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Abstract

Disposal of large quantities of municipal wastes has become a serious problem in many
cities in Taiwan. There is an increasing trend in using incineration as an alternative way to
solve the problem of waste management. Waste incineration may emit particulate matter,
heavy metals, and incomplete combustion byproducts, and has been one of the main sources
for polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs).
Previous studies have reported significant associations between residence near waste
incinerator and increases in lung cancer incidence and mortality, childhood cancer/leukemia
mortality, and incidence of soft-tissue sarcoma and non-Hodgkin’s lymphoma. Nineteen
large-scale municipal waste incinerators (MWI) are currently functioning in Taiwan, and
there has been substantial local opposition to the construction of waste incinerators because
of concern about the potential health and environmental impact. Moreover, the potential
cancer risk of the exposures on community residents is not well understood. The purpose of
this epidemiological study was to investigate cancer mortality among residents of
communities near four municipal waste incineration plants in Taiwan. The specific aims
were to assess the association between ambient PCDDs/PCDFs and cancer mortality and to
examine the association between exposures to incineration emissions, estimated by
dispersion modeling, and cancer mortality among people living in communities near an
MWI. Data of mortality from cancer was collected from death registry database of the
Department of Health and the Ministry of the Interior. Community residents’ exposures to
incinerator emitted PCDDs/PCDFs were estimated by three methods: distance of residence
from the WMI, the ambient concentrations of PCDDs/PCDFs, and the short term Industrial
Source Complex dispersion models. Standardized mortality ratios (SMR) for specific cancer
and all cancer were calculated for the time window of interest in each of the study areas.
Among the 19 large scale MWIs currently functioning in Taiwan, five have been operating
for more than 10 years. We had measured the ambient air concentrations of PCDDs/PCDFs,
depicted ambient PCDDs/PCDFs isopleths, and conducted air dispersion modeling of
PCDDS/PCDFs emitted by these four MWIs. Comparisons of SMR for various cancers
among exposed and control areas of the four studied MWIs did not showed higher SMR in
exposed areas after three to five years of operation. Nor was there an increasing trend in
SMR for the exposed areas in different time periods after the operation. However, several
limitations inherent in this study need to be considered before any conclusion can be made.
First, using towns or districts as the unit for defining exposed and control areas might have
misclassified the residents’ exposures to PCDDs/PCDFs emitted from incinerator. Second,
this study had an ecologic design and other confounding factors were not adjusted in the
analyses. Third, yearly SMR of specific cancer for the studied areas during the time window
of interest were unstable and the underlying cause of death in the mortality data could have
be misclassified. Lastly, many cancers have long latency period and study of short-term
mortality may not find the association. Further studies with longer period of follow-up for
cancer mortality among exposed and control areas are needed to clarify the effects of
incinerator PCDDs/PCDFs emission on cancer mortality.

Keywords: municipal waste incinerator; PCDDs/PCDFs; environmental exposure; cancer;
mortality; epidemiologic study



Background and Significance

Disposal of large quantities of municipal wastes has become a serious problem in many
cities in Taiwan. There is an increasing trend in using incineration as an alternative way to
solve the problem of waste management. Nineteen large-scale municipal waste incineration
plants are currently operating in Taiwan, with more under construction. Incinerator
emissions are complex, depending on the composition of waste, design of incinerators,
combustion condition, and the downstream pollution control equipment (Oppelt 1987;
Sarofim and Suk 1994). Hazardous or municipal waste incineration may emit hydrogen
chloride, sulfur oxides, particulate matter, nitrogen dioxide, metals, incomplete combustion
byproducts, dioxins and furans (Oppelt 1987; Marty 1993). Waste incineration has been one
of the main sources for polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans (PCDD/Fs) (McGregor et al., 1998). There has been substantial local
opposition to the construction of waste incinerators because of concern about the potential
health and environmental impact.

Epidemiological studies of the potential health effects of waste incineration have been
extensively reviewed by the principal investigator and colleague (Hu and Shy 2001). These
studies had investigated the effects of waste incineration on reproductive health, respiratory
health, and cancer risk. Results of epidemiological studies conducted on residents of
communities with a waste incinerator and focused on cancer risk are described as follows.

Elliott et al. (1992) used the postcoded database of the Small Area Health Statistics
Unit to analyze the incidence of cancers of the larynx and lung near 10 incinerators of waste
solvents and oils. No excess in incidence of laryngeal or lung cancer was found, nor was
there evidence of increasing cancer risk with closer proximity to the incinerators. In a later
study, Elliott et al. (1996) examined cancer incidence of people living within 7.5 km of 72
municipal solid waste incinerators in Great Britain in a two-stage study. The results showed
a statistically significant decline in risk for all cancers, stomach, colorectal, and lung cancer
as distance from incinerators increased. In a case-control study, Biggeri et al. (1996)
investigated the effects of air pollution from four sources (including shipyard, iron foundry,
city center, and an incinerator) on lung cancer deaths. The incinerator was significantly
related to lung cancer (excessive relative risk = 6.7 in the source) after adjusting for age,
smoking habits, exposure to occupational carcinogens, and air particulate levels in the spatial
models. Michelozzi et al. (1998) used the small area techniques to study mortality from
cancer of liver, larynx, lung, kidney, lymphatic, and haematopoietic systems among residents
within 10 km of three major sources (a waste disposal site, a municipal waste incinerator,
and an oil refinery plant) of air pollution. There was no significant decline in cancer
mortality with increased distance from the sources, except for laryngeal cancer in men.

Knox (2000) studied all childhood cancer deaths between 1953-1980 in Great Britain.
Distance of birth and death addresses from 70 municipal waste incinerators, 307 hospital
waste incinerators, and 460 landfills was used to estimate exposures. Childhood
cancer/leukemia showed statistically significant excesses of migrations away from
birthplaces closes to municipal waste incinerators. Viel et al. (2000) investigated incident
cases of soft-tissue sarcoma and non-Hodgkin’s lymphoma in residents of department of
Doubs, France. There was statistically significant spatial cluster of both cancers and
space-time cluster of soft tissue sarcoma around the municipal solid waste incinerator with
high dioxin emissions. To further explore the effect of dioxin emissions from this incinerator
on risk of non-Hodgkin’s lymphoma, Floret et al. (2003) conducted a population-based



case-control study in the same study area. The results showed an odds ratio of 2.3 (95% CI =
1.4-3.8) for people living in area with the highest dioxin concentration compared to those
living in area with lowest dioxin concentration. Comba et al., (2003) examined the
association between incidence of soft tissue sarcoma and residence near an industrial waste
incinerator in Italy using a case-control approach. The odd ratios for residence with 2 km
from the incinerator compared to control area was 31.4 (95% CI = 5.6-176.1), and
2,3,7,8,-tetrachlorodibenzo-p-dioxin (TCDD) was speculated as the cause.

Overall, the studies of health effects of waste incineration among community residents
showed some similar and some inconsistent results. Two studies found no excess in lung
cancer incidence (Elliott et al., 1992), lung cancer deaths (Michelozzi et al., 1998), and
laryngeal cancer incidence (Elliott et al., 1992). Nonetheless, several studies showed
significantly associations between residence near waste incinerator and increases in lung
cancer incidence (Elliott et al., 1996), lung cancer mortality (Biggeri et al., 1996), laryngeal
cancer deaths (Michelozzi et al., 1998), childhood cancer/leukemia mortality (Knox 2000),
soft-tissue sarcoma incidence (Viel et al., 2000; Comba et al., 2003), and non-Hodgkin’s
lymphoma incidence (Viel et al., 2000; Floret et al., 2003). Moreover, dioxin or TCDD have
been hypothesized to play an etiological role (Viel et al., 2000; Floret et al., 2003; Comba et
al., 2003).

Waste incineration has been one of the main sources for polychlorinated
dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) (McGregor et al.,
1998). Many studies have investigated the potential adverse effects of PCDDs/PCDFs on
human health, especially cancer risk. Cohort studies of pesticides/chemical plant workers
found significantly increased risk of total cancer mortality (Flesch-Janys et al, 1998; Vena et
al, 1998). Studies of Operation Ranch Hand veterans did not show significantly elevated all
cancer risk (Michalek et al, 1998; Ketchum et al, 1999). Follow-up studies of Seveso
residents show marginally increased mortality from all cancer and lung cancer and increased
rectal cancer mortality among men and an excess in lymphohemopoietic neoplasms in both
genders 15 years after the accident (Bertazzi et al, 2001). The International Agency for
Research on Cancer has classified TCDD as the Group 1 carcinogen (McGregor et al, 1998).
The National Toxicology Program of the US Department of Human Health Service has
classified TCDD as “known to be human carcinogens” in its Ninth Report on Carcinogens
(US DPHS 2001).

Nineteen and more municipal waste incinerators are going to be or currently
functioning in Taiwan. Waste incineration may emit particulate matter, heavy metals, and
incomplete combustion byproducts, such as PCDDs/PCDFs. People living near waste
incineration plants are exposed to the by-products of waste incineration. Previous studies
have reported significant associations between increased cancer risk and PCDDs/PCDFs
exposure or residence near waste incinerators. However, the potential health effects of
incineration emissions on community residents in Taiwan are not well understood. It is
important to assess the potential cancer risk from exposures to incinerator emissions,
especially dioxin, among the exposed population.

Specific Aims
The purpose of this epidemiological study was to investigate the cancer mortality

among residents of communities near nine municipal waste incineration plants in Taiwan.
The specific aims were (1) to assess the association between ambient PCDDs/PCDFs and



cancer mortality and (2) to examine the association between exposures to incineration
emissions, estimated by dispersion modeling, and cancer mortality among people living in
communities near a waste incinerator.

Methods

Study municipal waste incineration plants

Nineteen large scale (>=600 tons per day) and one smaller (300 tons per day) municipal
waste incineration (MWI) plants are currently operating in Taiwan. During years 2002-2003,
the co-investigator (Dr. Chang-Chien) and colleagues have analyzed ambient air
concentrations of PCDDs/PCDFs in nearby areas for 11 of these MWIs. The longest duration
of operation was12 years and the shortest was 3 years. Considering the long latency period
of cancer, only MWiIs operating longer than 10 years were included in this study.

Various equipments were used in these MWIs to treat flu gas. For example, NH MWI
has been equipped with semi-dry scrubbers, activated carbon injection, and bag filter since
the year of 2000 (wet scrubber and electrostatic precipitator before 2000). PT MWI uses
semi-dry scrubber and bag filter to treat flue gas. MC MWI is equipped with electrostatic
precipitator and wet scrubber. Some of these plants have been remodeled to reduce the
emissions of PCDDs/PCDFs. For example, NH MWI was upgraded during February
1999-March 2001 and MC MWI underwent its PCDD/Fs emission control project between
November 2000 and April 2002.

Study population

All people living in the communities with a MWI or in communities within 10 km from
the MWI were considered as the potentially exposed population. People living in the same
metropolitan area or city/county but at least 10 km away from any MW!I were considered
control population. Since the health outcome data only have information for town/district of
residence, all population of that town/district were included in this study. The population
statistics, including number of people in each 5-year age-sex group in each town/district will
be collected from the Department of Statistics, Ministry of the Interior and local
governments.

Measurement of health outcomes

The main health outcomes include mortality from: all cancer, lung cancer, soft tissue
sarcoma, and non-Hodgkin’s lymphoma in adults and in all age groups and all cancer and
leukemia in children. Coding from the International Classification of Diseases - 9" Revision
(ICD-9) was used to classify major cause of death and cancer, including all cancer (ICD-9
codes140-208), lung cancer (ICD-9 code 162), cancer of respiratory system (ICD-9 codes
162-165), cancer of soft tissue (ICD-9 code 171), cancer of lymphatic and hematopoietic
tissue (ICD-9 codes 200-208), and etc. Cancer of digestive organs and peritoneum (ICD-9
codes 150-159) were the control disease.

The mortality data was collected from the “Causes of Death” Database of the
Department of Health and the “Death Registration” Database of the Ministry of the Interior.
The data contains the following information: ID, sex, permanent address (town, city/county),
marital status, occupation, birthday, date of death, place of death, type of death, cause of
death (ICD code), supplementary classification of external causes of injury and poisoning
(E-code), age, and etc.. Furthermore, many cancers have long latency periods, whereas most



of the MWIs have been operating for only three to five years. Only childhood cancer
mortality was investigated for residents near these MWIs. For each of the studied MWIs, the
time periods of interest were 5 years after operation. Three to five years before operation and
the first five years after operation of the MWI were included as the control periods.

Exposure assessment

Community residents’ exposures to incinerator emissions and PCDDs/PCDFs were
estimated by three methods. Firstly, distance of residence from the WMI was used.
Towns/districts located within 5 km of the MWI were classified as exposed area and those
located at least 10 km from the MWI were classified as the control areas. Secondly, the
ambient concentrations of PCDDs/PCDFs (expressed as of international toxic equivalents)
or specific congeners, which have been measured by the co-investigator (Dr. Chang-Chien)
in recent years for these MWIs, was used to estimate exposures to PCDDs/PCDFs for
residents of the communities near the MWIs. Thirdly, the Short Term Industrial Source
Complex (ISC3ST) dispersion models (US Environmental Protection Agency 1995), which
take into account the meteorological data, source data (characteristics of the incinerator
emissions, such as the location, emission rates, physical stack height, stack gas temperature,
and etc.), and receptor data, was applied to assess the impact of incineration emissions on
surrounding communities for each year. We conducted dispersion modeling for several of
these MWIs and incorporated results from the ISCST3 dispersion modeling with the
geographic information system (GIS) to identify communities with highest and lowest
concentrations of air pollutants from each of the MWiIs.

Date analysis
Data analysis started with management of the mortality data and the population data,

which were collected from the Department of Health and the Ministry of the Interior, for the
exposed towns/districts and control communities identified from the exposure assessment
(by distance, ambient PCDDs/PCDFs concentrations, and dispersion modeling and GIS)
mentioned above. For each of the MWIs that have been operating for more than 10 years, the
time periods of interest were 5 years after operation. Three years before operation and the
first three years of operation of the MW!I were included as the control periods. Standardized
mortality ratio (SMR) was calculated for the exposed and control areas, respectively, for the
time window of interest. The mid-year population and the cause-specific mortality rates for
each age categories of Taiwan in 1981 were used as the standard for adjustment. The SAS
version 8.2 software (SAS Institute Inc., NC, USA) was applied for the data analyses.

Results

Among the 19 large scale MWIs currently functioning in Taiwan, five have been
operating for more than 10 years. We have measured the ambient air (and soil and plant)
concentrations of PCDDs/PCDFs for four of these MWIS during the past years. Ambient
PCDDs/PCDFs isopleths were depicted for areas surrounding these four MWIs using
ArcView software (ESRI, CA, USA). Furthermore, the ISC3ST model was applied to
estimate air dispersion of PCDDS/PCDFs emitted by these four MWIS.

The exposed towns/districts and the control towns/districts were identified by their
distance from the incineration plant and/or based on the results of ISC3ST modeling. For
example, five towns/districts within five kilometers of TCMW!I and most affected by the
emissions of TCMW!I were considered as the exposed areas. Two control groups were
identified taking into account the population density, distance from the incinerator, and



results of ISC3ST modeling. Control-1 group consisted of towns/districts located 10
kilometers away from TCMW!I and were not significantly down wind from the incinerator.
Control-2 groups consisted of towns/districts located within 5-10 kilometers from the
incinerator.

Observed death counts in the exposed and control towns/districts in the specified time
window were calculated for all cancer, cancer (ICD-9 code 140-208), of respiratory and
intrathoracic organs(ICD-9 code 160-165), lung cancer (ICD-9 code 162), cancer of bone,
connective tissue, skin, and breast (ICD-9 code 170-176), cancer of lymphatic and
hematopoietic tissue (ICD-9 code) in all age groups and for all cancer and cancer of
lymphatic and hematopoietic tissue in children aged 14 and under. SMR were then
calculated and compared among these studied areas. The yearly SMR for subjects aged 14
and under were unstable in these towns/districts, so were the three-year SMR in this age
group. Therefore, we did not further compare the SMR among exposed and control areas for
subjects under 15 years old.

Comparisons of SMR for various cancers among exposed and control areas of the four
studied MWIs did not showed higher SMR in exposed areas after three to five years of
operation. Nor was there an increasing trend in SMR for the exposed areas in different time
periods after the operation. Figure 1 presents the SMR of TCMW!I exposed and control areas
during the three time periods. The SMR for all cancer appeared to be lower in the exposed
towns/districts than in the control-1 and control-2 areas. For the control areas, SMR for all
cancer did not increased 5 years after operation of the incinerator. As for respiratory cancer,
SMRs were higher in the exposed areas than that in the control-1 area before operation, but
they appeared to be lower in the exposed areas than in the control areas 5 years after
operation.

Discussion

This study investigated the associations between exposures to incinerator emissions of
PCDDs/PCDFs and cancer mortality among people living in communities near a waste
incinerator in Taiwan. ISC3ST dispersion modeling and distance was used to identify
towns/districts most likely to be exposed to each of the four MWIs operating for more than
10 years, while areas within 5-10 or >=10 kilometers from each of the MWIs were chosen as
controls. Standardized mortality ratio was calculated for the all cancer and specific cancer
for the exposed and control areas during the time period before and after operation of each
MWI. The results showed that SMR for all and/or specific cancer was not higher in the
exposed communities than in the control areas. Moreover, there was no increasing trend in
cancer mortality for the exposed areas after five-year operation of the MWiIs.

Several limitations inherent in this study need to be considered before any conclusion
can be made. Firstly, using towns or districts as the unit for defining exposed and control
areas might have misclassified the residents’ exposures to PCDDs/PCDFs emitted from
incinerator. Results from the ISC3ST dispersion modeling and ambient PCDDs/PCDFs
isopleths showed that the exposures varied for different locations inside a town or district.
However, the mortality data only contained the information of towns or districts for the
subjects’ residencies and did not provide information for more detailed address. Therefore,
this study was not able to assess the effects of dioxins on cancer mortality of specific
location of each towns or districts. Secondly, this study had an ecologic design and other
confounding factors (except age and sex) were not adjusted in the analyses. The observed



exposure-outcome association could have been biased. However, if distributions of potential
confounders among residents of each towns/districts were not associated with their

exposures to incinerator emissions, these factors would not confound the association. Thirdly,
yearly SMR of specific cancer for the studied areas during the time window of interest were
unstable and the underlying cause of death in the mortality data could have be misclassified.
Lastly, many cancers have long latency period and longer period of follow-up for cancer
mortality among exposed and control areas are needed to clarify the effects of incinerator
PCDDs/PCDFs emission on cancer mortality.

More incinerators are going to be functioning in Taiwan and more community residents
will be exposed to the by-products, including PCDDs/PCDFs, of waste incineration. It is
important to assess the potential health risk of incinerator emissions among people living
near the incinerators. Further studies are needed to investigate the long-term effects of these
incinerators.
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Figure 1. Standardized mortality ratios for all cancer and respiratory cancer in the exposed
and control areas of TC MWI.
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