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SUMMARY

The present study assesses the short-term association between black smoke (BS) and sulphur dioxide (SO,) levels in urban air and the daily
number of emergency room admissions for chronic obstructive pulmonary disease (COPD) in Ni§, Serbia.

Generalised linear models extending Poisson regression were fitted controlling for time trend, seasonal variations, days of the week, temperature,
relative humidity, air pressure, precipitation, rainfall, snowfall, overcast, and wind velocity.

The emergency room admissions for all ages for COPD were significantly associated with previous-day level of BS and lag 0-2 (1,60% and
2,26% increase per 10 ug/m?®, respectively). After controlling for SO,, single lagged (lag 1 and lag 2) as well as mean lagged values of BS (up to

lag 0-3) were significantly associated with COPD emergencies.
No effect was found for SO,, even after controlling for black smoke.

The present findings support the conclusion that current levels of ambient BS may have an effect on the respiratory health of susceptible

persons.
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INTRODUCTION

Studies conducted in very different environments have consist-
ently observed that admissions due to chronic obstructive pulmonary
disease (COPD) increased on days with high pollution levels (1-4).
Recent results suggest that adverse health effects of air pollution
exist at levels of pollutants around and below the current national
and international air quality guidelines and standards (5).

People with COPD have been reported to be more suscepti-
ble to adverse health effects of air pollution than healthy people
(6). There are good evidence that pollutants, either primarily
generated by combustion sources or secondarily produced after
chemical transformation in the atmosphere, aggravate pre-existing
chronic respiratory conditions, such as COPD. Fine and ultrafine
particles from combustion sources are the most likely causes of
the respiratory effects (7, 8). Physical and chemical properties
of particulate matter have been postulated to be determinants of
toxicity: for example, metal content, oxidative potential, or being
in the ultrafine size mode (<0,10 um) (9).

The short-term effects of pollutants have been the main focus for
study, especially in time-series studies. Typically, effect estimates
are given as an increase in the health outcome associated with a
10 pg/m? increase in pollutants concentrations. Acute effects are well
established for total non-accidental and respiratory mortality, as well
as respiratory hospital and emergency room admissions (10).

This is the first study providing quantitative estimates of the
short-term effects of air pollution on emergency room admissions for
COPD in our country. Relation with cardiovascular and total non-ac-

cidental mortality at current levels of exposure has already become
apparent with recent time-series studies provided in Nis (11, 12).
In this study, we evaluated the short-term association between
black smoke (BS) and sulphur dioxide (SO,), and all ages emergen-
cy room admissions for chronic obstructive pulmonary disease.

MATERIAL AND METHODS

Nis§ is the second biggest city in Serbia, a continental urban
city area that covers 32 km? with 171,000 inhabitants. A major
source of air pollutants is fuel combustion including motor vehicle
emissions and residential wood, coal, and oil burning. Air pol-
lution in Nis is generally below the limit, and usually within the
values recommended by the World Health Organization (WHO).
The climate is moderate continental.

The daily number of emergency room admissions for COPD
in 2002 was obtained from a register of hospital respiratory
emergencies, which included, in practise, all COPD emergency
room admissions in the area. For COPD visits we used Interna-
tional Classification of Diseases Revision 10 (ICD—10) code J44.
Clinical records of all the emergency room visits were reviewed
by trained physicians.

Air pollution data were provided by the Public Health Institute
of Ni8. Daily concentrations of BS and SO, were obtained from the
city monitoring network. Data included 24 hour average BS and
SO, levels. In view of the low ambient concentrations, monitoring
of nitrogen dioxide (NO,) and ozone (O,) in Ni$ has been confined




to only one station in recent years. We have therefore excluded
both NO, and O, from our study. The height of the measurement
points was 2 m. The sampling protocol and the laboratory experi-
ments was carried out by well trained and competent personnel
and were done according to the Regulation of Guideline Values of
Imission (Official Register Republic of Serbia 54/1992), as well as
the International Organization for Standardization (ISO) standards
and procedures. Pollutant measurements that failed to meet quality
assurance criteria were excluded from the study. Missing air pollu-
tion data for 6% days of the period were treated as being missing
completely at random and were dropped from the analyses.

Daily concentrations of BS (pg/m?®) were measured by the
refractometry method. The sampling was performed by the means
of'a pump operating with a flow rate of 1 I/min through Whattman
No.1 paper filters. The concentration of sulphur dioxide (ug/m?)
was measured by the pararosaniline method. The lower limit of
detection of sulphur dioxide was 1.0 pg/m?>.

The association between COPD emergency room admissions
and weather variables was assessed in the models including the
significant time-related variables. The weather variables studied
were temperature (daily minimum, maximum, and mean), relative
humidity, dew point temperature, air pressure, precipitation, rain-
fall, snowfall, overcast, and wind velocity. The weather variables
were obtained from Republic Meteorological Department.

Generalized linear model (GLM) extending Poisson regression
was applied allowing for overdispersion. This model used COPD
emergency room admissions counts as the response variable, the
natural cubic splines of the calendar time, weather variables, the
day of the weak and season as indicator variables, and air pollu-
tion as predictor variable.

The model fitting was based on Akaike Information Criteria
(AIC). To construct the model, the appropriate lag periods for
weather variables and pollutants that gave the smallest AIC value
were used. The degrees of freedom for natural spline functions
of time and weather variables influence approximation that gave
the smallest AIC value were selected. The pollutant was fitted as

linear term. Analyses were done using S-PLUS 2000 software.

We assessed the effects of lagging exposure for 0, 1, 2, and 3 days
(lag0,1ag 1,1ag 2, and lag 3 days, respectively) as well as cumulative
lags (lag 01, lag 0-2, lag 0-3). Lag 0 was defined as the 24-hour
period from midnight to midnight, of the day of the admission, and
lag 1 as the preceding 24-hour period, and so on. In cumulative lags
(lag 01, lag 0-2, lag 0-3), we examined average concentrations on
the day of the admission and the previous days. Untransformed sin-
gle pollutant concentrations were examined in unipollutant models.
To study the combined effects of the pollutants, bipollutant models
were constructed. Bipollutant models (in which both BS and sulphur
dioxide were included together) examined the independence of any
associations observed in unupollutant models.

The specific model formulation for emergency room admis-
sions for COPD is given below:

E[log(Yi)] = a+ air pollution + pol(minimum temperature
degree=2) + ncs(rainfalllag:3,
+nes(i, df=7) + day of week

lag=1°

df=3) + snowfall + ncs(wind, df=7)

where i indicates the day in the time series, Yi is the number of emer-
gency room admissions on day i, a is intercept, pol is polinomial
function, ncs is natural cubic spline and df is degree of freedom.

RESULTS

The descriptive data of daily emergency room admissions
for COPD, pollutants concentrations, and weather variables are
presented in Table 1. In the study, there were a total of 4,572
emergency room admissions for COPD in the city of Ni§. The
daily mean number of COPD emergency room admissions
was 12.5343.26 (5 to 21). The daily mean level for BS was
21.25£21.12 pg/m?, minimum 2.00 pg/m? and maximum 180.00
pg/m’. The daily mean level for SO, was 15.64+10.79 pg/m’,
minimum 1.00 pg/m? and maximum 58.00 pg/m>.

Table 1. Distribution of daily emergency room admissions for COPD, air pollutants and weather variables in Ni§

Mean SD Min 10th perc Median 90th perc Max
COPD admissions (n) 12.53 3.26 5.00 9.00 12.00 17.00 21.00
Black smoke (ug/m?) 21.25 2112 2.00 6.80 15.50 35.60 180.00
Sulphur dioxide (ug/m?) 15.64 10.79 1.00 4.50 14.00 33.20 58.00
Mean temperature (°C) 12.64 8.43 -10.80 0.56 12.80 23.20 29.90
Maximum temperature (°C) 18.66 9.79 -8.20 3.20 20.00 30.00 37.00
Minimum temperature (°C) 7.60 7.54 -12.60 -2.54 7.80 17.00 23.50
Relative humidity (%) 69.77 12.63 26.00 52.60 71.00 86.00 96.00
Dew point temperature (°C) 6.68 7.25 -14.83 -2.98 6.91 16.14 18.93
Air pressure (mBar) 993.65 6.18 979.00 986.10 993.10 1001.34 1014.00
Air pressure change (mBar) 2.86 1.76 0.20 1.00 2.50 5.14 10.30
Precipitation (mm) 1.81 4.21 0.00 0.00 0.00 6.24 25.90
Rainfall (mm) 1.66 4.15 0.00 0.00 0.00 6.08 26.00
Snowfall (mm) 0.15 0.97 0.00 0.00 0.00 0.00 12.70
Overcast (%) 59.32 30.30 0.00 13.00 60.00 100.00 100.00
Wind velocity (m/s) 1.76 1.27 0.00 0.28 1.58 3.70 7.61




Table 2. ORs (95% Cls)/10 ug/m?® increase in concentration of BS for daily numbers of all age emergency room admissions

for COPD
Cl
Model Lag B* SE** t p OR
Lower 95% Upper 95%

0 0.00942 0.00836 1.13 p>0.05 1.00946 0.99305 1.02615

1 0.01590 0.00808 1.97 p<0.05 1.01603 1.00006 1.03226

2 0.01496 0.00792 1.89 p>0.05 1.01508 0.99944 1.03096

Unipollutant 3 0.00554 0.00785 0.71 p>0.05 1.00555 0.99021 1.02114
0-1 0.01740 0.00964 1.80 p>0.05 1.01755 0.99850 1.03695

0-2 0.02232 0.01047 213 p<0.05 1.02257 1.00180 1.04378

0-3 0.02156 0.01112 1.94 p>0.05 1.02180 0.99977 1.04431

0 0.01281 0.00916 1.40 p>0.05 1.01289 0.99487 1.03123

1 0.01775 0.00901 1.97 p<0.05 1.01790 1.00008 1.03604

2 0.01915 0.00881 217 p<0.05 1.01934 1.00189 1.03708

Bipollutant 3 0.01091 0.00876 1.25 p>0.05 1.01097 0.99375 1.02849
0-1 0.02064 0.01054 1.96 p<0.05 1.02086 0.99998 1.04217

0-2 0.02718 0.01151 2.36 p<0.05 1.02755 1.00464 1.05099

0-3 0.02836 0.01230 2.31 p<0.05 1.02877 1.00427 1.05387

*regression coefficient

** standard error

Table 3. ORs (95% Cls)/10 ug/m?® increase in concentration of SO, for daily numbers of all age emergency room admissions

for COPD
Cl
Model Lag g SE** t p OR
Lower 95% Upper 95%
0 -0.00654 0.01704 0.38 p>0.05 0.99348 0.96086 1.02722
1 0.00715 0.01700 0.42 p>0.05 1.00717 0.97417 1.04129
2 -0.00327 0.01680 0.19 p>0.05 0.99673 0.96445 1.03010
Unipollutant 3 -0.01548 0.01677 0.92 p>0.05 0.98464 0.95281 1.01753
0-1 0.00041 0.01960 0.02 p>0.05 1.00041 0.96270 1.03959
0-2 -0.00144 0.02134 0.07 p>0.05 0.99856 0.95765 1.04122
0-3 -0.00818 0.02246 0.36 p>0.05 0.99185 0.94914 1.03649
0 -0.01689 0.01861 0.91 p>0.05 0.98325 0.94804 1.01977
1 -0.00872 0.01886 0.46 p>0.05 0.99131 0.95533 1.02865
2 -0.02023 0.01859 1.09 p>0.05 0.97997 0.94490 1.01634
Bipollutant 3 -0.02564 0.01869 1.37 p>0.05 0.97469 0.93962 1.01106
0-1 -0.01626 0.02145 0.76 p>0.05 0.98387 0.94336 1.02613
0-2 -0.02387 0.02348 1.02 p>0.05 0.97641 0.93250 1.02240
0-3 -0.03217 0.02487 1.29 p>0.05 0.96834 0.92227 1.01672

*regression coefficient
** standard error

After adjusting for weather and time-related variables, in uni-
pollutant model, previous 1 day levels of BS were significantly
associated with emergency room admissions for COPD (Table 2
and Fig. 1). For an increase of 10 pg/m’ of BS the daily number
of admissions for COPD in previous 1 day increased 1.60%
(OR=1.01603; 95% CI: 1.00006 to 1.03226). The magnitude of
the associations for current and lagged (lag 2 and lag 3) levels of
BS were lower and statistically not significant. The associations
were slightly stronger with a cumulative measure of BS. The

mean of the current and previous 2 days (lag 0-2) concentrations
of black smoke led to an increase of 2.26% (OR=1.02257; 95%
CI: 1.00180 to 1.04378) of COPD admissions. There was no
significant association between emergency room admissions for
COPD and levels of BS lagged 0—1 and 0-3.

After controlling for SO,, in bipollutant model, BS re-
mained a strong indicator of COPD admissions for lag 1 levels
(OR=1.01790; 95% CI: 1.00008 to 1.03604). For an increase of
10 pg/m® of BS, the daily number of admissions for COPD in

10



OR
1.10
1.08
1.06
1.04
1.02
1.00
0.98
0.96
0.94
0.92
0.90

REEREREERE RS

Y = =

LagO|Lag 1|Lag2|Lag 3 Lag O|Lag 1|Lag 2|Lag 3 Lag

0-2

Lag
0-3

Lag
0-

Lag | Lag
0-2 | 0-3

Lag
0-1

unipollutant bipollutant

Fig. 1. Association between BS concentration and the number
of all age emergency room admissions for COPD.
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Fig. 2. Association between SO, concentration and the number
of all age emergency room admissions for COPD.

previous 2 days increased 1.93% (OR=1.01934; 95% CI: 1.00189
to 1.03708). The mean of the current and previous 2 days (lag 0-2)
concentrations of BS led to a stronger associations with COPD
emergency room admissions than in unipollutant model (2.75% in-
crease (OR=1.02755; 95% CI: 1.00464 to 1.05099) for an increase
of 10 pg/m?® of BS). For an increase of 10 pg/m® of BS, increase
in emergency room admissions for COPD (lag 0—1 and 0-3) was
2.09% (OR=1.02086; 95% CI: 0.99998 to 1.04217) and 2.88%
(OR=1.02877; 95% CI: 1.00427 to 1.05387), respectively.

Table 3 and Fig. 2 summarise the results of SO, influence on
emergency room admissions for COPD. No significant associations
were found for SO,, even after controlling for black smoke.

DISCUSSION

Our study has shown a small but significant association of BS
with emergency room admissions for COPD in Ni$. In contrast,
no significant associations were found for sulphur dioxide, even
after controlling for black smoke.

Our results are consistent with previous studies showing as-
sociations of particulate pollutants with respiratory conditions.
Time-series studies in North America have indicated that particles
are related to emergency hospital admissions for respiratory condi-
tions (13, 14). Additional investigations (15, 16), including studies
in European cities (17-19), have suggested that air pollutants have
a role in explaining variations in respiratory admissions.

Studies conducted in different cities in Europe, USA and Aus-
tralia have consistently observed that admissions due to COPD
increased on days with high pollution values (20-22). These
results are consistent in demonstrating small but statistically
significant increases in hospital emergency visits and admissions,

in association with small elevations of air pollution (23).

In 1991, Sunyer et al. (24) reported time-series analyses of
air pollution and emergency hospital admissions for COPD in
Barcelona, Spain, during 1985-1986. They found a weak, but
statistically significant association between admissions for ob-
structive pulmonary disease and BS, SO, and carbon monoxide
(CO). Daily emergency room admissions for COPD increased by
0.02 and 0.01 for each ug/m’ of SO, and BS, respectively.

The 5 year Barcelona study on emergency admissions for COPD
confirmed previous results. In this study, an increase of 25 pg/m?’ in SO,
was associated with a 6% to 9% increase in emergency room admissions
for COPD during winter and summier, respectively. For BS, a similar
change was found during winter, although the change was smaller in
summer. The association of each pollutant with COPD admissions
remained significant after control for the other pollutant (25).

Subsequent studies in the USA and Canada have focused on
particles and O, as the key pollutants associated with emergency
room visits or hospital admissions for respiratory conditions and
asthma (26, 27). However, European time-series analyses con-
ducted within the Air Pollution on Health, European Approach
(APHEA) initiative (28) have suggested that gaseous air pollut-
ants are more important determinants of acute hospitalization for
respiratory conditions than particulate mass.

The APHEA study reported significant associations between
daily values of SO, and the number of daily admissions for asthma
in children (19), but not with asthma or COPD in adults (17, 19).
In APHEA 2 project, in 8 European cities, it was found that an
increase of 10 pg/m? in SO2 was associated with a 0.6% (95%
CI 0.0-1.2%) increase in emergency room admissions for COPD
and asthma at ages 65+years (29).

Burnett et al. (16) have underlined the importance of consider-
ing all available air pollution measures to assess the health effects
of a single pollutant. Even though there are difficulties in separat-
ing the effects of particles from those of various gases, the gases
themselves may be surrogates for fine and ultrafine particles.

Fine and ultrafine particles from combustion sources are the
most likely causes of the respiratory effects, given the evidence
from panel studies (7, 8). There is good evidence that particulate
matter less than 10 pm in diameter (PM10) has free radical activity
and causes lung inflammation and epithelial injury (30). COPD
patients have a systemic deficit in their antioxidant defenses (31),
and particles could have produced a significant additive oxida-
tive stress (32) as a response to the inflammation of the lungs
(33, 34). Particles in the ultrafine size fraction have been shown
to be able to penetrate into the alveolar region of the lung and
in persons suffering from COPD and asthma the deposition is
increased (35). In shortage of the equipment for measuring PM 10
and particulate matter less than 2.5 pum in diameter (PM2.5) we
used black smoke measurement data. Black smoke represents
a mixture with varying chemical and physical characteristics and
different toxicity. However, WHO documents indicate that BS
could serve as a useful marker in epidemiological studies and
that BS concentration are much more directly influenced by local
traffic sources than other pollutants (36).

People with COPD have been reported to be more susceptible to
adverse health effects of air pollution than healthy people (6). How-
ever, the effects of ambient BS and SO, on the symptoms of patients
with COPD are not well known. While some positive associations
between BS, SO,, and respiratory disease, including COPD, have
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been found, the results have not been consistent. Our analysis of
unipollutant and bipollutant models suggests that emergency room
admissions for COPD was primarily associated with BS.

Sulphur dioxide did not show a significant association with
emergency room admissions for COPD in our study. Currently, the
major source of pollution in Nis is fuel combustion and low quality
motor vehicle emissions and SO, might be a surrogate of the traf-
fic pollution mixture. Sulphur dioxide, a highly soluble gas, was
predomonantly stripped out of the upper airways (27), but the role
of SO, in exacerbating COPD was less coherent. Sulphur dioxide
(SO,) causes bronchoconstriction in normal and asthmatic subjects
after short term exposures (within five minutes) in chamber studies
(37). However, urban atmospheres in Europe rarely attain the levels
of SO, used in human experiments (200 ppb) (38).

Conclusions of our study indicates that air pollution is as-
sociated with increased emergency room admissions in Ni§ for
COPD. These results are consistent with the international literature
on the short-term health effects of air pollution, and provides
evidence that current levels of air pollution in Ni§ are associated
with adverse health outcomes. It appears that the health effects of
BS mainly concern sensitive population subgroups with chronic
respiratory illness, such as COPD. In contrast, no significant as-
sociations were found for SO,, even after controlling for black
smoke. Our results indicate that SO, may be acting as a surrogate
for a specific mixture of other pollutants.

Frequent COPD exacerbations appear to be associated with
worsening health outcomes, and to estimate the potential public
health benefit of reducing air pollution below various thresholds
is important. Even a weak effect of air pollution on health will
constitute an important problem, because of ubiquity of exposure
for large populations (39).
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