
ABSTRACT

This study aimed at assessing the association bet-
ween exposure to severe air pollution in the past and
the subsequent transition in lung cancer mortality
among persons who lived in an industrial city. Vital
statistics from 1983 to 2006 and the data on air pol-
lution measurements from 1960 to 1990 in Amaga-
saki City, Japan, were used. Pearson correlation coef-
ficients were calculated between the standardized
mortality ratios (SMRs) for lung cancer and the air
pollution levels in 6 wards of Amagasaki City. The
associations between changes in air pollution levels
and the annual SMRs were also evaluated in the light
of a potential latency period. The levels of air pollu-
tion were extremely high in the 1960s, and they
decreased since 1970. The SMRs for lung cancer in
1989-1993 among females for 6 wards were signifi-
cantly associated with the amounts of both sulfur
oxides and dust fall in the past for each ward. The
positive associations were observed between the
annual SMRs among females and the amounts of
both pollutants when the lag time of 20-30 years was
taken into account. These results suggest that severe
air pollution in the 1960s in an industrial city affected
the subsequent increase in lung cancer mortality.

Key words: Air pollution, Sulfur oxides, Dust fall,
Lung cancer, Standardized mortality ratio

1. INTRODUCTION

In Japan, lung cancer mortality has been consistently
increasing since the 1950s (Marugame and Sobue,
2004). Numerous epidemiological studies have consis-
tently reported smoking as a major risk factor for lung
cancer (Marugame et al., 2005; Doll et al., 1994; Ste-
vens and Moolgavkar, 1984). On the other hand, varius
ecological studies reported that lung cancer mortality
was higher in urban districts than in rural districts
(Nawrot et al., 2007; Iwai et al., 2005; Archer, 1990;

Buffler et al., 1988; Shimizu et al., 1979; Henderson
et al., 1975), and adverse effects of air pollution on
lung cancer have been suggested (Cohen and Pope,
1995).

Recently, a prospective cohort study by the Ameri-
can Cancer Society (Pope et al., 2002) reported that
high concentrations of air pollutants were significantly
associated with the increase in lung cancer mortality.
However, European epidemiological studies have not
shown a clear association between air pollution and
lung cancer (Vineis et al., 2006; Filleul et al., 2005;
Hoek et al., 2002; Barbone et al., 1995). Thus, the
available epidemiologic evidence is discordant, and the
effect of air pollution on lung cancer is not conclusive
(Gallus et al., 2008).

It is generally agreed that the latency period from
exposure to smoking to occurrence of lung cancer is
about 20-30 years (Thun et al., 1997; Doll et al., 1994).
In many industrial cities in Japan and in Western coun-
tries, the levels of air pollutants were considerably
higher in the past several decades (Committee on
Japan’s Experience in the Battle against Air Pollution;
Chairman: Sawa, 1997). If the period from exposure
to air pollution to occurrence of lung cancer is similar
to the period for smoking, we should consider the pos-
sibility that the incidence of lung cancer may increase
even if the levels of air pollution have decreased. How-
ever, most of the previous epidemiological studies
have only compared lung cancer mortality in relation
to different levels of air pollution (Gallus et al., 2008;
Cohen and Pope, 1995). Few studies have evaluated
the long-term transition in lung cancer mortalities in
relation to the change in air pollution levels (Filleul et
al., 2005; Stevens and Moolgavkar, 1984).

Amagasaki is an industrial city located in Western
Japan. The levels of air pollutants, such as sulfur oxi-
des and dust fall, in the city were extremely high from
the later 1950s to the 1960s. Thereafter, various pollu-
tion control measures were taken in the 1970s, and the
levels of both pollutants decreased considerably (Com-
mittee on Japan’s Experience in the Battle against Air
Pollution; Chairman: Sawa, 1997). In the present study,
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the data on air pollution measurements and vital statis-
tics of Amagasaki City were used to evaluate the asso-
ciations between changes in air pollution levels for
several decades and the subsequent transition in lung
cancer mortality.

2. METHODS

Amagasaki City was chosen to evaluate the effects
of air pollution in the past on the transition in lung
cancer mortality, because the levels of air pollution
have changed dramatically during the past several
decades. The city is located in the center of Hanshin
industrial zone in Western Japan and faces Osaka Bay.
Its population is about 460,000 (2008), and its area is
about 49.8 square kilometers. The city is divided mu-
nicipally into 6 wards (Fig. 1). In the southern coastal
district (A, B, and C Wards), many factories, such as
steel mills, power plants, and oil refinery plants, were
located, and the levels of air pollutants exhausted from
the factories used to be extremely high. On the other
hand, the northern district (D, E, and F Wards) was a
residential zone, although there were a few small-scale
factories.

The amounts of sulfur oxides were monitored using
the lead dioxide (PbO2) method at various stations in
the city from 1960 through 1992 (Department of Envi-
ronment, 1961-1993). The average amounts of sulfur
oxides measured at 3-9 stations for each ward were
calculated by year. In addition, the concentrations of
sulfur dioxide have been continuously monitored using
the electrical conductivity method at ambient air mon-
itoring stations in 4 wards since 1969. The average
amounts of sulfur oxides (1960-1969) by the PbO2

method in 4 wards strongly correlated with the con-
centrations of sulfur dioxides by the electrical conduc-
tivity method (1969-1973) in the corresponding wards
(R2==0.989). The amounts of dust fall have been mea-
sured using the deposit gauge method at 1-5 stations
in each ward since 1959 (Department of Environment,
1961-1993). The annual average amounts of dust fall
for each ward were calculated in the same manner as
for sulfur oxides. However, the amounts of dust fall for
every ward were measured only until 1962.

The vital statistics of Amagasaki City for the 24-
year period from 1983 to 2006 (Health and Welfare
Bureau, 1985-2008), which were officially published
by the municipal office, were used to observe lung
cancer mortality [the International Classification of
Diseases, ninth revision (ICD-9): 162 in 1983-1994;
ICD-10: C33-C34 in 1995-2006]. The population and
the number of deaths from lung cancer by ward and
year were calculated using the officially published

data, except for 1999, when the number of deaths by
ward was not published. The standardized mortality
ratio (SMR) was used to estimate lung cancer mortal-
ity by ward and year. Expected deaths in each year and
ward were calculated using a sex- and 5-year age-
specific population and the corresponding national
mortality for lung cancer in each year. The SMRs for
each ward were calculated for four periods (1983-1988,
1989-1993, 1994-1998, and 2000-2006), because the
number of annual deaths for lung cancer is small (aver-
age: 24.6 in males, 9.3 in females). Pearson correlation
coefficients were obtained to evaluate the association
between the SMRs for lung cancer in each period and
the amounts of sulfur oxides and dust fall in the 1960s,
when the levels of air pollution were extremely high. 

In addition, to evaluate the transition in lung cancer
mortality for several decades, the annual SMRs were
calculated from 3-year moving averages of observed
and expected deaths for the whole city, the northern
district, and the southern district. To assess the poten-
tial of a latency period from the time of exposure to
air pollution to the occurrence of lung cancer, a lag
time of 15-30 years was considered, and Pearson cor-
relation coefficients between the annual SMRs and the
annual average amounts of sulfur oxides and dust fall
in the past were calculated.

All statistical analyses were performed using SPSS
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Fig. 1. Locations of the six wards in Amagasaki City, Japan.
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15.0 software (SPSS Inc., Chicago, IL, USA).

3. RESULTS 

The annual average amounts of sulfur oxides and
dust fall in Amagasaki City are shown in Fig. 2. The
amounts of sulfur oxides were high in the 1960s in all
wards, particularly in A, B, and C Wards. The amounts
began to decrease in all wards in about 1970, and no
difference among the wards has been observed since
1980. The amounts of dust fall were also high in the
1960s, but they decreased markedly since 1970. Al-
though the amounts of dust fall were highest in A
Ward through the 1960s, the difference among the
wards was smaller than that for the sulfur oxides.

The crude mortality rates for lung cancer in Amaga-
saki City are shown in Fig. 3 with nationwide data. The
3-year moving averages of the crude mortality rates
are shown for Amagasaki City. The mortality rates
for lung cancer in Japan have consistently increased
among both males and females. The rates in Amaga-
saki City are similar to those in Japan, and they are
higher among both males and females than those in

Japan since 1980.
Table 1 shows the observed numbers of deaths,

SMRs, and their 95% confidence intervals (CIs) for
lung cancer in Amagasaki City, by sex, ward, and peri-
od. The SMRs for the whole city were significantly
higher among both males and females for all periods.
For each ward, the SMRs were higher than 1, except
for those among females in E Ward in 2000-2006, and
most of them were significant among males. The SMRs
among females in 1989-1993 were considerably high-
er for A and B Wards (1.69 [95%CI: 1.23-2.15] and
1.76 [95%CI: 1.32-2.19] respectively).

Fig. 4 shows the correlations between the SMRs for
lung cancer and the amounts of sulfur oxides and dust
fall for each ward in the 1960s, when the levels of air
pollution were extremely high. The amounts of dust
fall were used for 1959-1962, because the amounts for
every ward were obtained only during those years.
Among females in 1989-1993, the correlation coef-
ficients of the SMRs with the amounts of sulfur oxides
(0.929) and dust fall (0.850) were statistically signifi-
cant (Table 2). However, the SMRs in the other periods
were not correlated with the amounts of either sulfur
oxides or dust fall. Among males, no correlations were
observed between the SMRs and the amounts of air
pollutants in any periods.

The transitions in the annual SMRs for lung cancer,
which were calculated from 3-year moving averages
of observed and expected deaths, are shown in Fig. 5.
Among males, the SMRs ranged from 1.19 to 1.52, and
from 1.14 to 1.52 for the southern and northern dis-
tricts, respectively. The SMRs varied in cycles of se-
veral years in both districts. Among females, they
ranged from 1.18 to 1.82, and from 1.04 to 1.37 for
the southern and northern districts, respectively. For
most of the years, the SMRs were higher in the
southern district than in the northern district. In parti-
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Fig. 2. Annual averages of the amounts of sulfur oxides (A)
and dust fall (B) in the six wards in Amagasaki City.
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Fig. 3. Time trend of crude mortality rates due to lung cancer
in Amagasaki City and Japan. The 3-year moving averages of
crude mortality rates are shown for Amagasaki City.



cular, the values in the southern district were markedly
higher in 1989-1995.

The lag time of 15-30 years was considered as the
potential latency period from the time of exposure to
air pollution to the occurrence of lung cancer. Pearson
correlation coefficients between the annual SMRs and
the annual average amounts of sulfur oxides (Table 3)
and dust fall (Table 4) were calculated. Among males,
the SMRs in the whole city were not associated with
the amounts of either sulfur oxides or dust fall after
considering the lag time of 15-30 years. Among males
in the northern district, the SMRs were positively asso-
ciated with the amounts of dust fall for 24- to 26-year
lags. Among females, the SMRs in the whole city
were positively associated with the amounts of sulfur
oxides for 21- to 30-year lags and dust fall for 20- to
23-year and 28- to 30-year lags. In both the southern
and northern districts, most of the associations between
the SMRs and the amounts of air pollutants were pos-
itive after considering a lag time of 15-30 years, and
some of them were statistically significant.

4. DISCUSSION 

The present study showed that lung cancer mortality
increased since 1980 in Amagasaki City, in which the
air pollution levels were extremely high from the later
1950s to the 1960s. After considering the lag time of

20-30 years from the time of exposure to air pollution
to the occurrence of lung cancer, positive associations
were observed between the annual SMRs for lung can-
cer among females and the amounts of both sulfur
oxides and dust fall, especially in the southern district
of the city where the levels of air pollution were mar-
kedly higher.

Some epidemiological studies have suggested an
association between lung cancer and air pollution (Na-
fstad et al., 2003; Nyberg et al., 2000; Jedrychowski
et al., 1990; Shimizu et al., 1979). In the ACS study
(Pope et al., 2002), long-term exposure to fine particu-
late air pollution was reported to be a risk factor for
lung cancer, after adjustment for confounding factors
including smoking. Other cohort studies observed a
slightly increased mortality for lung cancer in com-
munities with high levels of air pollution (Naess et al.,
2007; Laden et al., 2006; Pope et al., 2002; Dockery
et al., 1993), although most of them were not statisti-
cally significant. European epidemiological studies
have not shown a clear association between lung can-
cer and air pollution (Vineis et al., 2006; Filleul et al.,
2005; Hoek et al., 2002; Barbone et al., 1995), but
there have been uncertainties about latency from the
time of exposure to occurrence (Gallus et al., 2008).

Smoking has been confirmed to be the greatest risk
factor for lung cancer (Marugame et al., 2005; Doll et
al., 1994; Stevens and Moolgavkar, 1984). The latency
period from exposure to smoking to occurrence of lung
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Table 1. Observed numbers of deaths and standardized mortality ratios (SMRs) for lung cancer in Amagasaki City.

1983-1988 1989-1993 1994-1998 2000-2006

District Observed SMR (95%CI) Observed SMR (95%CI) Observed SMR (95%CI) Observed SMR (95%CI)deaths deaths deaths deaths

Males
A 108 1.33 (1.08-1.58) 104 1.29 (1.04-1.54) 124 1.38 (1.14-1.62) 186 1.34 (1.14-1.53) 
B 137 1.45 (1.20-1.69) 118 1.22 (1.00-1.44) 154 1.35 (1.14-1.57) 237 1.29 (1.13-1.46) 
C 109 1.40 (1.14-1.67) 100 1.22 (0.98-1.46) 111 1.16 (0.94-1.37) 213 1.42 (1.23-1.61) 
D 111 1.02 (0.83-1.21) 147 1.27 (1.07-1.48) 171 1.23 (1.04-1.41) 278 1.20 (1.06-1.34) 
E 67 1.30 (0.99-1.62) 83 1.39 (1.09-1.69) 109 1.44 (1.17-1.71) 175 1.28 (1.09-1.47) 
F 106 1.48 (1.20-1.76) 104 1.32 (1.07-1.58) 131 1.34 (1.11-1.57) 203 1.20 (1.04-1.37) 

Northern district 284 1.23 (1.08-1.37) 334 1.32 (1.18-1.46) 411 1.31 (1.19-1.44) 656 1.22 (1.13-1.32) 
Southern district 354 1.40 (1.25-1.54) 322 1.24 (1.11-1.38) 389 1.30 (1.17-1.43) 636 1.35 (1.24-1.45) 
Total 638 1.31 (1.21-1.42) 656 1.28 (1.18-1.38) 800 1.31 (1.21-1.40) 1292 1.28 (1.21-1.35) 

Females
A 39 1.27 (0.87-1.67) 51 1.69 (1.23-2.15) 42 1.24 (0.86-1.61) 60 1.15 (0.86-1.44) 
B 48 1.36 (0.97-1.74) 63 1.76 (1.32-2.19) 56 1.31 (0.96-1.65) 103 1.46 (1.18-1.75) 
C 44 1.59 (1.12-2.06) 39 1.37 (0.94-1.80) 49 1.46 (1.05-1.86) 82 1.51 (1.18-1.84) 
D 49 1.27 (0.91-1.62) 51 1.24 (0.90-1.58) 53 1.06 (0.77-1.34) 102 1.19 (0.96-1.42) 
E 25 1.31 (0.80-1.82) 22 1.01 (0.59-1.43) 37 1.30 (0.88-1.72) 45 0.88 (0.63-1.14) 
F 36 1.37 (0.92-1.81) 39 1.34 (0.92-1.76) 55 1.52 (1.12-1.92) 82 1.33 (1.04-1.62) 

Northern district 110 1.31 (1.06-1.55) 112 1.22 (0.99-1.44) 145 1.26 (1.06-1.47) 229 1.16 (1.01-1.30) 
Southern district 131 1.40 (1.16-1.64) 153 1.62 (1.36-1.87) 147 1.33 (1.12-1.55) 245 1.38 (1.21-1.56) 
Total 241 1.36 (1.18-1.53) 265 1.42 (1.25-1.59) 292 1.30 (1.15-1.44) 474 1.26 (1.15-1.38)
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Fig. 4. Correlation between standardized mortality ratios (SMRs) for lung cancer and air pollution. The SMRs for lung cancer and
the amounts of sulfur oxides (1960-1969) or dust fall (1959-1962) are shown.
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cancer is considered to be several decades (Doll et al.,
1994; Stevens and Moolgavkar, 1984). Therefore, we
should consider a similar latency period to estimate the
association between air pollution and lung cancer.
However, most previous epidemiological studies have
compared lung cancer mortality among areas with dif-
ferent levels of air pollution. Only a few studies have
reported the transition in lung cancer mortality in a
certain area in relation to the change in air pollution
levels (Parodi et al., 2005; Archer, 1990; Stevens and
Moolgavkar, 1984). Archer (1990) reported that lung
cancer mortality increased within about 15 years after
an increase in air pollution by a steel mill, and the in-
crease in lung cancer mortality has persisted. In an-
other study, Stevens and Moolgavkar (1984) found
that lung cancer incidence among nonsmoking males
in England and Wales was coincident with substantial
declines in levels of sulfur dioxide and particulate
matter.

In the present study, the data on past air pollution
measurements and vital statistics in a Japanese indus-
trial city were used to estimate the transition in lung
cancer mortality in relation to changes in air pollution
levels. The concentrations of air pollutants in the city
were very high in the 1960s, especially in the southern
district of the city, and the concentrations decreased
markedly since 1970. The SMRs among females were
higher in the southern district than in the northern dis-
trict, and the peak was observed in 1989-1995. The
SMRs were significantly associated with the amounts
of sulfur oxides and dust fall for 20- to 30-year lags. In
addition, the SMRs in 1989-1993 among females for
6 wards were positively correlated with the amounts
of sulfur oxides and dust fall in the past. These find-

ings suggest the possibility that air pollution in the
past affects the subsequent increase of lung cancer
mortality among females. However, this study includes
some major limitations that should be considered.

First, this study was an ecological study that was not
conducted as a cohort study (Cohen and Pope, 1995;
Greenland and Robins, 1994). We could not identify
the population in the past when the level of air pollu-
tion was high, and there should have been considera-
ble migration. However, the SMR of mesothelioma has
been reported to be still high in the district where an
asbestos cement factory had been located in the same
city several decades ago (Kurumatani and Kumagai,
2008). Therefore, many of the current population are
considered to have lived in the city for a long period.

Second, accurate information on the smoking habits
of the subjects was not available (Katsouyanni et al.,
1991; Jedrychowski et al., 1990; Vena, 1982). In the
survey conducted by the municipal office in 2002
(Health and Welfare Bureau, 2003), the prevalence of
current smokers was 43.2% for males and 10.5% for
females, almost equal to the results of the national sur-
vey in 2002 (Ministry of Health, 2004) (43.4% and
10.2%, respectively). In the survey that had been con-
ducted in this area in 1965-1966 (Hitosugi, 1968), the
prevalence of smokers was reported to be 86.8% for
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Table 2. Correlation coefficient between standardized mor-
tality ratios (SMRs) for lung cancer and air pollution in the
past.

Correlation coefficients Correlation coefficients
Period with sulfur oxides with dust fall amounts

r p r p

Males
1983-1988 0.364 0.478 0.184 0.727
1989-1993 -0.617 0.192 -0.442 0.381
1994-1998 0.022 0.967 0.062 0.907
2000-2006 0.568 0.239 0.384 0.452

Females
1983-1988 0.089 0.867 -0.134 0.800
1989-1993 0.929 0.007 0.850 0.032
1994-1998 -0.003 0.995 -0.120 0.821
2000-2006 0.442 0.380 0.255 0.626

Correlation coefficient of the SMRs for lung cancer by sex, ward,
and period with the amounts of sulfur oxides (1960-1969) or dust fall
(1959-1962) are shown.
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(3-year moving averages) for lung cancer.



males and 19.5% for females. The prevalence was also
similar to the contemporary national survey. In addi-
tion, we could obtain information on neither exposure
to environmental tobacco smoke (Hirayama, 1981) nor
occupational exposure to pollutants (Jedrychowski et
al., 1990; Vena, 1982). Since there had been many
factories in the city, many persons might have been
exposed to various pollutants, such as dust or asbes-
tos, which are risk factors for lung cancer (Committee
on Japan’s Experience in the Battle against Air Pollu-
tion; Chairman: Sawa, 1997; Hitosugi, 1968). In the
present study, the association between air pollution and
lung cancer was significant only among females. The
prevalence of smokers and occupational exposure to
dust should be higher among males than among fe-
males, and lung cancer mortality among males is
more than twice that among females. Therefore, we

might not be able to detect any effects of air pollution
on lung cancer mortality among males. This finding is
consistent with the result of a previous study showing
that the association between the level of air pollution
and lung cancer mortality was larger among females
than among males (Naess et al., 2007; Shimizu et al.,
1979). In the previous studies, females were reported
to have a greater risk associated with air pollution
compared to males (Annesi-Maesano et al., 2003).

Third, the levels of air pollution in the past were
evaluated using the amounts of sulfur oxides and dust
fall. Although these amounts had been measured inter-
mittently at various points in the city, they were strong-
ly correlated with the concentrations of pollutants that
were monitored continuously later. In recent years, the
effects of fine particles, including diesel exhaust parti-
cles, on the incidence of lung cancer have become a
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Table 3. Correlation coefficients between standardized mortality ratios (SMRs) for lung cancer and the amounts of sulfur
oxides.

Total Northern district Southern district
Lag years

r p N r p N r p N

Males
15 0.037 0.869 22 -0.305 0.168 22 0.254 0.254 22
16 0.004 0.987 22 -0.342 0.120 22 0.285 0.198 22
17 0.061 0.789 22 -0.273 0.218 22 0.313 0.156 22
18 0.193 0.389 22 -0.199 0.375 22 0.343 0.118 22
19 0.257 0.248 22 -0.090 0.690 22 0.294 0.184 22
20 0.159 0.481 22 -0.072 0.749 22 0.127 0.573 22
21 0.087 0.701 22 0.029 0.898 22 0.000 0.999 22
22 0.073 0.746 22 0.003 0.990 22 -0.032 0.888 22
23 0.184 0.413 22 0.124 0.583 22 -0.021 0.927 22
24 0.224 0.317 22 0.085 0.707 22 -0.050 0.824 22
25 0.259 0.257 21 0.200 0.384 21 -0.130 0.573 21
26 0.187 0.429 20 0.259 0.271 20 -0.229 0.331 20
27 0.146 0.550 19 0.412 0.080 19 -0.277 0.250 19
28 0.020 0.936 18 0.410 0.091 18 -0.309 0.212 18
29 -0.078 0.766 17 0.464 0.061 17 -0.425 0.089 17
30 -0.083 0.759 16 0.470 0.066 16 -0.543 0.030 16

Females
15 0.212 0.343 22 0.490 0.021 22 -0.142 0.530 22
16 0.163 0.469 22 0.508 0.016 22 -0.190 0.396 22
17 0.174 0.439 22 0.474 0.026 22 -0.179 0.426 22
18 0.192 0.393 22 0.364 0.096 22 -0.061 0.788 22
19 0.283 0.202 22 0.253 0.257 22 0.127 0.574 22
20 0.375 0.086 22 0.131 0.561 22 0.371 0.089 22
21 0.513 0.015 22 0.088 0.698 22 0.511 0.015 22
22 0.551 0.008 22 0.096 0.672 22 0.474 0.026 22
23 0.537 0.010 22 0.147 0.514 22 0.358 0.102 22
24 0.491 0.020 22 0.123 0.586 22 0.235 0.292 22
25 0.459 0.036 21 0.137 0.554 21 0.147 0.525 21
26 0.474 0.035 20 0.220 0.352 20 0.147 0.537 20
27 0.516 0.024 19 0.409 0.082 19 0.233 0.336 19
28 0.583 0.011 18 0.589 0.010 18 0.372 0.129 18
29 0.573 0.016 17 0.747 0.001 17 0.490 0.046 17
30 0.509 0.044 16 0.922 0.000 16 0.520 0.039 16

The SMRs for lung cancer and the amounts of sulfur oxides are shown by lag years.



major concern (Nawrot et al., 2007; Laden et al., 2006;
Pope et al., 2002). However, the concentrations of fine
particles were not measured in the 1960s. In the pre-
sent analysis, the amounts of sulfur oxides and dust
fall that had been measured in the 1960s were used as
the indices of air pollution. The concentrations and
constituents of fine particles should be further evaluat-
ed. In Amagasaki City, an asbestos cement factory had
also been located, and the risk of mesothelioma was
reported to be high among residents around the factory
(Kurumatani and Kumagai, 2008). However, it is pre-
sumed that the affected area was limited to about 2 km
from the factory. On the other hand, this study showed
an increased risk of lung cancer mortality in a rather
wide area covering the entire city.

Fourth, we calculated expected deaths using national
data on mortality for lung cancer, which has consistent-

ly increased during the past several decades. The con-
centrations of air pollution were very high in the 1960s
and 1970s not only in Amagasaki City, but also in
other industrial cities in Japan. Therefore, the compari-
son of lung cancer mortality with all Japanese who
died due to lung cancer may lead to underestimation
of the risk of air pollution.

It has been recognized that air pollution is associated
with an increased prevalence of bronchial asthma and
chronic obstructive pulmonary disease (COPD) (Com-
mittee on Japan’s Experience in the Battle against Air
Pollution; Chairman: Sawa, 1997; Imai et al., 1986).
In Yokkaichi, an industrial city with a severe level of
air pollution in the 1960s, as in Amagasaki, the mor-
tality of bronchial asthma and COPD increased as a
result of worsening air pollution. The mortality due to
bronchial asthma decreased promptly in response to
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Table 4. Correlation coefficients between standardized mortality ratios (SMRs) for lung cancer and the amounts of dust fall.

Total Northern district Southern district
Lag years

r p N r p N r p N

Males
15 0.025 0.911 22 -0.390 0.073 22 0.278 0.210 22
16 0.062 0.785 22 -0.361 0.099 22 0.304 0.169 22
17 0.108 0.634 22 -0.305 0.168 22 0.311 0.159 22
18 0.165 0.463 22 -0.210 0.348 22 0.308 0.163 22
19 0.180 0.422 22 -0.136 0.545 22 0.273 0.219 22
20 0.179 0.425 22 -0.040 0.860 22 0.190 0.398 22
21 0.132 0.559 22 0.060 0.791 22 0.084 0.712 22
22 0.150 0.505 22 0.223 0.319 22 -0.002 0.994 22
23 0.155 0.492 22 0.377 0.084 22 -0.113 0.616 22
24 0.250 0.261 22 0.576 0.005 22 -0.231 0.302 22
25 0.274 0.230 21 0.601 0.004 21 -0.336 0.136 21
26 0.262 0.264 20 0.610 0.004 20 -0.428 0.060 20
27 0.019 0.939 19 0.429 0.067 19 -0.531 0.019 19
28 -0.129 0.611 18 0.383 0.117 18 -0.597 0.009 18
29 -0.145 0.579 17 0.304 0.235 17 -0.522 0.032 17
30 0.140 0.606 16 0.371 0.157 16 -0.381 0.145 16

Females
15 0.130 0.563 22 0.496 0.019 22 -0.042 0.852 22
16 0.114 0.614 22 0.522 0.013 22 -0.103 0.648 22
17 0.109 0.631 22 0.475 0.026 22 -0.082 0.717 22
18 0.194 0.386 22 0.421 0.051 22 -0.023 0.920 22
19 0.316 0.152 22 0.319 0.148 22 0.085 0.706 22
20 0.483 0.023 22 0.252 0.258 22 0.225 0.315 22
21 0.587 0.004 22 0.210 0.349 22 0.366 0.094 22
22 0.574 0.005 22 0.278 0.210 22 0.431 0.045 22
23 0.499 0.018 22 0.329 0.135 22 0.448 0.036 22
24 0.392 0.071 22 0.338 0.124 22 0.456 0.033 22
25 0.290 0.202 21 0.317 0.161 21 0.447 0.042 21
26 0.290 0.215 20 0.321 0.167 20 0.440 0.052 20
27 0.387 0.102 19 0.311 0.195 19 0.389 0.100 19
28 0.572 0.013 18 0.259 0.299 18 0.318 0.199 18
29 0.771 0.000 17 0.366 0.148 17 0.150 0.567 17
30 0.847 0.000 16 0.463 0.071 16 -0.050 0.854 16

The SMRs for lung cancer and the amounts of dust fall are shown by lag years.



decreased air pollution, but the mortality due to COPD
decreased with a time lag of 4 or 5 years (Imai et al.,
1986). A recent study (Guo et al., 2008) showed that
mortality and life expectancy in patients with these
diseases were still affected, despite the fact that the
level of air pollution had already improved. In addi-
tion, the present study showed the association between
the level of air pollution and lung cancer after consid-
ering the lag time of 20-30 years, especially in the
southern district of Amagasaki City where the levels
of air pollution were markedly higher. Thus, severe air
pollution might produce prolonged effects on human
health after the level had decreased.

5. CONCLUSIONS 

Past severe air pollution in an industrial city appears
to be related to the subsequent increase in lung cancer
mortality. In many industrial cities, the levels of air
pollution had been high in the past. Since lung cancer
might occur several decades after exposure to risk
factors, the effects of air pollution should be evaluated
over a long period after the levels have decreased.
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