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Artur J. Badyda, Piotr Dąbrowiecki, and Piotr Grabski

Abstract

Epidemiological studies show that long-term exposure to air pollution

may increase the relative risk of obstructive lung diseases such as COPD

or asthma. The risk of increased obstruction is higher among residents

living in close proximity to high traffic routes where there are high

concentrations of PM10. The present study consists of two parts: the

measurement of the concentration of air pollutants and of pulmonary

function in selected groups of people. The study was conducted in

Warsaw, Poland, in seven localizations with typical urban canyon

characteristics and roads with high traffic. The control group consisted

of people living in other regions of Poland with a significantly lower

(p < 0.05) concentration of air pollutants. The study was performed in

the years 2008–2012. The incidence of obstructive lung disease was

determined according to the GOLD guidelines. The study subjects were

all non-smokers. The relative risk of disease took into account different

exposure times to air pollutants. The findings indicate that an increase in

PM10 concentration by each 10 μg/m3 caused an increase in the relative

risk of lung obstruction by a factor of 1.27, 1.24, and 1.19 for the residence

period in the vicinity to heavy traffic city roads for 20, 30, and 40 years,

respectively as compared with the residence of rural unpolluted areas.

A decrease in the number of people with lung obstruction with the length

of residence actually indicates that people exposed to high concentrations

of PM10 become affected by lung obstruction at a lower age. The study

shows a positive relative risk of lung obstruction due to an exposure to

high PM10 emission.
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1 Introduction

The air pollution contributes to 8 million deaths

annually, which constitutes 15 % of deaths of

all causes over the world. Exposure to ambient

air pollution causes an increase in morbidity

and mortality of a variety of diseases, including

respiratory diseases such as asthma or COPD,

cardiovascular diseases (Arena et al. 2006;

Wong et al. 2002; Pope et al. 2004). According

to Global Burden of Disease Study (Murray

et al. 2012), chronic obstructive pulmonary dis-

ease (COPD), is the third most common cause of

death worldwide, and comes in nine place in a

rating based on the disability life adjusted years

(DALY) indicator. Asthma is not as serious as

COPD, taking into account the number of deaths

and lost DALY years, and is not listed in the first

30 disorders in the GBDS ranking (Lozano

et al. 2012; Murray et al. 2012). COPD and

asthma are characterized by a decrease in airway

flow, which is usually assessed by respiratory

function tests. The severity and progression of

COPD is determined by forced expiratory flow

in 1 s (FEV1), expressed as a percentage of

predicted value (Vestbo et al. 2013).

COPD reduces a person’s quality of life and

imposes a substantial economic burden on soci-

ety due to decreased productivity, absenteeism,

and health care costs. It is estimated that the 2008

indirect costs of COPD and asthma-related pre-

mature mortality were as high as 18 billion USD

in the US (National Heart, Lung, and Blood

Institute 2012). In the EU, as much as 6 % of

the healthcare budget is dedicated to treatment

of respiratory disorders, out of which 56 %,

i.e., 36.8 billion EUR are COPD-related costs

(Rabe et al. 2007).

Although the most significant risk factor of

COPD and asthma is tobacco smoking, the dis-

ease affects non-smokers as well (Kohansal

et al. 2009). It is estimated that non-smokers

constitute 25–45 % of all COPD cases (Salvi

and Barnes 2009). Therefore, it is important

that the epidemiological studies on the influence

on human health of air suspended particles took

into account a non-smoking population as well.

The short-term studies on the influence on

the human health of the air PM10 concentration

have clearly shown an increase in hospital

admissions related to asthma or COPD, including

increased mortality caused by these diseases

(Peacock et al. 2011; Schwartz 1996). The

long-term studies, albeit less often conducted,

also show an increased incidence and intensifica-

tion of COPD symptoms in persons exposed to

increased PM10 concentration (Gan et al. 2013;

Andersen et al. 2011). One of the methods for

the relative risk assessment of the incidence of

lung obstruction in a population is to study a

correlation between increased concentration of

pollutants and decreased respiratory indices. For

instance, a study on air pollution and lung

diseases in adults (SAPALDIA) showed a fall

in FEV1 of 1.6 %, and FVC of 3.4 % when

PM10 increased by 10 μg/m3 in relation to the

concentration of this particular pollutant in the

area inhabited by a control group (Ackermann-

Liebrich et al. 1997). Likewise, a study on air

pollution on lung function, inflammation and

aging (SALIA) showed a fall in FEV1 of 4.7 %,

in FVC of 3.4 %, and in FEV1/FVC of 1.1 %

during the same increase in air pollutants

(Schikowski et al. 2005). Prospective cohort stud-

ies show that a decrease, on average, in spiromet-

ric indices is less significant in persons living in

less polluted areas compared with those exposed

to high concentrations of sulfates, nitrogen oxides,

and hydrocarbons (Tashkin et al. 1994).

The objective of the present study was to

examine the relative risk of lung obstruction

in people older than 40 years living close to

urban roads with intense traffic. To this end,

we compared pulmonary function in a group of

persons exposed long-term to statistically greater

concentrations of air pollutants, such as CO,

NO2, or PM10 (p < 0.05), with that in a control

group consisting of persons living in rural areas.

2 Methods

The study was approved by an institutional

Research Review Board. It consists of two

parts: the measurements of air traffic-related
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pollutant concentration and of pulmonary

function. The measurements were done in the

city of Warsaw, Poland, in seven predefined

locations in 2008–2012. The road sections,

selected for the study were typical urban canyons

characterized by severe traffic intensity and

congestion. A limited dispersion of air pollution,

compared with other road fragments, resulted in

a similar level of air pollution in the total section

investigated. Nevertheless, there is a building

storey-dependent difference in the concentration

of air pollutants due to a vertical gas and particu-

late dispersion in urban canyons.

The air pollution measurements were taken in

series, choosing months in which the dominant

contributing factor was heavy road traffic (June

and October) and which are not considered as a

holiday or heating season. An AirpointerTM

mobile monitoring station for the measurement

of air pollution concentration was used (MLU,

Wiener Neudorf, Austria). The measurements

were conducted for 24 h, 7 days a week. The

measuring equipment was localized about 1 m

from the edge of the street. The device registered

the following concentrations: carbon monoxide,

nitrous oxides, volatile organic compounds, and

the PM10 suspended particle. The concentration

of PM10 was measured using a nephelometric

method, which is based on the measurement of

light dispersion in relation to the concentration of

solid particles with a diameter of >10 μm. The

urban sections selected were characterized by

high traffic congestion; from 30,000 to 70,000

vehicles per day. In addition to seven sections

in Warsaw, measurements also were done in

two control points localized in the cleanest,

from the standpoint of air pollution, areas of

Eastern Poland. The control points were at least

250 m away from roads, and the traffic

congestion was of one order of magnitude

lower than that in Warsaw.

Respiratory function was studied from April

to June and from September to October. The

choice of the study period excluded the winter

heating periods that cause a passing increase

in air pollution, which could affect the func-

tional results. The other reason was to avoid a

holiday season, during which the sample would

not be representative. Pulmonary function

was assessed with an EasyOne spirometer (ndd

Medizintechnik AG, Zürich, Switzerland). This

device is compatible with the international

standards of the European Respiratory Society

(ERS). The following parameters were

measured: functional vital capacity (FVC),

forced expired volume in 1 s (FEV1), FEV1/

FVC, peak expired flow (PEF), and forced expi-

ratory flow at 50 % (FEF50). The measurement

was followed by a questionnaire that provided

information on age, place, and duration of resi-

dence, tobacco smoking habits, and respiratory

symptoms. The period of residence at a location

was stratified into 20, 30, and 40 years to assess

the variability in the occurrence of lung obstruc-

tion caused by prolonged environmental expo-

sure to pollutants.

Smoking persons and those aged below

40 were excluded from further study procedures.

The effect on the incidence of lung obstruction of

increased PM10 alone could be estimated. The

exclusion of younger than 40 years persons was

due to the above mentioned prolonged exposure

paradigm used. The GOLD guidelines (2011)

for the interpretation of pulmonary function

were used to determine the incidence of obstruc-

tive disease. Lung obstruction was diagnosed

when the FEV1/FVC ratio was less than 0.7.

Post-bronchodilator tests or reversibility of

bronchoconstriction were not assessed. There-

fore, no distinction between asthma and COPD

could be done and the results pertain to general

lung obstruction.

The results of measurements of PM10 concen-

trations were used to determine average exposure

of people to particulate matter, both in urban

conditions and the control area. The study

was not conducted throughout the entire year;

thus, the average annual PM10 concentration

could not be calculated. Nevertheless, substantial

differences in the concentration of pollutants

between testing sites was observed. Taking that

into account, a general exposure level of PM10

for certain groups of habitants could be deter-

mined, although an accurate estimation of a dif-

ference between the study results and the actual

mean annual concentration was not possible.
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Despite this limitation, it is important to under-

score that the measurement of air pollution in

close proximity to roads seems more accurate

than the actual data provided by the National

Environmental Monitoring, which has monitor-

ing stations in distant locations from the sites

chosen for this study. Furthermore, the accuracy

of the present data was verified by the determi-

nation of confidence intervals for exposure-

response functions.

Taking into account the GOLD guidelines

(2011) and the three defined periods of residence,

it was possible to determine the relative risk

(RR) of the incidence of lung obstruction in the

groups studied. As a result, three patterns of

exposure-response functions were obtained. The

first step in RR calculation was to determine

the incidence number within each group, and to

estimate the probability of the occurrence of lung

obstruction. By relating these results to the con-

trol group, it was possible to define particular RR

for each of the seven measurement sites. Because

different groups were exposed to different PM10

concentrations, the results were normalized for

inter-group comparisons by matching the RR of

lung obstruction with the concentration increase

of PM10 by 10 μg/m3. The final step was to

determine the confidence intervals and mean

concentration results.

3 Results

Daily fluctuations in PM10 concentration were

observed in the city road traffic sections studied,

particularly present when PM10 increased during

rush hours. Nevertheless, the mean concentra-

tions of PM10 in all seven stations was an order

of magnitude greater than its level at the two

control points; highly distinct differences

(p < 0.05) (Table 1). Pearson’s linear correlation

between PM10 concentration and traffic conges-

tion was calculated. The correlation coefficients

were significant (p < 0.05), varying from 0.53 to

0.72, showing that traffic congestion had a strong

impact on the increase in PM10.

A total of 4,985 persons (3,997 living in urban

areas and 988 control subjects from non-urban

areas) were subjected to respiratory function

tests followed by questionnaires. A number of

persons had to be discarded from final analysis

due to insufficient technical quality of test results

(short forced expiration, improper placement of

the mouthpiece, and improper position of the

tongue during the test), unambiguous interpreta-

tion of results, or lack of proper cooperation

of the persons studied. Tobacco smokers were

excluded as well, to avoid a possible bias in

determining the influence of air pollution on

respiratory function. Additionally, persons aged

below 40 were also excluded from further analy-

sis, since the incidence of lung obstruction in

this age category is low. After the exclusions,

there remained 2,378 persons living in urban

areas in the vicinity to busy traffic roads and

762 control persons from outside such areas,

whose results qualified for further analysis.

These study persons were stratified into three

groups depending on the period of residence at

either location: 20, 30, and 40 years. The respec-

tive groups encompassed 1,031, 797, and

550 persons from polluted areas and 296, 249,

finally 208 persons from control areas. Detailed

results in regard to each of the seven city road

traffic sections and two control points (C) are

presented in Table 2.

A number of residents at a given location were

decreasing with the extension of the period of

living at a given location, which may have

affected the accuracy of the estimation of the

relative risk of lung obstruction. Also, the control

group was, on average, junior to persons living in

the areas of heavy exposure to pollution. In gen-

eral, the incidence of lung obstruction decreased

as the period of residence increased, with the

exception of the control group. However, as the

population number decreased with longer living

at a location as above mentioned, the probability

Table 1 Mean PM10 concentrations measured at seven city road traffic sections studied and at two control points (C)

Road traffic stations 1 2 3 4 5 6 7 C1 C2

PM10 concentration (μg/m3) 41.1 39.3 32.5 31.0 58.7 49.3 48.1 7.9 6.2
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of lung obstruction actually increased in both

studied and control groups. The study also

suggests that in the control groups, not exposed

to high concentrations of air pollution, the risk of

lung obstruction is less related to the residence

period, but the influence of person’s age assumes

a bearing. It means that the probability of lung

obstruction in these groups depends on the corre-

lation between the person’s increasing age and

the length of residence to a greater degree than in

the other groups studied.

Finally, we determined the relative risk

(RR) of lung obstruction in response to increased

PM10 concentration. The probability of the

occurrence of lung obstruction in each group

was determined and related to the control group

by the following formula:

RRi ¼ pi
p0

Where:

RRi is the relative risk of lung obstruction in i

group at i concentration of PM10;

pi is the probability of lung obstruction in i group
at i concentration of PM10;

p0 is the probability of lung obstruction in the

control group.
Since each group studied was exposed to a

different PM10 concentration, the results were

recalculated to normalize the relative risk of lung

obstruction to an increase in PM10 by 10 μg/m3.

The risk of lung obstruction for each residence

period is presented in Table 3 and the statistical

elaboration of these data is displayed in Fig. 1.

The results of the relative risk of lung obstruc-

tion in response to an increase in PM10 by each

10 μg/m3 demonstrate a wide spread of values

around the median, where the maximum risk is

1.45 and the minimum is 1.00, and rather an

opposite to the expected trend for reduced risk

as the residence period increases. There is a small

difference in the number of people with lung

obstruction in the control groups. However,

when the number of people decreases, the proba-

bility of lung obstruction increases. In case of the

urban groups, the number of people with lung

obstruction decreases, as the length of residence

increases. That means that people exposed to

high concentrations of PM10 become affected

by lung obstruction at a much lower age than

those living in the areas of low PM10 concentra-

tion. That spurious decrease in the incidence of

lung obstruction in urban citizens, along with

little changes in the control groups, caused an

overall decrease in the relative risk. Nonetheless,

the results demonstrate a positive relative risk of

lung obstruction due to an exposure to PM10. The

substantial spread of the relative risk underscores

that different diagnostic recommendations might

affect the final results.

4 Discussion

A long-term exposure to air pollution caused

by high concentrations of PM10 in close proxim-

ity to roads characterized by high traffic volume

and traffic congestion may increase the risk of

COPD. It also has a negative effect on lung

function (Schikowski et al. 2005). The present

study demonstrates that there is a relation-

ship between a long-term concentration of air

pollutants, with the PM10 level taken as a surro-

gate, and the incidence of lung obstruction,

which is demonstrated by the calculated values

of the relative risk factor.

In the presented study, as opposed to other

studies, the relative risk was related to lung

obstruction, instead of mortality. That seems of

importance in view of the ambiguity of results

from studies analyzing the interconnection

between risk and mortality from respiratory and

other diseases related to particles suspended

in the air (Pope et al. 2004). The problem may

lie in the complex and not fully understood

Table 3 Relative risk of lung obstruction after an

increase in PM10 by 10 mg/m3

Residence period in the

vicinity to road traffic

sections studied (year)

Relative risk of lung

obstruction normalized to an

increase in PM10 by 10 μg/m3

20 1.27

30 1.24

40 1.19

Lung obstruction was defined according to GOLD

guidelines (GOLD 2011)
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pathophysiological pathways connecting the

exposure to suspended particles to mortality

from cardiopulmonary disorders. The present

study also is based on actual data tallied in a

big bustling city with a high emission of PM10

and contrasting rural areas, rather than on purely

statistical data.

Generally, the relative risk varies depending

on the characteristics of groups studied, the type

of contamination, and the time of exposure.

There is, however, one common feature of dif-

ferent analyses of the matter. The results always

confirm, although to a different degree, that air

pollution, especially one caused by suspended

particles, have a significant impact on the

increase of lung obstruction and related mortal-

ity. A case in point is the Schikowski et al. (2005)

study, which is similar in assumptions to the

present article, but describes a specific type of

lung obstructive disease – COPD. That study

shows that a decrease in respiratory capacity

and an increase in COPD incidence are caused

by exposure to PM10 and other pollutants charac-

teristic of road traffic. A decrease in FEV1 by

5.1 % (95 % CI 2.5–7.7) has been related to an

increase in the mean PM10 (interquartile range)

by 7 μg/m3 within 5 years. A corresponding

decrease in FVC was 3.7 % (95 % CI 1.8–5.5)

and the odds ratio for COPD was 1.33 (95 % CI

1.03–1.72). In a different study, concerning the

short-term exposure to pollution stemming from

suspended particles, it has been demonstrated

that an increase in the 24-h concentration of

PM2.5 by 10 μg/m3 increases the relative risk of

daily mortality from heart disease by 0.4 to 1.0 %

(Brook et al. 2010). That study revealed that it is

worthwhile to look at the absolute risk, which

may be a more effective way of presenting the

information about health hazards, particularly

that statistically calculated relative risk is not

Fig. 1 Median and spread of the relative risk of lung obstruction in response to an increase in PM10 by 10 μg/m3
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evenly spread within the population. The relative

risk is, however, greater for persons who live in

areas of higher concentrations of PM2.5 for long

time than for those affected in the short-term;

1.76 and 1.06, respectively, for a change of

10 μg/m3 (Dockery 2006; Brook et al. 2010).

Short-term increases in PM2.5 should not be

neglected, because they might lead to tens of

thousands of deaths in the US alone. Nonethe-

less, studies on the adverse health effects of

daily exposure to increased concentrations of

suspended particles do not seem to provide suffi-

cient information on the reduction in life expec-

tancy, the influence of air pollution on long-term

mortality, or the role of pollutants in the occur-

rence and progression of chronic diseases

(McMichael et al. 1998).

5 Conclusions

The present study confirms the impact of

increased PM10 concentration by each 10 μg/m3

on the risk of lung obstruction. The study cov-

ered a population sample older than 40 years, in

which the risk of obstructive lung diseases is

higher than that of asthma. We took into account

only non-smoking persons, unaffected by this

key factor of lung obstruction. The calculated

relative risk of lung obstruction amounted to

1.27, 1.24, and 1.19 for persons living in urban

areas exposed to an average increase in PM10

emission of 10 μg/m3 for 20, 30, and 40 years,

respectively. A tendency for a decrease in the

risk of obstruction was revealed, opposing the

expectancy, which seems spurious as it indicates

that in fact lung obstruction develops faster in the

groups living shorter in the polluted air. That

spurious decrease in the incidence of lung

obstruction in urban citizens, along with little

changes in the control groups, caused an overall

decrease in the relative risk. The study shows a

positive relative risk of lung obstruction due to

an exposure to high PM10 emission.
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