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Respiratory disease in relation to patient residence near
to hazardous waste sites
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Abstract

We have examined rates of hospitalization for respiratory diseases in relation to residences in zip codes with hazardous waste sites, as well as
socio-economic status. Chronic bronchitis and chronic airway obstruction were elevated in persons who live in zip codes containing persistent
organic pollutants (POPs) (PCBs and persistent pesticides) as compared to “clean” zip codes without hazardous waste sites or zip codes with
hazardous waste sites containing other kinds of wastes, but the differences could be due to socio-economic status and behavioral risk factors
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ince these are also important risk factors for respiratory diseases. Therefore, we investigated rates of hospitalization for individun
ip codes along the Hudson River, because here the average per capita income is higher than in the rest of the state, and there is
etter diet and more exercise. We found a similar elevation of chronic bronchitis and chronic airway obstruction along the Huds
bservations are consistent with the possibility that living near a POPs-contaminated site poses a risk of exposure and increased ri
espiratory disease, probably secondary to suppression of the immune system.
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. Introduction

Persistent organic pollutants (POPs) are halogenated com-
ounds, most man-made, that are resistant to degradation in

he environment and in living organisms. A short list of POPs
the “dirty dozen”) has been the focus of an United Nations
nvironment Programme (Proffitt, 2004) effort to reduce or
liminate their use, culminating in the Stockholm Conven-

ion, which was adopted and opened for signature on 22 May
001 and ratified by 59 nations in 2004 (Kaiser and Enserink,
000; Proffitt, 2004). This Convention commits countries to
top using polychlorinated biphenyls (PCBs), hexachlorben-
ene, several chlorinated pesticides (aldrin, chlordane, DDT,
ieldrin, endrin, heptachlor, mirex and toxaphene) and to re-
uce unintended production of dioxins and furans. PCBs are

ndustrial chemicals manufactured and widely used for a va-
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riety of purposes before they were banned in the US in 1
because of their environmental persistence and adver
fects on animal and human health (ATSDR, 2000). PCBs are
a class of 209 chemical compounds (known as conge
defined by the number and position of the chlorine atom
tached to the biphenyl rings. Some congeners are plana
have actions similar to those of dioxin. Though most of
chlorinated pesticides have not been manufactured in th
for many years, they remain in the environment due to
environmental persistence (Sinkkonen and Paasivirta, 200)
and are carried long distances through atmospheric tran
(Lohmann et al., 2001). Dioxins and furans are products
combustion, and remain as unwanted byproducts of ind
alization.

POPs are widely distributed in the environment
throughout the food chain (Kalantzi et al., 2001; Lohmann
al., 2001). There is almost certainly no person living that d
not have some body burden of dioxin-like compounds, P
and persistent organochlorine pesticides in their body fa
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the past, high exposure has resulted from occupational expo-
sures (ATSDR, 2000) or consumption of POPs-contaminated
fish (Schwartz et al., 1983). However, POPs are now widely
distributed throughout the food supply at low levels, being
concentrated in animal fats (IOM, 2003). While POPs are
widely distributed, there are many sites of particularly high
contamination or localized point source areas (Bobovnikova
et al., 2000; Hermanson and Hites, 1990; Hsu et al., 2003).

There have been a number of studies that have demon-
strated an elevation in incidence of particular diseases in in-
dividuals who live near hazardous waste sites, many of which
contain POPs. Several have investigated the incidence of birth
defects in relation to residence near hazardous waste sites,
and have reported that such residence increased risk of sev-
eral different types of birth defects (Geschwind et al., 1992).
Others have found that serum PCB levels are elevated in indi-
viduals living near chemical plants that manufactured PCBs
(Hansen et al., 2002), and that these elevated levels were not
due to ingestion of locally caught fish or employment at the
plant (Carpenter et al., 2002a). These observations raise the
possibility that simply living near a POP-contaminated site
poses a risk of exposure and of disease. If this is the case,
at least one major route of exposure must be atmospheric
transport of POPs, either in the vapor or particulate phase.

In 1998, Health Canada released a series of 17 reports
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codes with a hazardous waste site but not one containing
POPs.

Planar PCBs, dioxins and furans are well known to be
immunosuppressive substances(ATSDR 1998, 2000), and
suppression of the immune system is known to be one of
the most sensitive indicators of exposure. Ortho-substituted
PCBs have also been shown to have effects on immune cells
(Jeon et al., 2002; Tan et al., 2003). A number of chlorinated
pesticides are also persistent, and have adverse effects on the
immune system (Repetto and Baliga, 1997; Vine et al., 2000).
In the present study we have focused on respiratory diseases,
comparing those with an infectious etiology to those with
an allergic etiology. There are many confounders for respira-
tory disease, and we have attempted to determine the contri-
bution of these confounders through information on average
per capita income from the US Census and through use of the
Behavioral Risk Factors Surveillance System (BRFSS). The
hypothesis behind these studies is that residential proximity
to a POPs-contaminated hazardous waste site increases risk
of exposure, perhaps via air transport, and that such expo-
sure will be reflected in an increased incidence of respiratory
diseases of an infectious origin.

2. Materials and methods
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n diseases diagnosed at hospitalization in Areas of Co
n Ontario (seeElliott et al., 2001b). At the request of th
nternational Joint Commission (IJC) we instituted a s
ar study in New York. New York has an excellent datab
f diagnoses of all in-patients in hospitals that are regu
y the state, which includes all but federal hospitals,
s those operated by the Veterans’ Administration. For
ospitalized patient the hospital must report all diagn
primary diagnosis and up to 15 others) for the patient,
ge, sex, race and zip code of residence. We have use
atabase for the years 1993–2000, where each year co
pproximately 2.5 million hospitalizations. New York a
as a large number of identified hazardous waste sites.
re 89 National Priority List (NPL) sites identified by t
nvironmental Protection Agency (EPA), plus 864 state
erfund sites identified by the New York Department of
ironmental Conservation (DEC). In addition the IJC,
S–Canadian body that advises the two governments
ues relating to the boundary waters, has identified six b
f water in New York as Areas of Concern (the Niagara R

he Buffalo River, 18 Mile Creek, the Rochester Embaym
he Oswego River and the St. Lawrence River near Mas
Y) because of excessive contamination with organoc

ines and other contaminants (ATSDR, 2004). Thus, we hav
xamined information on each of these sites and crea
ataset that lists the contaminants identified by EPA, D
r the IJC at each site, plus the zip code(s) of each
his then allows us to investigate the rates of hospita

ion for specific diseases for individuals living in zip cod
ontaining or abutting POPs-contaminated sites to thos
ng either in zip codes with no hazardous waste sites, o
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Because of significant differences in population den
nd demographics we excluded New York City from
nalysis. All of the hazardous waste sites in New York id

ified by EPA (http://www.epa.gov/superfund/sites/rodsi
202609.htm), DEC (Registry of Inactive Hazardo
aste Disposal Sites in New York State) and the

http://www.epa.gov/glnpo/aoc/index.html) were reviewed
nd the contaminants listed as being the major contami
ere identified, along with the zip code or codes cont

ng or abutting the sites. We identified 213 zip codes,
population in the 2000 Census of 2,816,653, as conta
r abutting a POPs-contaminated site containing one or
f the “dirty dozen”. The great majority of these sites c

ained PCBs, sometimes with the added presence of p
ent pesticides. Relatively few sites report dioxins or fur
f the POPs sites, 78 abut the PCB-contaminated porti

he Hudson River, which is all of the river south of Hud
alls, New York. There were 244 zip codes, with a pop

ion of 3,464,571 that contained or abutted a hazardous
ite, but not one containing POPs. Most of these sites co
etals or volatile organics. In addition there were 1382

odes, with a population of 4,742,193, that did not con
ny identified hazardous waste site.

Average per capita income was obtained from the 1
ensus, and was US$ 14,616.38 in the POPs-contam
ip codes, US$ 16,594.53 in the “other waste” zip codes
S$ 19,311.93 in the “clean” zip codes.
The Statewide Planning and Research Cooperative

em (SPARCS) is a dataset maintained by the New York S
epartment of Health. Under New York law every hosp

http://www.epa.gov/superfund/sites/rodsites/0202609.htm
http://www.epa.gov/superfund/sites/rodsites/0202609.htm
http://www.epa.gov/glnpo/aoc/index.html
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which falls under Article 26 (all hospitals in the state other
than federal hospitals) must report all diseases diagnosed for
in-patients to the Department upon discharge of the patient.
The report includes the primary diagnosis plus up to 15 other
diseases, based on the International Classification of Disease,
Ninth Revision (ICD-9) codes, and the name, age, sex, race
and street address of the patient. We obtained these data with-
out personal identifiers (name and street address) but with zip
codes of patient residences for the years 1993–2000.

There are some limitations to this dataset above and be-
yond possible errors in data entry at hospitals. Without per-
sonal identifiers we cannot distinguish a particular disease
diagnosis of multiple hospitalizations of one individual from
those of different people. However, since there are about
2,500,000 recorded diagnoses per year, the number of en-
tries over the 8-year period for which we have data is large.
Another major limitation is that we have no information
from SPARCS on socio-economic status nor behaviors which
might pose risks for a particular disease. This is a particular
problem in the study of respiratory disease, where behaviors
such as smoking are major risk factors. We have used the
BRFSS in some situations in an effort to control for behav-
iors. Unfortunately, at present, the BRFSS contains informa-
tion only at the county level, and therefore its usefulness is
limited. However, even county level information is valuable
f uti-
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talization for several forms of respiratory disease as follows:

ICD 460–466 Acute respiratory infections;
ICD 480–487 Pneumonia and influenza;
ICD 490 Bronchitis, not specified as acute or chronic;
ICD 491 Chronic bronchitis;
ICD 492 Emphysema;
ICD 494 Bronchiectasis;
ICD 495 Extrinsic allergic alveolitis;
ICD 496 Chronic airway obstruction, not elsewhere classi-
fied.

The goal of these investigations is to determine whether
various forms of respiratory disease are more frequent among
individuals living near hazardous waste sites and, if so, to
attempt to determine whether this is secondary to exposure to
contaminants and consequent alteration of immune function
or to socio-economic factors.

3. Results

Table 1shows a summary of significant differences among
the three residential areas for the respiratory diseases that
were investigated. For three ICD-9 groups there were no sig-
nificant differences. These included bronchitis (not specified
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s Ps-
or demonstrating regional trends. In this study we have
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Data analysis was done as previously detailed (Carpente

t al., 2001) following the methods used in the Health Can
tudies. Age-standardized morbidity rates (ASMR) were
ermined and significance was evaluated by use of the Z
Breslow and Day, 1987). In this report we analyzed hos
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RI; ICD 460–466 F +
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neumonia and influenza; ICD 480–487 F 0
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ronchitis, not specified; ICD 490 F 0
M 0

hronic bronchitis; ICD 491 F 0
M 0

mphysema; ICD 492 F 0
M 0

ronchiectasis; ICD 494 F 0
M 0

strinsic allergic alveolitis; ICD 495 F 0
M 0

hronic airway obstruction not classified; ICD 496 F 0
M 0
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compared to clean and other waste zip codes

s Other waste sites

25–44 45–74 75+ 0–24 25–44 45–74

+ + 0 0 0 0 0
0 0 0 0 0 0

0 + 0 0 0 0
+ 0 0 0 0 0

0 0 0 0 0 0 0
0 0 0 0 0 0

0 + 0 0 0 + 0
+ 0 0 0 + 0

0 0 0 0 0 0 0
0 0 0 0 0 0

0 0 0 0 0 0 0
0 0 0 0 0 0

0 0 0 0 0 0 0
0 − 0 0 0 0

0 + + 0 0 +
+ + 0 0 + 0

significance is 0.

s acute or chronic), emphysema and bronchiectasis.
as a significant excess of diagnosis of acute respirato

ections when comparing the POPs zip codes to the c
ip codes, and a non-significant excess when comparin
OPs zip codes to the other waste zip codes (Fig. 1). A similar
attern, but somewhat less striking, was seen with pne
ia and influenza. While these patterns might reflect sup
ion of the immune system in residents living near to PO
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Fig. 1. Diagnosis of acute respiratory infections (ICD-9460-466), presented
as age-standardized morbidity rates per 100,000 population, in New York
residents (other than New York City) hospitalized in state-regulated hospitals
between 1993 and 2000. The bars show the ASMRs on the basis of whether
the persons have residence in a zip code that contains or abuts a hazardous
waste site containing persistent organic pollutants (POP), has no federally
or state-designated hazardous waste site (clean) or has a hazardous waste
site which contains primarily toxic substances other than POPs. Data are
presented for four age ranges for women (a) and men (b). The stars indicate
results significantly different from the POPs value on the basis of the Z-test
value is higher than 1.96.

contaminated sites, they also may be a reflection primarily of
socio-economic status.

Fig. 2 shows the rates of hospitalization diagnosis for
chronic bronchitis in women (a) and men (b).Fig. 3 shows
similar data for chronic airway obstruction not otherwise clas-
sified. For both diseases there is a significantly elevated rate
of hospitalization in residents of POPs zip codes as com-
pared to both comparison populations in the 45–74 years age
group. Both of these diseases have an infectious component,
but incidence is also altered by behavioral risk factors, such
as smoking.

We next examined diseases associated with elevated im-
mune responses.Fig. 4 shows results for allergic alveolitis.
While fewer age groups show statistically significant differ-
ences (due to the lower frequency of diagnosis of this disease,
and therefore the smaller numbers), it is clear that the trend
is for allergic alveolitis to occur more frequently among res-
idents of zip codes that do not contain any hazardous waste
sites.

Fig. 2. ASMRs as inFig. 1 but for hospitalization with chronic bronchitis
(ICD-9491).

Because it is almost impossible to distinguish effects of
socio-economic status from exposure to contaminants in the
above results, we have examined a subset of zip codes that
abut the Hudson River.Table 2shows than the zip codes along
the Hudson are characterized by having higher incomes than
in the rest of the state.Table 3shows the frequency of smok-
ing, degree of physical activity and relative consumption of
fruits and vegetables in counties abutting the Hudson River
as compared to other counties in New York outside of New
York City, taken from BRFSS. Of those who provided infor-
mation (some reported they did not know or refused to an-
swer) the residents near the Hudson River smoke less, have
more exercise and a more healthy diet than the rest of up-
state New Yorkers. Therefore, we compared morbidity rates
in this population, where we have at least some information
on behavioral risk factors.

Table 2
Income distribution (% of population)

Income level (US$ per year) Hudson Rest of NYS

<10,000 2.0 3.6
10,000–14,999 2.6 4.3
15,000–19,999 6.7 5.9
20,000–24,999 3.6 7.8
25,000–34,999 9.5 13.0
35,000–49,999 13.3 15.9
50,000–74,999 17.4 13.9
7
5,000+ 26.3 17.4
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Fig. 3. ASMRs as inFig. 1 but for hospitalization for chronic airway ob-
struction, not otherwise classified (ICD-9496).

Fig. 5shows the rate of hospitalization for chronic bron-
chitis andFig. 6 for chronic obstructive pulmonary disease
among residents in PCB-contaminated zip codes abutting the
Hudson River, as compared to those in clean zip codes and
zip codes with other wastes for all of New York except New
York City. The results obtained from this population are al-
most identical to those from all POPs-contaminated zip codes
in New York. This evidence provides at least some support for

Table 3
Frequency of smoking, degree of physical activity and relative consumption
of fruits and vegetables (% of population)

Frequency Hudson Rest of NYS

Smoking status
Current smoker (every day) 15.05 18.42
Current smoker (some days) 2.77 5.56
Former smoker 25.54 27.37
Never smoked 56.04 48.13

Physical activity
Physically inactive 14.06 14.91
Irregular activity 21.39 15.37
Regular activity 17.82 16.14
Regular and vigorous activity 10.50 8.07

Fruit and vegetable consumption
Less than once a day or never 1.39 1.63
One to less than three times a day 18.61 16.20
Three to less than five times a day 24.75 22.38

Fig. 4. ASMRs as inFig. 1but for extrinsic allergic alveolitis (ICD-9495).

the conclusion that socio-economic status and rates of smok-
ing, exercise and diet do not explain the elevated incidence
of infectious respiratory diseases in POPs-contaminated zip
codes.

4. Discussion

There is evidence that human exposure to POPs constitutes
a significant threat to health, and leads to increased risk of
many different diseases, including cancer, endocrine disrup-
tion, neurobehavioral abnormalities and immunosuppression
(ATSDR, 2000; Carpenter et al., 2002b; Johnson et al., 1998).
The hypothesis being tested in these studies is that living in a
zip code containing or abutting a POP-contaminated zip code
poses a risk of exposure, and that such exposure increases the
risk of hospitalization for both acute and chronic respiratory
disease of an infectious origin. The results obtained are con-
sistent with the hypothesis, although they do not constitute
proof. The most serious limitation of these studies is the ex-
posure assessment. Living in a zip code that contains or abuts
a POPs-contaminated site is a very crude way to assess expo-
sure, since zip codes are large and irregular in shape. In the
present study we have no other exposure matrix. Nonethe-
less, this hypothesis is not without support from some other
Five or more times a day 19.01 14.34



254 R. Kudyakov et al. / Environmental Toxicology and Pharmacology 18 (2004) 249–257

Fig. 5. ASMRs for chronic airway obstruction, not otherwise classified, as in
Fig. 3but considering only those persons who reside in a zip code that abuts
the PCB-contaminated Hudson River, as compared to the persons living in
clean and other waste site zip codes.

studies. Residence in relationship to proximity to a hazardous
waste site has been shown to be a risk factor for several can-
cers (Ozonoff et al., 1994) and congenital malformations in
some (Gerschwind et al., 1992) but not all studies (Marshall et
al., 1997). Residence near landfill sites has also been shown
to correlate with risk of giving birth to a low birth weight
infant (Baibergenova et al., 2003; Berry and Bove, 1997;
Elliott et al., 2001a; Vianna and Polan, 1984). Health Canada
has recently released reports on hospitalizations, cancer and
birth defects in 17 Areas of Concern in Ontario. These results
are summarized byElliott et al. (2001b)andGilbertson and
Brophy (2001), and demonstrate reasonably consistent pat-
terns of elevations of certain diseases.Carpenter et al. (2001)
showed that residence near three Areas of Concern in New
York was associated with significant elevations in rates of
hospitalization for thyroid and genital disease in women. The
report byBaibergenova et al. (2003)is particularly important
in relation to the present results because that study was based
on use of the same exposure assessment methods used in the
present study, but used data from an entirely different dataset,
the New York State birth registry. This study showed that af-
ter accounting for other confounders, such as smoking, age,
race and weight of the mother, there was still an excess risk
of giving birth to a low birth weight infant if the zip code of

Fig. 6. ASMRs for chronic bronchitis as inFig. 2but considering only those
persons who reside in a zip code that abuts the PCB-contaminated Hudson
River.

residence of the mother contained a POPs hazardous waste
site.

Use of hospitalization data alone does not allow one to
control for socio-economic status nor behavioral risk fac-
tors for respiratory disease. There is a smaller difference in
per capita income when one compares residents of POPs-
contaminated zip codes to those in zip codes with other
wastes, but the POPs zip codes still have a lower income.

Lower income has been shown to be a predictor of ill health
(Jha et al., 2002; Lochner et al., 2001), and socio-economic
status may explain some of the differences we have found.
There are also other sources of error, such as misclassifica-
tion of ICD codes and possible differences in access to and/or
standards of care in different parts of the state. Nevertheless,
hospitalization data obtained from over a number of years,
because of the large numbers involved, has considerable po-
tential for generation of and testing of hypotheses regarding
the causes of disease.

There is evidence from both laboratory animal (Harper
et al., 1993; Segre et al., 2002; Tryphonas et al., 1991) and
wild polar bear (Bernhoft et al., 2000) and porpoise (Jepson
et al., 1999) populations that POPs are immunosuppressive,
often leading to infectious diseases. It was shown as early as
1978 that PCB or hexachlorobenzene exposed mice showed
impaired resistance and decreased survival to malaria and
b o
acterial endotoxin (Loose et al., 1978). Human studies als
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show that dioxin-like PCBs, dioxins and furans are immuno-
suppressive. In humansNakanishi et al. (1985)reported that
Yusho patients showed marked elevations in respiratory dis-
eases that correlated well with the concentrations of PCBs in
blood, and that the elevations in respiratory disease remained
14 years after the exposure. The pathology seen in Yushu pa-
tients was primarily small airway disease in bronchioles with
associated infection. In a 6-year follow up of YuCheng chil-
dren they were found to consistently have higher frequencies
of bronchitis, influenza and otitis media (Ju et al., 1992), al-
though this elevation had disappeared with longer time (Yu
et al., 1998).

In an earlier report, Carpenter et al. (2000b) showed that
hospitalization for five infectious diseases of childhood was
30% greater in POPs as compared to clean zip codes, in chil-
dren in the first year of life, with the elevated risk decreasing
somewhat with age up to 9 years.Svensson et al. (1994)
demonstrated that men who ate fatty fish from the Baltic Sea
had lower proportions and numbers of natural killer cells in
peripheral blood than non-consumers.

More recent studies have demonstrated the Dutch infants
exposed to dioxins and PCBs have elevated incidence of re-
current middle-ear infections and chicken pox, and a lower
prevalence of allergic reactions (Weisglas-Kuperus et al.,
2000). These children also showed abnormalities in lympho-
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