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Air Pollution and Daily Mortality in Inchon, Korea

The association between total daily mortality and air pollution was investigated
for a 1-year period (January 1995 to December 1995) in Inchon, Korea. The
purpose of this study was to evaluate the relative importance of particulate and
gaseous air pollution as predictors of daily mortality. Concentration of total sus-
pended particulates (TSP), inhalable particles (PMio), and gaseous pollutants,
such as sulfur dioxide, nitrogen dioxide, ozone, carbon monoxide, were mea-
sured daily during the study period. A generalized additive model was used
to regress daily death counts on each air pollutant, controlling for time trend
and meteorologic influences such as temperature or relative humidity. Total
mortality was found to increase 1.2% (95% Cl: 0.2 to 2.2%) for each 10 yg/m®
increase in 6-day moving average of TSP, and 1.2% (95% Cl 0.2 to 2.1%)
for each 10 pg/m® increase in 5-day moving average of PMyo. The association
is similar in magnitude to associations between particulate air pollution and
mortality found in several other communities in America and Europe. Associa-
tions with gaseous pollutants were all statistically insignificant in the generalized
additive model. The relative risk of death increased at particulate levels that
were well below the current Korean Ambient Air Quality Standard.

Key Words : Air pollution; Mortality, Particle size; Gases; Nitrogen dioxide; Ozone; Carbon monoxide

Yun Chul Hong, Jong Han Leem, Eun Hee Ha*

Department of Preventive Medicine, Inha University,
College of Medicine, Inchon, Korea
*Department of Preventive Medicine, Ewha
Womens University, College of Medicine, Seoul,
Korea

Received : 13 August 1998
Accepted : 4 December 1998

Address for correspondence

Yun Chul Hong, M.D.

Department of Preventive Medicine, Inha University,
College of Medicine, 253 Yonghyun-dong,
Nam-gu, Inchon 402-751, Korea

Tel . +82.32-890-2860, Fax: +82.32-890-2859
E-mail : ychong@dragon.inha.ac.kr

*This research was supported by Inha University
Research Fund, 1997.

INTRODUCTION

The most acute episode occurred in London in 1952,
when 4,000 excess deaths were attributed to air pollu-
tion. Othet acute episodes wete teported in Donora in
1948, New York in 1953 and Los Angeles in 1963.
Effects wete the strongest among populations that are
especially vulnerable to stress, including the chronically
ill and the eldetly. It is difficult to demonstrate the asso-
cation of increased motbidity and mortality with expo-
sure to ait pollution, because of confoundets such as age,
smoking, genetic susceptibility, socioeconomic status,
residential petiod, racial background, previous respiratory
disease and weather condition. However, consistent asso-
ciation has been demonstrated between residential petriod
and increased mortality in the air pollution areas, when
the confounders were controlled (1, 2). Different preva-
lence rates of respiratory symptoms between high air
pollution ateas and low ait pollution areas has also been
observed (3, 4). Increased daily mortality associated with
various measures of particulate ait pollution has been
reported in a number of communites. Daily mortality
has been associated with total suspended particulates
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(TSP) in Steubenville (5), and Philadelphia (6), and Mexi-
co City (7) and with particulate matter less than 10 ym
(PMy) in Utah Valley (2), Birmingham (8, 9), St. Louis
and Kingston (10) and Amsterdam (11). Most published
reports carried out in the U.S.A. show that particulate
matter exhibits the relationship most clearly (2,5, 12-
16). The relationship appeats to continue well below
cutrent ambient air quality standatds (17, 18). In Europe,
a seties of investigations has been carried out but the
results were mote diverse in terms of the pollutant with
the strongest associations. In most European cases, there
was a significant relation between mortality and either
SO, or particulate matter (19-24). The combining effects
of dust particles and certain components may have an
impottant role in the damaging process than dust parti-
cles only. Different areas have different mixtures of parti-
cles. Thus, it is unclear whether the same particles/mot-
tality rtelationships found in America or Eutope would
apply equally for Inchon, Korea.

Only a few studies described the association between
the present levels of air pollution in Eastern Asia and
morttality (25, 26). The objective of the present study was
to repott on the association between daily mortality and
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daily levels of ambient air pollution in Inchon.

MATERIALS AND METHODS

Mortality data

Daily deaths for the Inchon area were read from the
annual detail mortality tapes of the National Statistical
Office for the period of Januaty 1, 1995 to December
31, 1995. The cause-specific categories included in the
present analysis were catdiovascular deaths, tespiratoty
deaths and total deaths not due to accidents ot violence.
The tenth revision International Classification of Diseases
(ICD) codes was used to define these categoties.

Study area and weather data

The city of Inchon is located on western side of the
Kotean peninsula and with a sea on the west and metro-
politan Seoul on the east. It is the third largest city in
the country. The population of Inchon was 2.2 million
as indicated by the 1995 census. It has a four-season
climate; low-level temperature inversions ate common
duting the winter months. Data on 24-hr mean tempet-
atute and relative humidity were obtained from the
Inchon weather station.

Air pollution

Air pollution data were obtained from the Department
of Environmental Engineering, Inha University where the
data were routinely audited. Three monitoring sites for
24-ht measutements of air pollution were established by

Table 1. Mean values of variables related to daily mortality in
Inchon, Korea

Variable N Mean SD Range
Mortality
Total deaths/day 3b5 219 5.1 10-37

Cardiovascular deaths/day 365 6.8 2.8 1-18
Respiratory deaths/day b5 12 1.1 0-6

Meteorology
Temperature (TC) 365 119 9.7 -7.0-280
Relative humidity (%) 365 692 148 32.1-964
Particulate pollution
TSP (ug/m? 343 921 427 16.7-307.3
PMso (ug/m) 341 744 344 150-2138
Gaseous pollution
SOz (ppb) 358 226 87 72528
NO. (ppb) 358 230 94  52-581
05 (ppb) 358 129 52 19337
CO (ppm) 346 1.7 08 0351

Y.C. Hong, J.H. Leem, E.H. Ha

the Department of Environment. Two TSP monitoring
sites of the three were: (1) the Pupyong monitor, located
neat the industrialized area; and (2) the Kuwol monitor,
located in residental area. One additional PM;y monitoring
site was established later in the Sungwei atea which is
an old residential area. TSP levels at the Pupyong and
Kuwol sites were 85.02 and 102.56 yg/m’, respectively,
and they correlated significantly with each other (£=0.56,
$<0.01). PMy, levels at the Sungwei site were relatively
high and equaled 74.40 yg/m’ and correlated well with
the mean of two TSP levels (¢=0.80, p<<0.01). Simulta-
neous monitoting of sulfur dioxide (SO»), nitrogen dioxide
(NOy), ozone (Os), and carbon monoxide (CO) was con-
ducted at the three sites (Table 1). Concentrations of these
pollutants were measured houtly during the petiod, and
24-ht averages wete constructed among measurement sites.

Statistical analysis

The association between daily mortality and air pollu-
tants was analyzed with a generalized additive model
using S-plus statistical software (version 4.0). Mortality
is classically modeled as a Poisson process, which can
genetally be described as a process that generates inde-
pendent and rare occurrences. Daily mortality was fit to
the generalized additive model, which included Loess
function of tdme trend (number of days since the start
of study), temperature and relative humidity. Among the
variables, relative humidity explained the vatiation in
morttality significantly (§<0.05) while time trend and
tempetature did not. However, we included these three
vatiables in the basic model. Once this model was estab-
lished, the additional effect of each air pollutant or two
pollutants in predicting daily mottality was evaluated
separately. Air pollutants may affect mortality with some
lags, and the appropriate average time for exposure may
exceed 24 hr; therefore, concutrent exposure and multi-
ple-day moving averages (up to 6 days) were considered.
In these models, as in a classic Poisson model, we assume
Log[E(Y)|=Xp, where E(Y) denotes the expected value
of daily deaths; X is the matrix of covariates; and 3 is
the vector of the estimated regression coefficients (27,
28). The relative risk estimates are given by the expo-
nential of the S coefficients. The estimated percentage
that increased with deaths attributed to air pollution
based on this model is calculated as follows: (£*-1)100,
where 7 is the mean pollution concentration and £ is
the regression coefficient for the pollutant.

RESULTS

The distribution of mortality, meteorologic measutes,
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Table 2. Correlations between meteorologic and air pollutant variables and daily mortality

Multiple-day moving average

Variables

Current exposure 0-1 days 0-2 days 0-3 days 0-4 days 0-5 days 0-6 days
Temperature -0.197 -0.197 -0.20" -0.20" -0.217 0217 0217
Relative humidity -0.04 -0.01 -0.12* -0.14" 0177 -0.18" -0.197
TSP 0.07 0.14" 0.15" 0.18" 0.20" 0.20" 017"
PMyo 0.05 0.13* 0.15" 0.16" 0.18" 017" 0.16"
SO, 0.08 0.13* 0.14" 0.16" 0.16" 0.16" 0.16"
NO» 0.12* 0.18" 0.19" 0.21" 0217 0.20" 017"
O 0.147 0177 -0.18" -0.197 -0.18" -0.18" 0187
CO 0.07 011~ 0.11* 0.12* 0.12* 0.11* 011~

*n<0.05, "p<0.01

and air pollution between January 1, 1995 and Decem-
ber 31, 1995 are presented for Inchon (Table 1). TSP
exceeded the ambient 24-hr standard of 300 pg/m’ on
1 day and PMjy exceeded the ambient 24-hr standard
of 150 pg/m’ on 10 days. PMj level was 80.8% of the
mean of two TSP levels, however it decreased to 72.5%
of TSP level in residential ateas only. Thete were no
violations of ambient standards for gaseous pollutants.

The Pearson cotrelation between vatiables and multi-
ple-day lagged moving averages are presented in Table
2. Cotrelations between the daily mortality and pollution
variables were small but significant. Negative correlation
between the daily mortality and O; was noticeable and
thete was also a negative cortelation between daily mot-
tality and relative humidity. The stronger association
with mottality was seen at multiple-day lagged moving
averages rather than current exposure, especially strong
cotrelations were at G-day moving average of TSP and

5-day moving average of other pollutants. Significant cot-
relations were seen between mortality and temperature.
Relative humidity was also significantly associated with
mottality. Controlling these two meteorologic vatiables
and time trend in the model of regression resulted in a
better explanation of influence of individual pollutants to
mortality (Fig. 1).

The relationship between particulate pollution and
mottality was complicated by the fact that periods with
highest patticulate matter pollution occurred during win-
ter months, and a higher incidence of death may be at
least partially due to cold winter weathet. We controlled
for this with a generalized additive model, which includ-
ed time trend and weather variables as described above.
In one pollutant model which included one pollutant in
the basic model controlling for time trend and weather
(Table 3), particulate pollutants wete significant predic-
tors of daily morttality. An increase in 6-day moving aver-
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Fig. 1. Plot of the residual number of deaths each day controlling for time trend and weather variables. After filtering, no time
trend was observed. The line was fitted with the locally weighted regression (Loess) method.
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Table 3. Comparison of one pollutant model regression with
multiple-day moving average of pollution on daily mortality con-
trolling for time trend and weather variables
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Table 4. Comparison of one pollutant model regression with
multiple-day moving average of pollution on daily cardiovas-
cular mortality controlling for time trend and weather variables

Pollutant Relative risk 95% Cl Pollutant Relative risk ~ 95% Cl

6-day moving average of TSP* 1.012 1.002-1.022 6-day moving average of TSP* 1.020 1.002-1.038
5-day moving average of PMip* 1.012 1.002-1.021 5-day moving average of PMig* 1.014 0.996-1.031
5-day moving average of SO," 1.007 0.956-1.062 5-day moving average of SO,' 1.028 0.937-1.129
5-day moving average of NO,' 1.038 0.996-1.081 5-day moving average of NO,' 1.041 0.968-1.120
5-day moving average of Os' 0.943 0.864-1.029 5-day moving average of Os' 0.928 0.793-1.087
5-day moving average of CO* 0.993 0.950-1.037 5-day moving average of CO* 0.965 0.892-1.044

*relative risk for an increase of 10 pyg/m®
Trelative risk for an increase of 10 ppb
*relative risk for an increase of 1 ppm

age of TSP, equal to 10 pg/m’, was associated with an
increase in relative tisk of mottality to 1.2%. The pro-
portion of total deaths attributed to TSP during this
petiod would equal to 11.7%. An increase in 5-day mov-
ing average of PMjq, equal to 10 yg/m’, was associated
with an increase in relative risk of mortality to 1.2%.
The propottion of total deaths attributed to PMyo during
this period would be equalled to 9.3%. Gaseous pol-
lutants were not associated significantly in the above
model. In two pollutant models of PM;q and each gas-
eous pollutant, PMy was significantly associated with
daily mortality except in the PM;y and NO, model. In
two pollutant models of TSP and each gaseous pollutant,
TSP was also significantly associated with daily mortality
except in the TSP and NO, model.
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Fig. 2. Relative risk of mortality for quintiles of 5-day moving

average of PMyg after controlling for time trend and weather
variables.

*relative risk for an increase of 10 pg/m?®
Trelative risk for an increase of 10 ppb
*relative risk for an increase of 1 ppm

To show the dose-response telationship between pat-
ticulate matter and daily mortality, the 5-day moving
average of PMi, levels was replaced in the model with
dummy variables for quintiles of the PM;, levels. Fig.
2 shows the relative risk of mortality by 5-day moving
average of PMy,, with the risk in the lowest quintile
taken as one after controlling for time trend and weather
variables. Excess mottality tisk is cleatly evident in the
upper range of PMy, levels and there is a dose-response
relationship.

Regression results wete also obtained for respiratoty
and cardiovascular death. No significant pollution slopes
wete obtained in tespiratory death and this result was
expected due to the very small number of respiratory
daily deaths. In one pollutant model for cardiovascular
mottality, the association of TSP with mortality remained
significant (Table 4).

DISCUSSION

This study documents a strong association between
mottality and particulate pollution. A relationship be-
tween deaths per day and TSP was obsetved in some
studies that used data from Steubenville (5) and Philadel-
phia (6) in U.S.A. and Mexico City (7). An increase in
TSP equal to 100 yg/m’ was associated with an esti-
mated increase in deaths per day of 4%, 7%, and 6%,
respectively. Daily deaths were also associated with PM;q
in St. Louis and Kingston in U.S.A. (10) and Birming-
ham in UK. (9), and Amsterdam in the Netherlands
(11). An increase in PM;q of 100 ,ug/m3 was estimated
to increase in mortality by 16.2 and 17.4%, respectively
in St. Louis and Kingston. The effect of 100 yg/m’ in
PM, was estimated to represent a 11% and 6% increase
in mortality in Bitmingham and Amsterdam, respec-
tively. In the Utah County study, an increase in PMio
of 100 pg/m’ was estimated to increase mortality by
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approximately 16% (2). Mortality increased with particu-
late pollution, and the pollution effect was obsetvable
even at telatively low levels of patticulate pollution. The
increases in daily mortality in Inchon associated with a
100 ,ug/m3 increase in TSP and PM;, were 12.8% and
13.0%, tespectively. The values are in the upper range
of those found in above studies. The reason for this high
risk in Inchon is not clear. It is possible that higher con-
centrations of particulate matters make the risk higher
than in lowetr concentration atea. Another possibility for
this high risk is that the chemical composition of partic-
ulates in Inchon is different from other areas.

High particulate pollution concentrations in Inchon
occut during cold winter weather. There are substantial
differences in the coincidental weather patterns that
accompany particulate exposure in different locations in
the wotld. However the observed associations ate vety
similar between patticulate pollution and mortality. It is
unlikely that confounding weather effects are the soutce
of the apparent pollution effects. Sources and levels of
ambient air pollution as well as population characteristics
and habits vary widely among America, Europe and
Kotea. The results of this study suggest that these differ-
ences do not largely influence the relationship.

The associations between particulate pollution and
morttality ate also observed when time trend and weather
variables are accounted for. Given the coherency of the
observed associations between particulate pollution and
mottality across different geographic locations, the asso-
ciation repotted herein indicates that particulate pollution
is an important conttibutor to premature death. The
association is obsetrved at pollution levels well below
Kotean ambient air quality standards (24-hr standard of
TSP, 300 ug/m’; 24-hr standard of PMyg, 150 yg/m’).
From multiple studies with similar finding and effect
sizes, and the manifestation of a dose-response relation-
ship, the relationships appeat to be causal. However, the
mechanism for association between daily mortality and
partticulate air pollution is not obvious. Some studies
provide evidence that PM;, has free radical activity and
causes lung inflammation (29, 30). Heavy metals and
polycyclic aromatic hydrocatbons (PAH) in particulate
pollution may have harmful effects (31, 32), alchough the
specific mechanism is not clear yet.

NO,, SO,, and CO are gaseous pollutants released
mainly from motot vehicle and combustion sources. Our
analysis showed that gaseous pollutants were not signifi-
cantly associated with daily mortality and the association
of gases remained insignificant in two pollutants model
controlling patticulate pollutant. This result was similar
with previous teports which described insignificant asso-
clation between mortality and gases, when particulate
pollutants wete included in the model. It was well known
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that NO, and SO, ate converted to sulfates and nitrates,
thus contributing to the fine particles. That makes the
individual effect of the gaseous pollutants more difficule
to explain. Despite of inhibition of oxygen carrying
capacity and the possibility of increasing susceptibility of
severely compromised patient, CO was not remarkably
associated with mortality.

Epidemiological findings show that O exposute is
associated with transient adverse tespiratoty effects in
healthy people, as well as in people with preexisting res-
pitatoty disease (34). In this study, O; exposure was
insignificantly negatively and associated with mortality.
The negatively directed association was not changed even
when analysis was confined to summer, and this result
was at least pattly related to low ozone concentrations
in Inchon. Because O; is a secondary pollutant and sensi-
tive to methods of weather control, mote investigations
ate needed to study the adverse health effect of O; in
diverse locations of different ozone concentrations and
weather conditions. The few deaths due to tespiratoty
and cardiovascular causes may have limited our ability
to detect small pollution associations. However, deaths
associated with pollution exposures should not necessatily
be classified as respiratory ot cardiovascular. A vatiety of
advanced disease states might predispose individuals to
increased susceptibility to premature death due to air
pollution exposure. It is important to emphasize that,
although statistically significant associations have been
detected among mortality and particulates, one can never
conclude with complete confidence that such associations
ate causal based on results from an observational study.
Future studies should be directed at providing insight
into the mechanisms undetlying a possible causal rela-
tionship between particulate exposutes and mortality.
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