 66 mother-newborn pairs
from Krakow, Poland. (PM = particulate
matter) [Source: Whyatt et al. Cancer

Low (23.4-64.8) Medium (66.4-90.7)
pollution (OR 2.42, 95% CI 1.2—4.8). Furthermore, a
higher risk of lung cancer was observed for the women
whose husbands smoked cigarettes (OR 1.66), but there
was no effect of occupation.

Concluding remarks

This review has considered published papers or manu-
scripts prepared for publication dealing with air pollu-
tion and short- and long-term health effects on several
health outcomes in the Baltic Sea region and elsewhere.
There was evidence of an association between health ef-
fects and air pollutants; however, it is still unclear what
the main causes are: sulfur dioxide, particulate matter,
strong acidity aerosols, or sulfates.

An important limitation of the data is the great di-
versity in methods of air pollution exposure assessment
used in the studies. Exposure is a function of ambient
pollution, of indoor sources, and of the mobility of peo-
ple from one microenvironment to another. Often only a
limited number of outdoor monitoring sites provided es-
timates of exposure. Representativity of the stations for
the exposure of the population was often poorly de-
scribed.

Furthermore, the methods used for air pollution mon-
itoring restricted possibilities for the comparison of stud-
ies using routine monitoring data. Particulate matter was
measured and monitored rather as black smoke or total
suspended particulate matter rather than as PM,, or PM, s.
Outdoor air pollution concentrations correspond to per-
sonal exposure to a limited extent, and indoor air quality
and differences in smoking habits also contribute to re-
gional differences in pollution exposure.

For several reasons, specific questions related to dose-
response relationships were not addressed. Difficulties
resulted from limitations in combining the results derived
in regionally and otherwise different populations, the ef-
fect of pollutant mixtures, and the diversity of definitions
of particular health points. Even though there is evidence

High (91.3-154.2)

Epidemiol Biomarkers Prev
1995;4:147—53]

that the compounds can interact in a synergistic fashion
to produce health effects, it was not easy to document
this synergy from the studies under review.

Because air pollution in the Baltic Sea region affects
several countries, we recommend regional studies be car-
ried out rather than small within-country studies. Such
studies should aim at (i) identifying the principal sourc-
es of health-threatening air pollutants in the region and
then identifying a range of specific actions to reduce risks
to the population from the pollutants, (ii) demonstrating
how health risk considerations can be used to guide de-
cisions about environmental priorities, policies, and in-
vestments, (iii) helping to build technical capabilities for
conducting air quality management programs [it should
be clear that risk assessment (hazard identification, dose-
response assessment, exposure assessment, and risk char-
acterization) will play a critical role], (iv) introducing
standardized methodologies for environmental monitor-
ing and for epidemiologic studies, including population
exposure and risk assessment management.
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