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Health effects of exposure to waste incinerator emissions:
a review of epidemiological studies
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Summary. - This review evaluates the epidemiological literature on health effects in relation to
incineration facilities. Several adverse health effects have been reported. Significant exposure-disease
associations are reported by two thirds of the papers focusing on cancer (lung and larynx cancer, non-
Hodgkin’s lymphoma). Positive associations were found for congenital malformations and residence near
incinerators. Exposure to PCB and heavy metals were associated with several health outcomes and in
particular with reduction of thyroid hormones. Findings on non-carcinogen pathologies are inconclusive.
Effect of biases and confounding factors must be considered in the explanation of findings. Methodological
problems and insufficient exposure information generate difficulties on study results. Research needs include
a better definition of exposure in qualitative and quantitative terms in particular by developing the use of
biomarkers and by implementing environmental measurements.
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Riassunto (Effetti sulla salute di esposizioni a inceneritori di rifiuti: rassegna di studi epidemiologici). -
Viene presentata una rassegna della letteratura epidemiologica in tema di salute e inceneritori. Alcuni studi
riferiscono effetti avversi sulla salute umana, in particolare per tumori (polmone, laringe, linfoma non-
Hodgkin), altri hanno evidenziato eccessi di malformazioni congenite in aree con impianti. Esposizioni a PCB
e metalli pesanti sono state associate ad alcune patologie, soprattutto riduzione degli ormoni tiroidei. I risultati
riguardanti patologie non tumorali sono maggiormente inconsistenti. Fattori di distorsione e confondimento
possono avere una rilevante influenza sulle associazioni identificate. Natura e complessita delle esposizioni,
dimensioni delle popolazioni indagate, difficile definizione del profilo socio-economico, elevata variabilita di
patologie e sintomi studiati, sono trattati in rassegna. Una nuova generazione di studi epidemiologici necessita
di una migliore definizione dell’esposizione in termini qualitativi e quantitativi, in particolare mediante una
evoluzione delle misurazioni ambientali e lo sviluppo dell’uso di bio-marcatori individuali di esposizione.

Parole chiave: inceneritori, effetti sulla salute, esposizione ambientale, epidemiologia, rassegna di studi.

Introduction

Although landfills are still widely used in Europe
for the disposal of wastes, there is a rapid increase in
the use of incineration instead of landfilling for the
disposal of solid waste. Incinerators are known to
release numerous toxic chemicals into the atmosphere
and to produce ashes and other solid waste residues.

Adverse health effects associated with mass burn
incineration are of great concern as large population
groups and workers may be exposed to derived toxic
substances. Many of these chemicals are known to be
persistent, bioaccumulative, carcinogenic or endocrine
disruptors [1].

Several studies have demonstrated that old but also
new incinerators can contribute to the contamination of
local soil and vegetation by organic and inorganic
compounds present in variable quantities in fly ash and
flue gases released from the plants. Similarly, in
several European countries, cow’s milk from farms
located close to incinerators has been found to contain
elevated levels of dioxins, in some cases above
regulatory limits [2, 3].

Populations living near incinerators - alike those
living near landfill sites - are potentially exposed to
chemicals by way of inhalation of contaminated air,
consumption of contaminated foods, water or dermal
contact with contaminated soil [1, 4, 5]. People can
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also be occupationally exposed to chemicals emitted
from incinerators. Occupational exposure is generally
of higher intensity and duration compared with
environmental exposures; quantitative levels of
compounds can be more easily ascertained and
defined. Extrapolation of results from occupational
studies to the general population needs care since
workers differ from the general population in terms of
age, sex, lifestyle, and are also self selected to be
relatively healthy (healthy worker effect) [1]. Several
epidemiological and experimental studies were
conducted to evaluate adverse effects in populations or
workers exposed to the emission of incinerators.
Health effects that have been reported to be associated
with environmental exposure to incinerator emissions
include increased risk of a range of cancers (especially
lung and larynx cancer, leukemia, lymphoma, soft
tissue sarcoma), respiratory symptoms and congenital
malformations. Some studies have also revealed a
higher incidence of multiple births, abnormal sex ratio
of newborns and changes in blood levels of some
thyroid hormones.

Chemical emissions

Incinerators are typically fed with mixed waste
containing hazardous substances such as heavy metals
and chlorinated organic chemicals. These substances
can assume other forms during incineration that are
likely to be more toxic than the original compounds.
The range of metals emitted from the plants includes
cadmium, thallium, lead, arsenic, antimony,
chromium, cobalt, copper, manganese, nickel and
mercury. Information on effects of environmental
exposure to metals is very limited; also occupational
surveys are not able to attribute particular effects to a
single metal since workers have often been exposed to
a range of heavy metals. Metal exposure is therefore
associated with a range of adverse health effects
concerning all body systems. In particular most heavy
metals have been reported to be associated with kidney
disease, respiratory diseases, cardiovascular damage,
blood effects, and neurotoxicity [1]. Some are classi-
fied as proven or suspected carcinogens (Table 1).
Some others are associated with particular health
effects: lead acts as a modifier of children’s cognitive
and behavioural development, long term exposure to
cadmium is likely to be responsible for disturbances in
calcium metabolism and osteoporosis.

Airborne particles, nitrogen dioxide, sulphur
dioxide and carbon monoxide are among pollutants
emitted from incinerators. PM,, is generally
considered as the most important component of urban
air pollution and epidemiological studies have shown
that long-term exposure to airborne particles is
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associated with increased risks of developing bron-
chitis [6, 7] and some loss of life expectancy [8, 9].
Furthermore particle traps used to reduce particle
emission from incinerators cannot avoid emission of
ultra-fine particles. However, it has been suggested
that the ultra-fine component of vehicle emissions is
more harmful as it carries a range of metals and toxic
organic compounds as well.

The oxides of nitrogen and sulphur dioxide are
associated with respiratory short-term effects
especially in individuals with a particular suscepti-
bility. NO, and SO, emissions will contribute
respectively to the formation of ozone and acid

aerosols. o )
Carbon monoxide is likely to increase the onset of

heart disease.

Polyaromatic hydrocarbons (PAHs), released
during the incomplete combustion or pyrolisis of
organic matter, may have oestrogenic properties [10]
and are reported in association with ischemic heart
disease [11] and cancer, in particular cancer of lung
[12] and bladder [13, 14].

Polycyclic aromatics (PCA) have been reported to
be mutagenic and mutagenicity was found to be
inversely proportional to the degree of completeness of
refuse combustion [15].

Poorly controlled combustion processes can entail
the production of dioxins, another class of compounds
that include two families of chemicals, polychlorinated
dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs). These groups consist
respectively of 75 and 135 cogeners that determine
toxic effects on human health with different grades of
severity.

Excluding occupational exposure, diet is the main
route of dioxin contamination by accumulation along
the food chain; newborns in particular are exposed
through breast-feeding.

Epidemiological studies on health effects

The aim of the present paper is to present a review
of the major epidemiological studies published from
1987 to 2003 on health effects in populations living in
the neighbourhood of waste incinerators. Forty-six
papers were considered: 32 concerning health effects
on populations residing near incinerators, 11 on
occupational exposure, 2 on environment and
occupation and 1 was included as its environmental
survey was designed to evaluate the relationship
between a high cancer death rate and environmental
concentration of dioxin analogues near an incinerator
in Japan. To enrich evidence on association between
some diseases and exposure to compounds emitted by
incinerators, papers on occupational exposure were
also included in this review (Table 2) although the
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Table 1. - Carcinogenic effects of chemicals according to the IARC evaluation
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Ref. Chemical Chemical group Degree of evidence Evaluation Carcinogenic
in humans (IARC) effects

[51] Arsenic Metals Sulfficient / carcinogenic 1 Skin, lung, liver,
bladder, kidney, colon

[52] Beryllium Metals Sufficient /carcinogenic 1 Lung

[52] Cadmium Heavy metals Sulfficient /carcinogenic 1 Lung, prostate

[53] Chromium (V1) Metals Sufficient /carcinogenic 1 Lung

[53] Nickel Heavy metals Sufficient / carcinogenic 1 Lung

[52] Mercury Heavy metals Inadequate 2B Lung, pancreatic,
colon, prostate,
brain, kidney

[51] Lead Heavy metals Inadequate 2B Lung, bladder, kidney,
digestive system

[51] Benzene Polycyclic aromatics Sufficient / carcinogenic 1 Leukemia

[51] Carbon tetrachloride Chlorinated Inadequate 2B Liver, lung, leukemia

hydrocarbons

[54 Chloroform Polycyclic aromatics Inadequate 2B Bladder, kidney,
brain, lymphoma

[55] Chlorophenols 55 Chlorinated aromatics Inadequate 2B Soft-tissue sarcoma,
Hodgkin’s and non
Hodgkin’s lymphoma

[56] Trichloroethylene Chlorinated solvent Limited 2A Liver, non Hodgkin’s
lymphoma

[57] Dibenzo-para-dioxin Dioxins No adequate data 3 All cancer

Polychlorinated Dioxins No adequate data 3 All cancer
[57] Dibenzo-para dioxins
[57] Polychlorinated Dioxins Inadequate 3 All cancer

dibenzofurans

intensity of exposure of workers differs from that of
the general population (Table 3).

Most of the reviewed epidemiological studies were
found through a systematic search using MEDLINE
and several combinations of relevant key words
(epidemiology, incineration, incinerator/s, waste
incinerator). In addition, articles were traced through
references in relevant papers and publications of the
UK Institute for Environment and Health, the US
National Academy of Sciences, and Greenpeace.

Papers have been grouped according to the
following criteria: study design, pathways of exposure,
type of significance of association between exposure
and disease, and health outcomes. One risk assessment
study is presented for its importance as it anticipates
long-term putative consequences.

Follow-up study designs (a category in which
before/after, perspective and retrospective cohort
studies were included) are the most commonly used to
evaluate association between environmental or
occupational exposure to incineration and health
effects. Some of the studies had methodological
purposes and were therefore carried out to develop

new techniques of statistical analysis or toxicological
models of pollutant’s intake. Investigations of single
incineration sites are less frequent than those
concerning multisites. Other studies focus on multiple
sources of exposure but in this case effects of each
single source are not recognized. The majority of the
studies, particularly those on cancer, refer to old rather
than modern incinerators. A wide range of effects on
health were analysed including cancer, reproductive
outcomes, respiratory effects and body tissue
concentration of toxic compounds examined by using
biomarkers of internal exposure especially in
association with occupational exposure. The exposure
assessment has been mainly based on surrogate
measures such as residence in an area close to an
incineration site or working at the plants.

Results on environmental exposure
Significant exposure-disease associations are

reported by two thirds of the findings concerning
cancer (mortality, incidence or prevalence). Results on
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association between lung cancer and exposure to
incinerators or exposure to multiple sources including
incinerators are mainly positive. Some studies show
statistical significance [16-18] while in other studies
no statistical significance emerges after adjustment for
deprivation or distance from the source of exposure
[19, 20].

Two studies reported a significant association
between non-Hodgkin’s lymphoma and environmental
exposure to incinerators located in UK and France [18,
21, 22] and a significant increase in risk of soft tissue
sarcomas was found in France [21] and in Italy [23] in
association with residence close to waste incinerators.

A UK study pointed out a small increased risk of
liver cancer associated with living within 1 km of an
incinerator [18] also after adjustment for deprivation.
As possible misdiagnosis of primary liver cancer could
have affected results of this study, the same author
conducted a further study to evaluate the proportion of
true primary liver cancer after histopathological
review. This second study found a proportion of 55 -
82% of true primary liver cancer and gave revised
estimates of between 0.53 and 0.78 excess cases per
105 per year within 1 km. [24] Elliott et al. [18] also
reported a significant association between exposure
and stomach, colorectal and bladder cancer by using
the Stone’s test.

An Italian small area analysis of mortality among
residents near multiple sources of combustion products
did not indicate any clear association between liver
cancer mortality rates and distance from sources of
exposure [20] but highlighted an increase - though not
significant - of cancer of the larynx in males as
distance from the plants decreased and a significant
excess of mortality for kidney cancer in females
between 3 and 8 km from the exposure sources. A
previous study conducted in the UK concluded that the
apparent cluster of cases of cancer of the larynx
reported near one waste oil incinerator was not
associated with this plant [19].

Studies on childhood cancer and industrial
emissions did not show a clear relationship between
health effects among children and incinerator
emissions even if some results were statistically
significant.

Two studies were carried out to compare - among
other objectives - statistical methods of geographical
analysis to put emphasis on the effects of residing in
proximity to several industrial sources [25, 26]. The
risk seems to be greater for children who were born or
lived near incinerators though it is very difficult to
discriminate between the effects of the plants and those
of other sources of industrial pollution.

Studies on biological monitoring of blood, urine,
and milk samples assess the internal dose of exposure
(biomarkers of exposure) or the biological response to
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exposure (biomarkers of early effect) to substances
that are likely to be mutagenic, carcinogenic or
teratogenic when metabolised by the body tissues. This
approach takes into account inter-individual
differences in absorption, distribution and excretion of
xenobiotic compounds giving measures of exposure
which are likely to be more directly associated with
possible adverse health effects [1, 27]. A German study
reported elevated levels of PCBs in blood samples
from children living near an hazardous waste
incinerator [28] while three other studies did not find
increased levels of dioxins in body tissues of residents
near the plants [29-31]. Elevated but not statistically
significant levels of mercury and thioethers were found
in hair of people residing in the vicinity of an
incinerator in Finland [32] and in urine samples from
children living near a modern plant in Spain [33].
Exposure to PCB and heavy metals was also associated
with reduction of thyroid hormones and the
consequent delay in neurologic and sexual
development. A German study carried out on blood
samples from children exposed to industrial pollution
reported small but significant changes in thyroid
hormones [34] and a Belgian study [35] found that
children living near waste incinerators reached sexual
maturity at a later age.

Straight evidence was not provided on the
association between residence near incinerators and
non-carcinogenic outcomes i.e. chronic or acute
respiratory effects in children and adults [36-39].

Most of the studies on congenital malformations
were conducted around landfill sites though some of
them included incinerators in the study area. On the
whole, results of both landfill and incinerator studies
found significantly raised risk and increased incidence
of birth defects [5, 40, 41]. Positive associations were
also found between residence near an incinerator and
an increased probability of multiple births [10, 42] or a
higher proportion of female births [43].

Discussion

The aim of the present review is to highlight some
crucial points that should be taken into account in the
design of surveys to be conducted to evaluate effects of
waste incinerators on health.

Most of the epidemiological studies on
environmental contamination confirm difficulties in
defining unequivocally levels of exposure to which
individuals are exposed. This mainly depends on lack
of information on waste feed, type of chemicals
emitted and off-site migration routes from incineration
sites.

Technical features of the emission source (stack
chimney height and diameter, pollution control
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equipment, fly and bottom ashes map, different kinds
of toxic materials released, age of the plant) represent
important variables to be considered.

Also location of the plants may influence study
results: generally incineration facilities are situated
within industrial areas near other kinds of plants and
very often close to landfill sites used for waste deposit
or for parallel activities of waste disposal. Therefore it
is complicated to ascertain the extent to which
incinerator emissions contribute to adverse health
effects with respect to other sources of pollution.
Consequently it is hard to define indicators of exposure
relevant to the nature and levels of contamination.
Residence, in particular, is commonly used as a proxy
of the exposure though in many cases is likely to
introduce misclassification problems if not supported
by accurate environmental measures [1, 23, 44, 45]. In
addition, residence intended as residence near or
distance from a source of contamination leads, in both
cases, to a non-comparability problem among studies
as residence can only be evaluated within each specific
study which is based on the local topography and
prevailing winds. Moreover, people living in the
vicinity of more than one incinerator are likely to be
exposed to higher doses of chemicals. As an
appropriate model on how exposure lessens with
distance is not always available, simple algorithms
such as distance from the nearest site [1, 40] or
distance from the major source - both in terms of size
and importance - are used [1, 46].

The exposure model needed may vary depending
on the health outcome considered. For congenital
anomalies peak exposures in short time windows of
fetal development may matter while, for cancer,
average exposures over long time periods may be more
relevant. To improve measurement of exposure,
duration of residence could prove useful, if relevant. In
general, surrogate exposure measures are likely to lead
to misclassification of exposure, which if non
differential, may dilute true effects in these
investigations [44, 47].

The use of biomarkers, biological monitors of
internal dose, allows a better definition of individual
exposure, but still presents some limitations. The
monitoring of biomarkers of exposure is currently
difficult and costly and can generally measure only
a limited number of chemicals that have been pre-
viously indicated by environmental monitoring data
[1, 27].

Population-based studies on the effects of
incinerators are affected not only by incomplete or
inaccurate exposure data, but are also characterized by
low-level exposure over long periods of time. This
determines a small increase in relative risk that is
difficult to detect. Moreover, the long latency period
between exposure and diagnosis of the chronic disease

Michela FRANCHINI, Michela RIAL, Eva BUIATTI et al.

may lead to misclassification of exposure as people
investigated may have migrated into or out of the
exposed area during the latency period [25, 26].

Another important problem in studies on
environmental exposure is that the size of populations
living near the plants is generally small [23]. This can
considerably limit their statistical power and the
likelihood of detecting any moderate increase of the
risk especially when the outcome is a rare disease.
Single-incinerator studies, generally conducted in
response to community concerns, are those most
affected by the problem of small population size and
by the lack of a specific a priori disease hypothesis.
The latter is also a multi-incinerator study problem.
Multi-incinerator studies mainly investigate rare
diseases such as cancer and reproductive outcomes
and generally include a large number of subjects
who increase statistical power. However, results
obtained by this kind of studies do not provide
specific information on the risk level of each single
site.

Choice among study designs is tightly linked to the
availability of information on exposure, outcomes and
other factors likely to be determinant for the
relationship between exposure and disease. Studies
based on data routinely collected are often limited by
the lack of information about possible confounders or
effect modifiers (smoking, diet, education, occupation,
socioeconomic status and residential history).

The variation pattern of socioeconomic profile with
distance from sources of pollution is still unclear.
Though some studies show that the relationship
between health outcomes and residence near landfills
or incinerators is not significant after adjusting for
sociodemographic factors findings of other studies
may vary after adjustment.

On the other hand, questionnaire surveys may be
affected by low response rates and possible recall bias
since people who perceive themselves as exposed may
report more symptoms and be the ones who return the
questionnaire [48-50].

Differences in study designs and high variability of
health outcomes - very often aspecific and grouped
into categories having different etiopathogenesis - both
limit comparability among results of environmental
studies. The recent use of biomarkers measuring
biological responses such as chromosomal and
molecular changes give epidemiological studies a
greater statistical power. However, interpretation of
these effect biomarkers is still unclear and it is still
difficult to correlate specific diseases to incinerator
exposure, which is the primary interest of people living
in the vicinity of waste sites.

Finally it has to be noted that often grey data is not
published in the literature and therefore findings of
published studies may be incomplete.
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Conclusions

The majority of the studies concern old plants often
in association with other sources of pollution. Despite
chemical emissions of modern incinerators are more
limited, toxic substances are still released in the
atmosphere as well as in other residues such as fly ash
and bottom ash. Often the lack of comparability among
study results make findings on health effects of
incinerators inconsistent though some significant
results were found. In addition, in most studies health
effects that have been associated with incinerators can
not be tied down to a particular pollutant and therefore
no causal role can be established.

Analysis by specific cause, notwithstanding the
poor evidence for each disease, has found nevertheless
significant results for lung cancer, non-Hodgkin
lymphoma, soft tissue sarcomas and childhood
cancers. On the other hand studies on cancer of the
larynx and liver found contradictory results.

Findings on non-carcinogen pathologies are
inconclusive, in particular for acute and chronic
respiratory disease.

Some results point out a relationship between
exposure to incinerators and congenital malformations
but the lack of statistical consistency makes it difficult
to conclude if the association is causal or not.

Results of biomonitoring of internal exposure seem
to confirm that accumulation of substances
investigated in biological tissues is likely to trigger a
neoplastic process.

Further research into the potential environmental
and health risks of incinerators in particular by a more
accurate characterization of individual exposure
together with an improved knowledge of chemical and
toxicological data on specific compounds or more
complex interactions between chemicals could
improve our current understanding. More multisite
studies on large populations, to increase statistical
power, are needed to draw conclusions on general
risks.

Acknowledgments

We wish to gratefully acknowledge the MEDLINE search of
papers of Nunzia Linzalone and Rita Maffei. We are also indebted to
Rodolfo Saracci (IARC - Lyon) and Pietro Comba (ISS - Rome) for
helpful comments and suggestions.

Received on 4 September 2003.
Accepted on 22 December 2003.

REFERENCES

1. Johnson BL. Impact of hazardous waste on human health. US:
CRC Press; 1999.

18.

113

Ramos L, Eljarrat E, Hernandez LM, Alonso L, Rivera J,
Gonzales MJ. Levels of PCDDs in farm cow’s milk located near
potential contaminant sources in Asturias (Spain). Comparison
with levels found in control, rural farms and commercial
pasteurized cow’s milks. Chemosphere 1997;35:2167-79.

Mukerjee D. Health impact of polychlorinated dibenzo-
pdioxins: a critical review. J Air Waste Manag Assoc
1998;48:157-65.

Allsopp M, Costner P, Johnston P. Incineration and human
health. State of knowledge of the impact of waste incinerators
on human health - Executive summary. Environ Sci & Pollut
Res 2001;8:141-5.

Vrijheid M. Health effects of residence near hazardous waste
landfill sites: a review of epidemiologic literature. Environ
Health Perspect 2000;108(Suppl 1):101-12.

Goren A, Hellmann S, Gabbay Y, Brenner S. Respiratory
problems associated with exposure to airborne particles in the
community. Arch Environ Health 1999;54(3):165-71.

Mathieu-Nolf M. Poison in the air: a cause of chronic disease in
children. J Toxicol Clin Toxicol 2002;40:483-91.

Schwartz J, Marcus A. Mortality and air pollution in London: a
time series analysis. Am J of Epidem 1990;131:185-94.

Samet JM, Dominici F, Curriero FC, Coursac I, Zeger SL. Fine
particulate air pollution and mortality in 20 U.S. cities, 1987-
1994. N Engl J Med 2000;343:1742-49.

. Lloyd OL, Lloyd MM, Williams FLR, Lawson A. Twinning in

human populations and in cattle exposed to air pollution from
incinerators. Br J Ind Med 1988;45:556-60.

. Gustavsson P. Mortality among workers at municipal waste

incinerator. Am J Ind Med 1989;15:245-53.

. Doll R, Vessey P, Beasley RWR, Buckley AR, Fear EC, Fisher

REW, Gammon EJ, Gunn W, Huges GO, Lee K, Norman-Smith
B. Mortality of gasworkers-Final report of a prospective study.
Br J Ind Med 1972;29:394-406.

. Gustavsson P, Gustavsson A, Hogstedt C. Excess mortality

among Swedish chimney sweeps. Br J Ind Med 1987;44:738-
43.

. Gustavsson P, Gustavsson A, Hogstedt C. Cancer excess in

Swedish chimney sweeps. Br J Ind Med 1987;45:777-81.

. Phillipson CE, Ioannides C. Metabolic activation of polycyclic

aromatic hydrocarbons to mutagens in the Ames test by various
animal species including man. Mutat Res 1989;211:147-51.

. Barbone F, Bovenzi M, Biggeri A, Lagazio C, Cavallieri F,

Stanta G. Comparison of epidemiologic methods in a case-
control study of lung cancer and air pollution in Trieste, Italy.
Epidemiol Prev 1995;19:193-205.

. Biggeri A, Barbone F, Lagazio C, Bovenzi M, Stanta G. Air

Pollution and lung cancer in Trieste, Italy: spatial analysis of
risk as a function of distance from sources. Environ Health
Perspect 1996;104:750-54.

Elliott P, Shaddick G, Kleinschimidt I, Jolley D, Walls P,
Beresford J, Grundy C. Cancer incidence near municipal solid
waste incinerators in Great Britain. Br J Cancer 1996;73:702-
10.



114

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Elliot P, Hills M, Beresford J, Kleinschimidt I, Jolley D,
Pattenden S, Rodrigues L, Westlake A, Rose G. Incidence of
cancers of the larynx and lung near incinerators of waste
solvents and oils in Great Britain. The Lancet 1992;339:854-58.

Michelozzi P, Fusco D, Forastiere F, Ancona C, Dell’Orco V,
Perucci CA. Small area study of mortality among people living
near multiple sources of air pollution. Occup Environ Med
1998;55:611-15.

Viel JF, Arveux P, Baverel J, Cahn JY. Soft-tissue sarcoma and
Non-Hodgkin's lymphoma clusters around a municipal waste
incinerator with high dioxin emission levels. Am J Epid
2000;152:13-9.

Floret N, Mauny F, Challier B, Arveux P, Cahn JY and Viel JF.
Dioxin emissions from a solid waste incinerator and risk of non-
Hodgkin lymphoma. Epidemiology 2003;14(4):392-98.

Comba P, Ascoli V, Belli S, Benedetti M, Gatti L, Ricci P, Tieghi
A. Risk of soft tissue sarcomas and residence in the
neighbourhood of an incinerator of industrial wastes. Occup
Environ Med 2003;60:1-4.

Elliott P, Eaton N, Shaddick G, Carter R. Cancer incidence near
municipal waste incinerators in Great Britain Part 2: histopatho-
logical and case-note review of primary liver cancer cases. Br J
Cancer 2000;82(5):1103-6.

Knox EG and Gilman EA. Migration patterns of children with
cancer in Britain. J Epidemiol Community Health 1998;52:716-
26.

Knox EG. Childhood cancers, birthplaces, incinerators and
landfill sites. Int J Epid 2000;29:391-97.

Hulka BS, Wilcosky TC, Griffith JD. Biological markers in
Epidemiology. New York: Oxford University Press; 1990.

Holdke B, Karmaus W, Kruse H. Burden of polychlorinated
biphenyl compounds in whole blood of 7-10-year-old children
in the area of a hazardous waste incineration facility. Gesund-
heitswesen 1998;60:505-12.

Deml E, Mangelsdorf I, Greim H. Chlorinated dibenzodioxins
and dibenzofurans (PCDD/F) in blood and human milk of non
occupationally exposed persons living in the vicinity of a
municipal waste incinerator. Chemosphere 1996;33(10):1941-
50.

Evans RG, Shadel BN, Roberts DW, Clardy S, Jordan-Izaguirre
D, Patterson DG, et al. Dioxin incinerator emissions exposure
study Times Beach, Missouri. Chemosphere 2000;40:1063-74.

Gonzales CA, Kogevinas M, Gadea E, Huici A, Bosch A, Bleda
MJ, Papke O. Biomonitoring study of people living near or
working at a municipal solid-waste incinerator before and after
two years of operation. Arch Environ Health 2000:55:259-67.

Kurttio P, Pekkanen J, Alfthan G, Paunio M, Jaakkola JJK,
Heinonen OP. Increased mercury exposure in inhabitants living
in the vicinity of a hazardous waste incinerator: A 10-year
follow-up. Arch Environ Health 1998;53:129-37.

Ardevol E, Minguillon C, Garcia G, Serra ME, Gonzales CA,
Alvarez L, Eritja R, Lafuente A. Environmental tobacco smoke
interference in the assessment of the health impact of a
municipal waste incinerator on children through urinary
thioether assay. Public Health 1999;113:295-98.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Michela FRANCHINI, Michela RIAL, Eva BUIATTI et al.

Osius N, Karmaus W. Exposure to Polychlorynated Biphenyls
and levels of thyroid Hormones in Children. Environ Health
Perspect 1999;107:843-49.

Staessen JA, Nawrot T, Hond ED, Thijs L, Fagard R,
Hoppenbrouwers K, Koppen G, Nelen V, Schoeters G,
Vanderschueren D, Van Hecke E, Verschaeve L, Vlietinck R,
Roels HA. Renal function, cytogenetic measurements, and
sexual development in adolescents in relation to environmental
pollutants: a feasibility study of biomarkers. Lancet
2001;357:1660-9.

Zmirou D, Parent B, Potelon JL. Epidemiologic study of the
health effects of atmospheric waste from an industrial and
household refuse incineration plants. Rev Epidemiol Sante
Publique 1984;32:391-7.

Gray EJ, Peat JK, Mellis CM, Harrington J, Woolcock Al.
Asthma severity and morbidity in a population sample of
Sydney school children: Part I - Prevalence and effect of air
pollutants in coastal regions. Aust N Z J Med 1994;24:168-75.

Shy CM, Degnan D, Fox DL, Mukerjee S, Hazucha M]J,
Boehlecke BA, Rothenbacher D, Briggs PM, Devlin RB,
Wallace DD, Stovens RK, Bromberg PA. Do waste incinerators
induce adverse respiratory effects? An air quality and epidemi-
ological study of six communities. Environ Health Perspect
1995;103:714-24.

Hu SW, Hazucha M, Shy CM. Waste incineration and
pulmonary function: an epidemiologic study of six
communities. J Air Waste Manag Assoc 2001;51:1185-94.

Dolk H, Vrijheid M, Armstrong B, Bianchi F, Garne E, Nelen V,
et al. Risk of congenital anomalies near hazardous waste landfill
sites in Europe: EUROHAZCON study. Lancet 1998;352:423-
27.

Tusscher GW, Stam GA, Koppe JG. Open chemical
combustions resulting in a local increased incidence of orofacial
clefts. Chemosphere 2000;40:1263-70.

Rydhstroem H. No obvious spatial clustering of twin births in
Sweden between 1973 and 1990. Environ Res 1998,76:27-31.

Williams FL, Lawson AB, Lloyd OL. Low sex ratios of births in
areas at risk from air pollution from incinerators, as shown by
geographical analysis and 3-dimensional mapping. Int J Epid
1992;21:311-9.

Dos Santos Silva 1. Cancer Epidemiology: Principles and
Methods. Lyon: IARC, 1999.

Rothman KJ, Greenland S. Hill’s criteria for causality. In: Gail
MH, Benichou J, (Ed.). Encyclopaedia of Epidemiologic
Methods. New York: Wiley Reference Series in Biostatistics;
2000. p. 428-31.

Fontana V, Baldi R, Franchini M, Gridelli P, Ceppi M, Magnoni
U, et al. An epidemiologic study of residents living in the south-
eastern area of La Spezia Municipality. Epid Prev
2000;24(4):172-9.

Rothman KJ, Greenland S. Modern Epidemiology (second
edition). Philadelphia, PA: Lippincott-Raven; 1998. p. 142-3.

Shusterman D, Lipscomb JA, Goldman LR, Neutra RR, Satin
PS. Symptom prevalence and odor-worry interaction near
hazardous waste site. Environ Health Perspect 1991;94:25-30.



INCINERATORS AND RELATED HEALTH EFFECTS

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Lipscomb JA, Goldman LR, Satin PS, Smith DF, Vance WA,
Neutra RR. A follow-up study of the community near the
McColl waste disposal site. Environ Health Perspect
1991;94:15-24.

Sjoberg L. Factors in risk perception. Risk Anal 2000;20(1):1-11.

International Agency for Research on Cancer. Overall
evaluations of carcinogenicity: an updating of IARC
monographs volumes 1 to 42. Lyon: IARC; 1987. (IARC
Monographs on the Evaluation of Carcinogenic Risks to
Humans, suppl 7).

International Agency for Research on Cancer. Beryllium,
cadmium, mercury, and exposures in the glass manufacturing
industry. Lyon: TIARC; 1993. (IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans 58).

International Agency for Research on Cancer. Chromium, nickel
and welding. Lyon: IARC; 1990. (IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans 49) p. 49-445.

International Agency for Research on Cancer. Some chemicals
that cause tumors of the kidney or urinary bladder in rodents
and some other substances. Lyon: TARC; 1999. (IARC
Monographs on the Evaluation of Carcinogenic Risks to
Humans 73) p. 131-70.

International Agency for Research on Cancer. Occupational
exposures in insecticide application, and some pesticides. Lyon:
IARC; 1991. (IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans 53).

International Agency for Research on Cancer. Dry cleaning,
sum chlorinated solvents and other industrial chemicals. Lyon:
IARC; 1995. (IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans 63) p. 75-137.

International Agency for Research on Cancer. Polychlorinated
Dibenzo-para-Dioxins and Polyclorina-ted Dibenzofurans.
Lyon: IARC; 1997. (IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans 69) p. 335-43.

Ohta S, Kurikama S, Aozasa O, Nakao T, Takao T, Tanahashi M,
et al. Survey on levels of PCDDs, PCDFs, and non-ortho Co-
PCBs in soil and sediment from a high cancer area near a batch-
type municipal solid waste incinerator in Japan. Bull Environ
Contam Toxicol 2000;64:630-7.

Smith AH. Infant exposure assessment for breast milk dioxins
and furans derived from waste incineration emissions. Risk Anal
1987;7:347-53.

Holly A, Hattamer-Frey HA and Travis CC. Comparison of
human exposure to dioxin from municipal waste incineration
and background environmental contamination. Chemosphere
1989;18:643-50.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

115

Eitzer BD. Polychrorinated dibenzo-p-dioxins and dibenzo-
furans in raw milk samples from farms located near a new
resource recovery incinerator. Chemosphere 1995;30:1237-48.

Boudet C, Zmirou D, Laffond M, Balducci F, Benoit-Guyod JL.
Health risk assessment of a modern municipal waste incinerator.
Risk Anal 1999;19(6):1215-22.

Scarlett JM, Babish JG, Blue JT, Voekler WE, Lisk DJ. Urinary
mutagens in municipal refuse incinerator workers and water
treatment workers. J Toxicol Environ Health 1990;31:11-27.

Bresnitz EA, Roseman J, Becker D, Gracely E. Morbidity
among municipal waste incinerator workers. Am J Ind Med
1992;22:363-78.

Ma XF, Babish JG, Scarlett JM, Gutenmann WH, Lisk DIJ.
Mutagens in urine sampled repetitively from municipal refuse
incinerator workers and water treatment workers. J Toxicol
Environ Health 1992;37:483-94.

Malkin R, Brandt-Rauf P, Graziano J, Paridies M. Blood lead
levels in incinerator workers. Environ Res 1992;59:265-70.

Gustavsson P, Evanoff B, Hogstedt C. Increased risk of
esophageal cancer among workers exposed to combustion
products. Arch Environ Health 1993;48(4):243-45.

Schecter A, Papke O, Ball M, Lis A, Brandt-Rauf P. Dioxin
concentrations in the blood of workers at municipal waste
incinerators. Occup Environ Med Jun 1995;52:385-87.

Rapiti E, Sperati A, Fano V, Dell’Orco V, Forastiere F. Mortality
among workers at municipal waste incinerator. Am J Ind Med
1997;31:659-61.

Kumagai S, Koda S, Miyakita T, Yamaguchi H, Katagi K,
Yasuda N. Polychlorinated dibenzo-p-dioxin and dibenzofuran
concentrations in the serum samples of workers at continuously
burning municipal waste incinerators in Japan. Occup Environ
Med 2000;57:204-10.

Kitamura K, Kikuchi Y, Watanabe S, Waechter G, Sakurai H,
Takada T. Health effects of chronic exposure to polychorinated
dibenzo-p-dioxins (PCDD), dibenzofurans (PCDF) and
coplanar PCB (Co-PCB) of municipal waste incinerator
workers. Am J Epidemiol 2000;10:262-70.

Wrbitzky R, Beyer B, Thoma H, Flatau B, Henning M, Weber
A, Angerer J, Lehnert G. Internal exposure to polychlorinated
dibenzo-p-dioxins and polychrorinated dibenzofurans
(PCDDs/PCDFs) of Bavarian chimney sweeps. Arch Environ
Contam Toxicol 2001;40:136-40.



