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SUMMARY

Objective: The main effort of this work was to evaluate the situation of the atmosphere in selected regions of Brno during the years 2009-2013
and to estimate health risks which might come up due to the increased concentrations of airborne particulate matter.

Methods: PM,  samples were collected in four areas varying in degree of automobile traffic using automatic and gravimetric sampling methods.
PM,, concentrations were assessed using Spearman’s rank correlation coefficient. Health risks were estimated based on calculation of relative
risks and population for four health endpoints. The selected health outcomes were premature mortality, cardiovascular disease, respiratory disease,
and chronic bronchitis.

Results: The highest PM,  concentrations were measured in two regions with high traffic loads T1, T2 and background region B2. The values
were 34.33+11.52 ug'm=in 2010, 34.87 £12.03 pug'm=in 2013 and 34.52+8.81 pug:m=in 2009, respectively. The highest correlation was be-
tween T1 and T2 having Spearman’s correlation coefficient 0.888 followed by T1-B1 pair with coefficient 0.886. For all health outcomes, the highest
health effect of PM (E) was determined for T2 site in 2010 which was 48 £ 14, 49+21, 44+ 19 and 24 +10 for premature mortality, cardiovascular

disease, respiratory disease, and chronic bronchitis, respectively.

Conclusion: The concentrations are highly correlated, especially in traffic regions. The annual concentrations did not exceed the legislation limit
but 24-hours limit was exceeded more than two times in several cases. The highest number of cases with a given health outcome was estimated
in traffic regions especially for cardiovascular disease and premature mortality.
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INTRODUCTION

An increasing amount of particulate matter (PM) in large
cities has been a problem for many years. It has been found that
there is a direct relationship between increased concentrations of
PM and human health disorders. Respiratory, cardiovascular and
cerebrovascular diseases, allergies, asthma, and cancer are the
most frequent consequences (1-4). Generally, it is distinguished
between PM, and PM, .. PM_ are particles with diameter less
than 10 um while PM, , are those with diameter less than 2.5 um
(5). More recently, ultra-fine particles PM, (particles smaller than
1 um) and nanoparticles derived from traffic exhaust (6) begin to
be measured in urban environment.

Air pollution has been a long-term problem in the Czech
Republic (CR). The largest sources of air contamination include
thermal power plants and industry, automobile traffic, local
heating and waste combustion. In the 1970s and 1980s, the air
pollution levels in some industrial areas were among the highest
in Europe (7). After 1989, a number of steps were introduced
to reduce the air pollution, especially in the energy sector and
other heavy industries. For example, in the 1990s, there was the

Teplice project which was aimed to solve air pollution problems
in northern part of the Czech Republic (8). After 2000, there was
a reversal of the trend and the concentrations of many pollutants
rose again (9). According to model calculations performed by
the National Institute of Public Health, overall mortality caused
by exposure to PM,; throughout the Czech Republic increased
between 2006 and 2010 (10).

Today, pollution from suspended particles remains a problem
in the Czech Republic. In 2013, the 24-hour PM, limit of 50
pg-m— (11) was exceeded in 5.7% of CR and the average annual
PM,, limit of 40 pg-m™ was exceeded in 0.7% of CR. These
areas correspond to approximately 15.9% and 4.8% of residents,
respectively. With respect to human health effects, the main cause
of PM emissions is due to traffic, especially from fuel combustion
in diesel engines. These engines produce particles with sizes of
up to hundreds of nanometers (6).

Several studies have been carried out concerning PM air pol-
lution in Brno (12-20). However, most of them are focused on
PM-bound substances such as heavy metals or polycyclic aromatic
hydrocarbons. To consider the health effect of PM itself, it is nec-
essary to assume that the particles are inert (without any effect of
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bound substances). So the whole health risk assessment procedure
will substantially differ from those carried out for the PM-bound
substances. The main effort of this study was to evaluate the PM |
pollution in Brno city over five-year period (2009-2013) and to
estimate associated health risks expressed by the number of people
with given health outcome and increased mortality.

MATERIALS AND METHODS

Sampling Sites

Sampling was performed in four regions with varying degrees
of automobile traffic (Fig. 1). Two background regions (residential
areas referred to as B1 and B2 in this text) and two regions with
high traffic loads (referred to as T1 and T2) were studied. Table
1 shows basic features of sampling sites. Generally, T1 and T2
are traffic sites with high automobile traffic load with measuring
stations placed right next to the main road. Conversely, B1 is a
residential site at a periphery of Brno city not influenced by traf-
fic load. B2 is also background site, however, it is situated in the
vicinity of main road to the city centre in a distance of 1 km from
T2 site. So, even though the B2 site is considered background
(as defined by the Czech Hydrometeorological Institute), there
is direct influence from traffic load. The PM,; sampling was
performed at different intervals (Table 1).

Automatic and Gravimetric Sampling
In automatic sampling, aerosol particles are caught on a filtra-
tion belt made of glass fibers using a vacuum. The filtration belt

Fig. 1. Position of sapllng sites.

Table 1. Basic features of sampling sites

automatically unreels between a beta-emitter and a Geiger-Miiller
counter. The difference between radiations before and after the
aerosol particles are captured represents the amount of dust
aerosol particles on the filter. The aerosol particles are drawn
in using a vacuum pump with a sampling head connected to
the top section of the analyzer with a flow rate of 1 m®-h™'. For
the gravimetric method, an FH 95 SEQ sequential particulate
sampler was used to determine manual mass concentration of
suspended particulates in the ambient air. The sampled particulate
is determined by balancing the filter before and after sampling.
The atmospheric concentration of particulates (ug-m) is the
ratio of the weight of particulates and the volume of air which
passed through the filter.

Health Risk Assessment

Long-term elevated concentrations of suspended particles
contribute to the occurrence of various symptoms of respiratory
deterioration, increased morbidity and mortality (21, 22). Mortal-
ity is often used to illustrate the negative impacts of suspended
particles (13, 20). The basic assumption for estimating the health
risk of PM is calculation of the risk by 1 pg-m= increment if the
PM concentration exceeds the safe limit. Based on the population
of one city the health impact can be estimated. Four health end-
points were selected to assess the health risk by PM,  pollution,
i.e. premature mortality, respiratory and cardiovascular disease
and chronic bronchitis.

The relative risk (RR) for the given health outcome can be
calculated using the following equation (23, 24):

RR = e#(C-C)

For premature mortality, the formula is as follows (23):

c+1Y
RR: .+
Cy +1

where B is an empirical coefficient (a percentage increase
in health effect per 1 pg-m=3 PM increment) for given health
outcome, C and C, are the real PM concentration and the PM
reference concentration, respectively. The B coefficient (with
95% confidence interval) is 0.073 (0.045, 0.101), 0.0007 (0.0005,
0.0009),0.0012 (0.0010, 0.0014), and 0.0048 (0.0044, 0.0052) for
premature mortality, cardiovascular disease, respiratory disease
and chronic bronchitis, respectively. The reference concentra-
tion C, of 20 pug-m~ was applied according to WHO air quality
guideline (25).

Location B1 B2 T1 T2

Station type Background Background Traffic Traffic

Zone type Urban Urban Urban Urban

Zone feature Residential Residential, trade Residential Trade
Latitude 49° 12" 47.57" (N) 49° 11" 20.00" (N) 49° 11" 53.12" (N) 49° 11" 9.18"(N)
Longitude 16° 40" 40.65" (E) 16° 37" 37.00" (E) 16° 35" 37.12" (E) 16° 36" 49.18" (E)
Altitude 340m 214m 235m 200 m
Measuring frequency 1 per 2 days 1 per day 1 per day 1 per hour
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The number of cases for given health effect of PM (E) is cal-
culated based on the difference in the current incidence rate (fp)
and the incidence rate in a clean environment (fc) as follows (24):

E=P({ 1)

where P is number of people in the population of interest. The
current incidence rate fp can be calculated using the relative risk
as follows:

f =fRR
p c

Substituting the 4th equation into 3rd equation, the number of
cases for given health outcome is obtained:

R-1
RR

The values of fp were obtained from Health statistics yearbook
of the South Moravia Region (26) and are 0.0088, 0.0269, 0.0124
and 0.0020 for premature mortality, cardiovascular disease, respi-
ratory disease and chronic bronchitis, respectively. Cardiovascular
diseases included such diagnoses as acute rheumatic fever, acute
and subsequent myocardial infarction, cerebrovascular diseases,
atherosclerosis, angina pectoris etc. Respiratory disease is a gen-
eral term for such illnesses as pneumonia, asthma, acute tonsillitis,
influenza, and chronic obstructive pulmonary diseases (COPD)
including emphysema and chronic bronchitis. However, chronic
bronchitis was calculated separately as individual health outcome
similarly to many other studies (23, 24).

Bt 1P

Statistical Analysis

The data was firstly tested for normality using the Shapiro-Wilk
test. Then the correlation analysis was carried out to assess the
depedence of PM_ concentrations between individual sites. For
an overview of the single dependences, a matrix of scatterplots
was created and provided with prediction bands of coverage
probability of 0.95 and Spearman’s rank correlation coefficients
using StatSoft Statistica 12 software.

RESULTS AND DISCUSSION

PM.,, Concentration
Fig. 2 shows the PM, , concentrations (monthly variations) in
the investigated areas during 2009—-2013. The highest concentra-

tion of PM, is observable in the T1, T2 and B2 regions, which
is reasonable due to the high traffic load. Even though the B2
site is considered, it is situated in the vicinity of main road (in a
distance of about 50 m) to the city centre so the concentration are
sometimes even higher than in the traffic areas. This can be also
due to local heating as B2 is residential area, so this contribution
together with traffic load could cause even higher concentrations
than in T1 and T2. All curves have a similar shape and from 2009
to 2013 are characterized by a downward trend. The highest
values are observable at the beginning (2009) and over time the
concentration of PM,  decreases (e.g. in T2 from about 70 ug-m
in 2009 to about 40 pg-m™ in 2013). For all localities the PM, |
concentration in winter increases compared to the summer. The
main cause is a higher amount of combustion wastes which are
released due to increased local heating. Winter is the most polluted
season also because of very low precipitation and frequent thermal
inversions causing deterioration of vertical diffusion conditions.

Table 2 shows annual averages of PM_; concentrations (with
standard deviation), with the number of PM, concentration ex-
ceedances. The annual averages are not exceeded, however, the
number of days of exceeded daily concentration is very high, in
some cases even more than two times of the legislation limit.
The highest daily values reach figures three times higher than the
limit. For background regions, the limits were exceeded only in
two cases. Table 3 shows the results of PM measurements from
different studies throughout Europe compared with this study.
Region T2 (annual average of 2010) was chosen for comparison
due to the highest level of PM_ pollution. PM, concentration
was higher in several cases. It is clear from this comparison that
the atmosphere in CR is one of the worst in Europe even though
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Fig. 2. Concentration of PM, during 2009-2013 (monthly
average values).

Table 2. Concentration of PM,, — annual average + standard deviation (ug-m=) /| number of exceeded daily concentrations

during the years

Tl B1* B2*
2009 30.16 + 8.66/35 33.19 + 15.35/68 2443 +571/7 3452 +8.81/45
2010 34.33 £11.52/59 33.84 +17.26/75 27.00 +7.57/13 31.43£9.21/26
2011 30.90 + 12.28/45 30.33 £ 15.92/59 26.97 £9.70/23 29.58 £ 12.74/24
2012 30.32 £8.83/33 27.98 +13.03/44 2415+ 4.27/15 33.30+£9.04/30
2013 27.29 +8.26/19 34.87 £12.03/69 22.48 £ 6.76/10 27.13 +£7.20/5

*Number of days exceeding is tentative — PM,  is measured 2 days out of 3 in B1 and B2 is on a 14d period — daily measurements.
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Table 3. Comparison of PM levels with different studies throughout Europe

Country Site PM,; (ug'm=) Reference
Czech Republic Brno T2 (in 2010) 35.7 This study
Sweden Stockholm 55 (27)
France Marseille 23 (28)
Switzerland Bern 325 (29)
UK Birmingham 23.9 (30)
Italy Milan 37 (31)
Spain Madrid 344 (32)
Turkey Istanbul 70 (33)

the Czech Republic is one of Europe’s smaller countries by area
and also by number of inhabitants.

Concentrations of PM,  at individual sites are in positive correla-
tion as assessed by Spearman’s rank correlation coefficients. These
correlations are statistically significant at a level of significance of
0.01 as confirmed by Student’s t test. The Spearman’s rank cor-
relation coefficient was selected since the data have non-normal
distribution as confirmed by Shapiro-Wilk test. The positive cor-
relation in PM, , concentrations between individual sampling sites
implies that the pollution may be caused by the same sources. The
strongest correlation for PM, concentrations is between T1 and
T2 (traffic sites) which proves the main source of pollution in these
areas, i.e. automobile traffic. However, all correlation coefficients
exceeded 0.7, which confirms a high level of correlation for all pairs
of regions (Fig. 3). High level of correlation between background
and traffic sites also indicate common sources influenced by local
heating, dust resuspension and also influence of construction sites
in the vicinity of measuring stations.

Health Impact of PM,, Pollution

The number of people affected by a given health outcome (E)
in given locality and year are shown in Table 4. For simplicity, the
number of cases was calculated per 100,000 inhabitants. Gener-
ally, several trends can be observed. Firstly, concerning individual
localities, E decreased in order T2>T1>B2>B1 for all health
outcomes. Secondly, the highest E was for cardiovascular disease
followed by premature mortality. The lowest E was predicted
for chronic bronchitis. This could seem a contradiction because
chronic bronchitis is a health outcome often caused by air pollution.
However, this is especially in heavy polluted industrial sites such
as those in developing countries, e.g. in China (23, 24). Moreover,
the current incidence rate for chronic bronchitis is based on the
number of hospital admissions of South Moravia region which does
not distinguish various causes of this health outcome. Generally,
the major cause of chronic bronchitis is tobacco smoking followed
by air pollution and genetic factors. For all health outcomes, the
highest E was determined for T2 site in 2010 which was 48+ 14,
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Fig. 3. Scatterplot matrix of PM, , concentration between individual sites with prediction bands of 95% coverage probability and
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Table 4. Number of cases * standard deviation per 100,000 inhabitants for selected health outcomes in all localities during

2009-2013

Premature mortality Cardiovascular diseases

T1 T2 Bl B2 T1 T2 B1 B2

2009 22+16 P2+21 15+12 31+14 19+16 31+26 12+10 27+16
2010 29+19 48114 22+14 2417 27121 49+21 18+13 2117
2011 28+19 35+22 21+17 26+20 26+21 34+25 18+18 25+24
2012 27+14 31+17 1349 28+16 23+15 28+19 10+7 25+17
2013 27111 35+18 19+7 22+12 2211 34+20 14+6 18+10

Respiratory diseases Chronic bronchitis
2009 17+15 28+24 11+9 2515 9+8 15+12 6£5 138
2010 24+19 44+19 17+11 19+16 13+10 24+10 9+6 10+8
2011 23+19 31+23 17+16 22+22 13+10 17+12 9+9 12+11
2012 21+14 2617 9+7 23x15 11+7 14+9 5%4 12+8
2013 20+10 30+18 1345 16+9 1145 16+9 7+3 9+5

49+21,44+19 and 24+ 10 for premature mortality, cardiovascular
disease, respiratory disease and chronic bronchitis, respectively.
This is reasonable as T2 is traffic site where the highest concen-
trations of PM,, were measured. Similarly, in relation to type of
region, B1 site (background, residential) was the one with lowest
E for all diagnoses due to lower PM, concentrations compared to
the other sites. The highest E at this site was for premature mortal-
ity in 2010 and 2011 i.e. 22414 and 21+ 17 cases, respectively.

CONCLUSION

Based on the results presented above, the following conclu-
sions were made. PM, concentrations did not exceed permitted
annual limit of 40 pg-m™. However, the number of days with
higher concentration than the 24-hours limit (the 24-hours limit
is 50 ug-m3, max 35 days per year) was exceeded every year in
T2, in 2010 and 2011 in T1, and in 2009 in B2. In B1 the limit
was not exceeded. The concentrations between individual sites are
in a strong positive correlation. The traffic sites are correlated at
the most indicating the main source high traffic load. High level
of correlation between background and traffic sites also indicate
common sources influenced by local heating, dust resuspension
and also by construction sites in the vicinity of measuring sta-
tions. The health risk assessment showed increased risk for people
exposed to PM pollution. There is a high risk of increased number
of cases with cardiovascular diseases, premature mortality and
respiratory outcomes especially in T2 site. Conversely, B1 site
with low level of traffic load poses lower health risk.

These results show how transportation is important for air qual-
ity in the city centre. While the concentrations in the background
stations in housing estates do not exceed the limits, traffic stations
in the city centre exceed air quality limits every year.
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