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ABSTRACT

The increasing incidence of breast cancer in the United States and the interna-
tional variation in risk have led to speculation that environmental risk factors are
an important cause of breast cancer. We review the epidemiologic evidence on
the breast cancer risk associated with ambient environmental exposures expe-
rienced passively by the US population, and discuss the difficulties associated
with measurement of specific exposures in environmental studies. We review
geographic variation of breast cancer rates in the United States, and exposure to
organochlorines, ionizing and electromagnetic radiation, and passive smoking.
Results are inconclusive but do not support a major role of environmental risk
factors in the etiology of breast cancer.

INTRODUCTION

Breast cancer incidence rates in the United States have increased by 1% per
year since 1940 (46). Rates in the United States are among the highest in
the world, and rates in Western industrialized countries are as much as fivefold
higher than rates in Africa and Asia (22, 54). Furthermore, daughters of women
who migrate from low-incidence to high-incidence countries acquire the breast
cancer risk prevailing in the new country (16), suggesting that aspects of lifestyle
or the environment are the major determinants of breast cancer. Studies of
atomic bomb survivors have shown that ionizing radiation, an environmental
exposure, is a risk factor for breast cancer (102). Because it is uncertain how

101
0163-7525/98/0510-0101$08.00

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 1

99
8.

19
:1

01
-1

23
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

65
.2

1.
19

3.
86

 o
n 

03
/1

3/
22

. F
or

 p
er

so
na

l u
se

 o
nl

y.
 



   

P1: ARS

February 18, 1998 11:33 Annual Reviews AR054-06

102 LADEN & HUNTER

much of the change in breast cancer risk over time and the international variation
in risk can be explained by established reproductive and other risk factors, there
has been much speculation that environmental exposures other than radiation
are important causes of breast cancer (26, 120).

We review the evidence on the breast cancer risk associated with ambient
environmental exposures relevant to the US population. It is unfortunate that
there is confusion as to what constitutes an “environmental” exposure. Epi-
demiologists often label as “environmental” any risk factor that is not genetic,
including diet, body size, exogenous estrogen use, reproductive factors, and
medical treatments. Using this definition most breast cancer is thought to be
due to the “environment,” as only a small proportion is due to inherited muta-
tions in breast cancer susceptibility genes. The general public, however, often
interprets this as evidence that much of breast cancer is due to “environmental”
pollution. In this review, we restrict the definition of environmental exposures
to those which a person experiences passively, due to pollution or other charac-
teristics of the outside world. We discuss geographic variation of breast cancer
rates in the United States, exposure to organochlorines, exposure to ionizing
and nonionizing (electromagnetic fields) radiation, and passive smoking. We
present avoidable personal exposures and occupational exposures only when
they are relevant to issues of environmental exposures in the general population.
These environmental exposures have been selected as potential breast cancer
risk factors based on biological hypotheses that we discuss in brief before pre-
senting the epidemiological evidence.

An often quoted estimate is that only 30% of breast cancer cases are explained
by known risk factors (25, 94a), suggesting that major risk factors remain to
be discovered. However, a recent study of population-attributable risks in a
nationwide survey estimated that at least 45% to 55% of breast cancer cases in
the United States may be explained by later age at first birth, nulliparity, family
history of breast cancer, higher socioeconomic status, earlier age at menarche,
and prior benign breast disease (69). Other statistical models appear to explain
an even higher proportion of breast cancer on the basis of known risk factors
(21). Although it is difficult to determine precisely how much of the secular
trend of increasing breast cancer rates is due to the changing prevalence of
known risk factors, this proportion is almost certainly substantial, limiting the
potential contribution of yet to be determined environmental exposures.

In Table 1, we present some selected events in the “modernization” and ur-
banization of the United States that have been hypothesized to be relevant to in-
creasing breast cancer rates, along with the incidence rates from the Connecticut
Cancer Registry, the most complete longitudinal incidence data in the United
States. For descriptive purposes, we have also included information on time
trends of some of the accepted breast cancer risk factors to illustrate their
change over time.
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Table 1 Selected “environmental” events in the United States, prevalence of key breast
cancer risk factors, and breast cancer incidence in Connecticut by decade

“Environmental” events Breast cancer risk factors Incidencea

1870 Light bulbs invented (1879)b Age menarche: 14.8 yearsc

1900 Model T invented (1908)d Age menarche: 14 yearsc

US population 40% urbane 33% nullip; 86% afb<30f

8% homes electrifiedb

1910 Home appliances inventedb 36% nullip; 86% afb<30f

1920 PCBs introduced (1929)g 28% nullip; 86% afb<30f

US population 51% urbane Women start smoking
1930 80% urban homes electrifiedb 26% nullip; 89% afb<30f

11% rural homes electrifiedb

1940 DDT introduced (1943)g 30% nullip; 80% afb<30f 56.6
Natl. Highway Network (1947)d

US population 57% urbane

25% women in labor forceh

Suburbanizationd

1950 Peak production DDTg 21% nullip; 81% afb<30f 63.4
Commercial nuclear powerb Age menarche: 12.8 yearsc

80% rural homes electrifiedb

1960 37% women in labor forceh Oral contraceptives 68.8
US population 70% urbane Postmenopausal hormones

13% nullip; 91% afb<30f

1970 Peak production PCBsg 10% nullip; 93% afb<30f 80.4
DDT banned (1972)g

PCB production ceased (1977)g

1980 US population 73.7% urbane 91.2
1990 57% women in labor forceh 116.5i

US population 75% urbane

aAverage annual age-adjusted (1970 US Standard) incidence rates per 100,000 population,
Connecticut; Heston et al 1986 (48).

bUS Department of Energy 1996 (108).
cAverage age at menarche for US population, Wyshak et al 1982 (124).
dChudacoff et al 1981 (19).
eUS Bureau of the Census: 1900, 1920, 1940 (104); 1960 (105); 1980 (106); 1990 (107).
fConnecticut women, 40 years old on average at midpoint of decade; nullip= nulliparous,

afb = percentage age at first birth<30 years among parous women; Hahn & Moolgavkar 1989
(44).

gAhlborg et al 1995 (3).
hPercentage of women>age 14; Roberts 1993 (88).
iKosary et al 1995 (55).

ISSUES IN ENVIRONMENTAL EPIDEMIOLOGY
OF ANY CHRONIC DISEASE

There are many methodologic issues that make environmental epidemiology
of chronic diseases especially challenging. These mainly center around prob-
lems of exposure measurement. First, in most circumstances, pollutants are
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ubiquitous and occur in the ambient environment at very low levels. There-
fore, exposure is hard to measure accurately, and it may be difficult to identify
an unexposed population. An exception is the evaluation of major releases of
contaminants due to an event such as an industrial accident or the atomic bomb.
Low-level exposures are also often associated with small hypothesized relative
risks that are difficult to assess statistically in small studies.

Second, because environmental exposures are indirect and are experienced
passively, it is difficult to quantify the dose to an individual. Individuals may
not know whether and to what extent they were exposed to a given pollutant, so
direct questions cannot be used for assessment. If the exposure is still present,
personal monitors can be used to measure exposure; however, this is often
expensive and time consuming. Researchers can evaluate proxies of expo-
sure, current and past, such as place and duration of residence, job title, and
assessment of other activities. The level of exposure is quantified with present-
day “area” measurements or historical records. Indirect exposure assessment,
grouping of job titles, and “area” measurements can lead to substantial misclas-
sification of individual exposures because the actual exposure to the individual
may vary due to her experiences and activities. If this error is independent of
disease status (nondifferential) then the relative risks for binary exposures are
attenuated, increasing the difficulty of detecting a small real effect. In addition,
assessment of dose response will be compromised.

Biomarker studies are one approach to avoid the problems of individual expo-
sure assessment. Concentrations of a pollutant or its metabolites in biological
media (often tissues or blood) measure internal dose, and if the chemical has a
long half-life cumulative exposure over time can be assessed as well.

Hypotheses about the relationship between environmental risk factors and
disease often are generated from ecologic studies and identification of clusters.
Although useful if performed properly, both types of analyses have serious
limitations and should be interpreted with caution. Ecologic studies are studies
in which both disease and exposure are assessed on the group rather than on the
individual level; regional rates of disease are compared to regional rates of the
exposure. These studies are inexpensive to execute because they make use of
available data and do not require extensive exposure assessment. However, the
major problems are that proxies for individual exposure are often used, there is
no way to know if the exposed people are really the ones who have the disease,
and information on potential confounding factors is often unavailable.

A cluster is an excess of cases in space, in time, or in both space and time
(51). The identification of a cluster is usually based on anecdotal evidence, and
is dependent on how the geographic area or time frame is defined. Neutra and
associates point out that the prior probability that a cluster is caused by envi-
ronmental exposures is low because (a) carcinogens are usually present in the
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environment in very low levels, and (b) many small areas will, by chance alone,
have at least one type of cancer whose elevation is statistically significant (82).
Despite these limitations, cluster analyses can identify previously unsuspected
risk factors for further study.

GEOGRAPHIC VARIATION AND SUSPECTED
CLUSTERS

Evidence of variation in geographic incidence and mortality rates of breast
cancer within the United States and identification of suspected breast can-
cer clusters have stimulated interest in potential environmental risk factors for
breast cancer. Breast cancer rates among older women have been reported to
be higher in the Northeast than in the South and in urban areas compared to
rural areas (11, 99). Blot et al reported that mortality rates of breast cancer
(1950–1969) were 20% higher in large high-income counties (i.e. more urban)
in the Northeast than in comparable counties in the South. Rates in smaller low-
income counties in the North were as much as 49% higher than in the South
(11). Using data from the National Center for Health Statistics from 1987,
Sturgeon and associates observed elevated age-adjusted mortality rate ratios
in all regions compared to the South for women aged 50 to 79. The relative
risks were 1.30 in the Northeast; 1.18 in the Midwest; and 1.15 in the West
(99). Breast cancer mortality in younger (premenopausal) women did not vary
by region in either study (11, 99). In a population-based study in New York
State, Nasca and associates found a significantly increasing linear relationship
between standardized incidence rates of breast cancer and population density,
a proxy for urbanization (78).

To determine the likelihood of an environmental explanation for these ob-
servations, nationwide studies have focused on evaluating the contribution of
already established breast cancer risk factors to these observed patterns of risk.
In the Blot et al study the relationship between mortality and region remained
significant after adjustment for demographic, socioeconomic, ethnicity, and
fertility variables defined crudely from county-level census data (11). Sturgeon
et al used data from the 1987 National Health Interview Survey to describe the
average breast cancer risk factor profile for each region of the continental United
States. In an ecological analysis controlling for group-defined risk and prognos-
tic factors, they were able to explain 50% of the excess mortality in the Northeast
and Midwest and 10% in the West (99). We performed a prospective analysis
of national breast cancer incidence rates utilizing individual-level information
on breast cancer risk factors in a defined cohort. The study population was the
Nurses’ Health Study, a large cohort of 121,700 women residing in 11 states
grouped according to region. We did not observe an excess in breast cancer

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 1

99
8.

19
:1

01
-1

23
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

65
.2

1.
19

3.
86

 o
n 

03
/1

3/
22

. F
or

 p
er

so
na

l u
se

 o
nl

y.
 



    
P1: ARS

February 18, 1998 11:33 Annual Reviews AR054-06

106 LADEN & HUNTER

incidence in either the Northeast or the Midwest compared to the South. How-
ever, age-adjusted incidence rates among postmenopausal women in California
(the only state from the West) were modestly elevated compared to the South
(RR = 1.24, 95%CI= 1.05–1.47). After adjusting for breast cancer risk fac-
tors, this excess rate was attenuated by 25% (RR= 1.18, 95%CI= 1.00–1.40)
(58). Consistent with these findings, the Surveillance, Epidemiology, and End
Results (SEER) Program of the National Cancer Institute reported high breast
cancer incidence in the San Francisco Bay Area compared to the other seven
registries located throughout the country (RR= 1.14 and 1.10 for white and
African American women, respectively) (87a). A recent study showed that re-
gional differences in known breast cancer risk factors completely accounted for
this modest elevation (87a). Based on the results from the Sturgeon and Laden
studies, region-specific widespread environmental pollutants are unlikely to be
responsible for reported differences in breast cancer incidence and mortality
rates in the United States.

Garland et al hypothesized that the excess breast cancer mortality observed
in urban areas and in the Northeast compared to the South could be due to
differences in exposure to sunlight (37). Sunlight is necessary for synthesis of
vitamin D in the skin, and in vitro studies have suggested that vitamin D inhibits
growth of breast cancer cells in culture (33). Annual levels of sunlight were
inversely correlated with age-adjusted mortality rates in urban areas (r= −0.8)
and in rural areas (r= −0.5) (37). These researchers also observed similar
results in a study in the USSR (40).

Breast cancer clusters provide the opportunity to study suspected ambient
environmental exposures at the local level. At least three potential clusters
have been discussed in peer-reviewed journals. In 1978, very small quantities
of various polycyclic aromatic hydrocarbons (PAHs) were detected in wells in
the city of St. Louis Park, a suburb of Minneapolis. Elevated breast cancer
cases were initially observed in this city when compared to nearby areas (32).
However, once the incidence ratios were adjusted for known risk factors for
breast cancer by determining their prevalence from interviews of a sample of
the cases and using relative risks from the literature, the number of observed
cases was not different from expectation (27).

In response to concerns of Long Island residents about higher than average
breast cancer incidence in Nassau County, the western part of the Island, the
National Cancer Institute and the National Institute of Environmental Health
Sciences have undertaken an extensive breast cancer case-control study. The
study will examine the association of breast cancer risk with exposures to con-
taminated drinking water; indoor and ambient air pollution, including pesticide
levels in household dust; electromagnetic fields; and hazardous and municipal
wastes (52). In a previous case-control study performed by the New York State
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Department of Health, an increased risk of breast cancer, adjusted for known
breast cancer risk factors, was observed among postmenopausal women who
had ever lived near a chemical facility in Nassau County in the past 20 years
(OR = 1.61, 95%CI= 1.06–2.43) (59). There was evidence of a “dose-
effect;” risk increased with number of chemical facilities and how long they
lived there. An elevated, but nonsignificant risk was also observed for resi-
dence near areas of high traffic density. A cluster analysis of counties in the
Northeast United States suggests that the elevated breast cancer mortality ob-
served on Long Island might be part of a larger cluster encompassing the New
York City-Philadelphia metropolitan area (56a).

Nine towns on Cape Cod, Massachusetts, had high breast cancer incidence in
the period 1982–1990 compared to other communities in the state. No increase
in breast cancer risk was found for women living near cranberry cultivation
areas, which have been hypothesized to result in exposure to pesticides (4).
A modest, but statistically nonsignificant elevation in risk was observed for
women living near the gun and mortar positions at the Massachusetts Military
Reservation (84), which might represent exposure to 2,4-dinitrotoluene, a prob-
able human carcinogen. Research is ongoing (14).

Cancer rates associated with residence near known sources of pollution have
also been evaluated elsewhere. Griffith et al compared age-adjusted breast can-
cer mortality rates in counties with trichlorethylene-contaminated groundwater
from hazardous waste sites with rates in unexposed counties. They observed a
statistically significant association for breast cancer (41). However, there was
no evidence of an association between breast cancer incidence and residence
near a municipal solid waste landfill in Montreal, Canada (38).

To date, no clear evidence in support of a causal association of general
chemical exposures in the air or drinking water with increased breast cancer
risk has emerged; much of the observed variation in rates appears to be due
to known risk factors or chance. However, more thorough individual exposure
assessments currently being performed, most notably the Long Island Study,
should add substantial information in the near future.

ORGANOCHLORINES

Epidemiologic studies of breast cancer and environmental exposures to syn-
thetic chemicals have focused on biologically persistent organochlorines. This
class of compounds includes pesticides, e.g. 2,2-bis(p-chlorophenyl)-1,1,1-
trichloromethane (DDT), chlordane, hexachlorocyclohexane (HCH, lindane),
hexachlorobenzene (HCB), kepone, and mirex; industrial chemicals, e.g.
polychlorinated biphenyls (PCBs); and dioxins (polychlorinated dibenzo-
furans (PCDFs) and polychlorinated dibenzodioxin (PCDDs)), produced as
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combustion byproducts of PCBs or contaminants of pesticides. Another indus-
trial chemical group, polybrominated biphenyls (PBBs), has also been studied.
Many of these chemicals are weakly estrogenic (26) and are therefore hypothe-
sized to increase breast cancer risk by mimicking 17β-estradiol. Furthermore,
they are excreted in breast milk, suggesting that ductal and other cells in the
breast are exposed directly. Other compounds, specifically the dioxins (50) and
some PCB congeners (121), exhibit antiestrogenic activity; therefore, despite
the established carcinogenicity of dioxin in animal tests (39), they might be
protective for breast cancer.

The organochlorines are highly lipophilic and resistant to metabolism. Thus,
many of these compounds bioaccumulate in the food chain and persist in the
body and in the environment. The concentrations of these chemicals can be
measured in breast milk, adipose tissue, and blood. Most of the epidemiologic
literature on organochlorines focuses on DDT, DDE [1,1-dichloro-2,2,-bis(p-
dichlorophenyl)ethylene, the main metabolite of DDT], and PCBs because they
are among the most persistent in humans (63). Initial and ending dates of use
of DDT and PCBs in the United States are presented in Table 1.

The general population is thought to be exposed to these compounds predom-
inantly through ingestion of fish, dairy products, and meat. Almost everyone
in the United States has had some measurable exposure; however, the average
body burden of some of these chemicals (e.g. DDT) has been decreasing with
time since the cessation of use in this country (57). The experimental and epi-
demiologic evidence of potential links to cancer has been reviewed in detail
elsewhere by Adami et al (1), Ahlborg et al (3), and Wolff and associates (120),
among others.

Ecological Studies
Several ecological studies focusing on exposure to organochlorines through
diet have been performed. Westin & Richter observe a positive correlation of
age-specific breast cancer mortality rates in Israel with trends in DDT and other
pesticide contamination in milk (119). However, they evaluated estimates based
on only two years of data. Using more extensive mortality and incidence data,
Shames and associates did not observe an association (95).

Consumption of PCB-contaminated fatty fish from the Baltic Sea on the
Swedish east coast and breast cancer has been assessed. In a cohort study
comparing breast cancer rates among fishermen’s wives from the east coast
with rates among fishermen’s wives from the noncontaminated west coast, the
relative risk was 1.35 (95%CI= 0.98–1.86) (90). However, there was no
control for other known breast cancer risk factors.

An accidental explosion in a chemical plant near Seveso, Italy, in 1976
provided the opportunity to evaluate exposure to high levels of dioxin in the
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environment. Bertazzi et al studied both mortality (10) and cancer incidence (8)
during the decade after the accident. Breast cancer incidence in the areas closest
to the accident was slightly, but not significantly, lower than expected (8).

Occupational Studies
Studies of occupational exposure to organochlorines have not supported an
association with elevated breast cancer risk. Fewer cases than expected were
observed in studies of women occupationally exposed to phenoxy herbicides
(68, 93), and PCBs (9, 15, 18). A twofold increase of breast cancer mortality
was found in facilities with herbicide and dioxin exposures (70). However,
only 7% of the participants worked in high-exposure areas. These studies are
limited owing to the difficulties of exposure assessment and the small numbers
of women employed in the occupations with greatest exposure.

Population-Based Case-Control Studies
To date, at least six small case-control studies, with between 9 and 44 breast can-
cer cases each, have evaluated organochlorine levels in adipose tissue. Although
the results have been mixed, there is a suggestion that DDE (30, 34, 76, 116),
PCBs (34, 116), HCB (30), andβ-HCH (77) levels in women diagnosed with
breast cancer are elevated compared with levels in controls. Other studies did
not observe a significant difference for DDT (24), DDE, or PCBs (110). Fur-
thermore, a recent large European case-control study (265 cases) reported a
significantly inverse trend between levels of adipose DDE and risk of breast
cancer after controlling for known breast cancer risk factors; the authors did
not evaluate PCBs (112a). No difference was found between cases and con-
trols for most isomers of the dioxins, PCDDs and PCDFs. However, in one
study, contrary to expectation, the levels of octachlorinated dibenzo-p-dioxin
(OCDD) were slightly elevated in the cases (45).

There is some evidence of an association of DDE levels with estrogen-re-
ceptor status in breast tumors. Dewailly et al observed a statistically significant
elevation in DDE levels among estrogen receptor-positive cases (n= 18) only
(30), and the estrogen receptor concentrations were significantly correlated with
levels of DDE (29). Total PCBs were nonsignificantly elevated in estrogen
receptor-positive cases (30).

Three prospective studies have used stored blood samples collected prior
to diagnosis to evaluate the relationship between DDE and total PCBs with
breast cancer (56, 122). Results have been inconclusive. In a cohort in New
York City of 14,290 women (80% of whom were Caucasian), levels in sera
from 58 women diagnosed within 1–6 months of blood collection in 1985 to
1991 were compared with levels among 171 controls. Mean levels of DDE
were 35% higher in cases than controls (p= 0.03) and mean levels of total
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PCBs were 15% higher in cases (p= 0.06). In conditional analyses, adjusting
for family history of breast cancer, lifetime lactation, and age at first full-term
pregnancy, the odds ratio for the tenth decile of DDE compared to the first was
4.08 (95%CI= 1.49–11.20), and the positive trend was statistically significant.
The equivalent odds ratio for PCBs was not statistically significant (OR= 1.70,
95%CI = 0.79–3.68).

In another prospective study, Krieger et al examined sera selected from a
cohort of 57,040 San Francisco Bay Area women who had provided blood in
the late 1960s, when DDT and PCBs were still in production (56). From a large
number of incident cases diagnosed more than six months after blood draw
and prior to 1991, 50 white, 50 African American, and 50 Asian cases were
selected and compared with 150 age- and ethnicity-matched control women.
Conditional logistic analyses comparing the third tertile of DDE to the first and
the third tertile of PCBs to the first, controlling for breast cancer risk factors,
did not indicate an increased risk associated with either compound when all
ethnic groups were combined (DDE: OR= 1.33, 95%CI= 0.68–2.62; PCBs:
OR = 0.94, 95%CI= 0.48–1.84). However, ethnicity-specific analyses indi-
cated nonsignificant elevated risk associated with DDE for African Americans
and whites (African Americans: OR= 3.85, 95%CI= 0.93–16.05; whites:
OR = 2.38, 95%CI= 0.54–10.64).

Hunter et al measured plasma levels of DDE and PCBs prospectively among
236 cases and their matched controls in the Nurses’ Health Study (described
previously). Bloods were collected in 1989 to 1990, at least 1 month before
disease diagnosis. There was no evidence of a positive association of breast
cancer with either DDE or PCBs. The multivariate relative risks for women in
the highest quintile compared to women in the lowest were 0.72 (95%CI=
0.37– 1.40) for DDE, 0.66 (95%CI= 0.32–1.37) for PCBs. For women in the
highest quintiles of both DDE and PCBs the relative risk was 0.43 (95%CI=
0.13–1.44) for joint exposure (50a).

An additional prospective study focused on environmental exposures to poly-
brominated biphenyls (PBBs). This case-control study is nested in a Michigan-
based cohort of 1925 women enrolled in a PBB registry because of exposure
to PBB-contaminated meat and dairy products. Serum PBB levels in 20 breast
cancer cases were elevated compared to 290 matched controls (47). The odds
ratio for women with serum PBB levels greater than or equal to 2 ppb com-
pared with women with lower serum PBB levels was 3.3 (95% CI= 0.9–11.4);
however, there was no evidence of a dose-response relationship.

Research in this area is ongoing and a number of analyses should be available
in the next 1–2 years. In a preliminary report from Buffalo, New York, Moysich
et al evaluated lipid-adjusted serum levels of DDE, HCB, Mirex, and total PCBs
among 154 incident breast cancer cases and 192 community controls. There
was no evidence of a positive association between any of these compounds
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and breast cancer risk with the possible exception of lower chlorinated PCBs
(OR = 1.66, 95%CI= 0.99–2.88) (75). However, among women who had
never breast fed there was a suggestion of increased risk of breast cancer,
with higher serum levels of total PCBs (OR= 2.92, 95%CI= 0.95–11.35).
The odds ratio was even higher when the PCBs considered were restricted to
higher chlorinated congeners (OR= 4.15, 95%CI= 0.99–10.55) (74). Lopez-
Carrillo and coworkers analyzed serum DDT levels in a case-control study in
Mexico, where the pesticide is still in use (66). The results were not consistent
with an increased risk of breast cancer due to DDT exposure; the odds ratio
comparing the first tertile with the third was 0.97 (95%CI= 0.55–1.70).

In summary, most of the recent large studies have not found evidence of
increased breast cancer risk associated with blood levels of DDE or total PCBs.
The possibility that a positive association might be limited to women with
particular reproductive characteristics [e.g. women who have never breast fed,
as observed by Moysich (74)] should be examined carefully in the large ongoing
studies. Nonetheless, it appears that these environmental exposures are unlikely
to be responsible for rising breast cancer rates.

IONIZING RADIATION

The carcinogenic effects of ionizing radiation in general and the sensitivity
of breast tissue to radiation are well established. Radiation is ubiquitous in
the environment from natural sources, which include cosmic rays, terrestrial
radiations influenced by the distribution of radioactive elements in the soil,
and internally deposited radionuclides, such as radon. The average annual dose
to the US population from these natural background sources is approximately
3 mSv (millisievert) per year (80). Health effects associated with low exposures
are difficult to evaluate, because the levels are hard to measure and it is hard
to find an unexposed group. However, single large-dose exposures to ionizing
radiation from the atomic bomb blasts in Hiroshima and Nagasaki, and repeated
exposures from therapeutic regimes, such as treatment for tuberculosis, post-
partum mastitis, and cervical cancer, are an established cause of breast cancer.
A linear dose response is consistently observed, with relative risks as high as
6.4 reported for exposure to at least 4 Gy (gray) (see References 12, 53 for
comprehensive reviews).

Estimates of the effects of low doses have been extrapolated from the results
of the atomic bomb and medical radiation studies (12, 79). Based on this
literature, Boice and associates estimated that the relative risk of breast cancer
mortality associated with 1 Gy of radiation ranges from 1.1 to 2.7 (depending
mainly on age distributions and follow-up times), and the excess risk ranges
from 3.5 to 18× 104 person years/Gy (12). There is convincing evidence that
age at exposure influences the relative risk. The excess risk decreases with
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increasing age at exposure; the highest relative risks are observed for women
exposed between the ages of 10 and 20, and there is little risk for those greater
than 40 (102).

There is little reliable evidence of an increased risk of breast cancer due to
occupational exposures to radiation. A potential cluster of breast cancer cases
was identified at a nuclear facility in Washington State, but a case-control study
did not elucidate any significant association with cumulative radiation dose
(113). Exposure to both internal and external radiation has been evaluated in
radium dial workers. Breast cancer incidence was elevated in exposed women
employed before 1930 (2); however, the incidence did not decrease coincident
with a decrease in radium intake levels (97). An additional study observed a
statistically significant unadjusted excess risk of breast cancer for women ex-
posed in their 20s to at least 0.2 Gyγ -rays externally (SIR= 1.44) (6). Airline
attendants are also exposed to gamma radiation. In a Finnish study, an elevated
risk of breast cancer (SIR= 1.87; 95%CI= 1.15–2.23) was observed; how-
ever, the authors themselves argue that residual confounding by socioeconomic
status and parity could explain these results (86). In a case-control study of
women employed as radiologic technologists, breast cancer risk was not asso-
ciated with personal exposure to radiation as defined by job history and length
of employment (13, 31).

There has been no evidence of excess breast cancer mortality among the
general population from low-dose environmental radiation exposures such as
fallout from nuclear weapons testing and nuclear installations (79). Ecological
studies comparing breast cancer incidence in the five years before and the
six years after the Three Mile Island accident (7) and in Iowa counties with
estimated high and low home radon exposure (81) also did not report an excess
risk.

Radiation is a known breast carcinogen, and high doses associated with
medical exposure at a young age can lead to large relative risks. However,
occupational studies have been inconclusive. Furthermore, there is no evidence
of increased risk associated with exposures experienced by the general public,
even in areas known to have elevated radiation levels due to industrial accidents
or nuclear activities.

ELECTROMAGNETIC FIELDS

The electrification of America began in 1880 with nighttime street lighting
systems, and by the beginning of the 1930s, many electrical appliances had
been introduced into the home. Use of electric power grew steadily throughout
the century, approximately 7% to 13% per year, until the 1970s (108; see Table 1
for more historical information).
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Alternating currents from electric power facilities and household appliances
produce electric and magnetic fields (i.e. electromagnetic fields, EMF) in the
extremely low-frequency range (60 Hz in the United States, 50 Hz in European
countries). Exposure to environmental lighting in the visible range of the spec-
trum (20) and low-level EMF (98) have been hypothesized to increase the risk
of breast cancer due to a decrease in the secretion of the hormone melatonin and
a subsequent increase in circulating estrogens. In seasonal breeding mammals,
melatonin, which has a distinct circadian rhythm, relays environmental cues
to the reproductive system by regulating the release of prolactin, estrogen, and
testosterone (100, 123). In addition, melatonin has been identified as a hydroxyl
radical scavenger; thus, its suppression could result in increased carcinogenesis
due to increased oxidative damage (87). Although there is little experimental
human evidence, in vitro and in vivo studies in animals have demonstrated a
link among EMF, melatonin, and breast cancer (5, 62; reviewed in 61, 67).

Occupational Studies
To date, most of the epidemiologic studies of EMF exposure and breast can-
cer have evaluated risk in populations employed in electrical occupations (e.g.
electricians, telephone linemen, communication workers, railroad workers, and
power plant operators). The results have been inconsistent. Evidence of an
elevated risk of male breast cancer associated with presumed occupational
EMF exposure based on job title has been observed in four cohort studies
(28, 35, 71, 103), with measures of association ranging from 1.2 to 6.5. Loomis
et al (64) observed similar results for younger (based on 1 case) but not for
older men. Because male breast cancer is a relatively rare disease, these results
are based on small numbers of cases and are therefore very unstable. In a large
cohort study of cancer incidence in Denmark, occupational codes from the cen-
sus were grouped according to probable exposure to type and level of EMF
exposure. The risk of breast cancer in men associated with exposure to contin-
uous magnetic fields greater than 0.3 mT (micro-tesla) was elevated slightly,
although confidence intervals were wide (SIR= 1.4; 95%CI= 0.2–4.9) (43).
Other cohort studies of general male cancer mortality (42, 83, 111) and inci-
dence (112) have not reported any male breast cancer cases. Rosenbaum and
coworkers in a New York State–based case-control study did not observe an
elevated risk of male breast cancer incidence associated with occupational EMF
exposure (89). A case-control study of electric utility workers in three facili-
ties in Canada and France observed too few cases to perform a formal analysis
(101). No evidence of an increased risk of breast cancer was observed in the
cohort studies, which also included female employees (43, 111, 112).

Four case-control studies were designed specifically to study occupational
exposure to EMF and breast cancer in women (Table 2). Loomis and coworkers
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(65) observed a statistically significant 40% excess risk of breast cancer mortal-
ity among women in electrical occupations. In an independent study using the
same database with an additional year of follow-up and more detailed exposure
assessment, Cantor et al evaluated level and probability of exposure separately
for extremely low frequency fields (ELF) (17) and EMF in the radiofrequency
range (18). These researchers did not observe an association of breast cancer
mortality with higher levels of exposure to ELF fields (17). They did find a
small, statistically significant risk elevation for the highest level of exposure to
radiofrequency EMF among white and African American women, but no evi-
dence of a dose response (18). Coogan and associates obtained information on
usual occupation, job duties, and breast cancer risk factors from telephone in-
terviews (23). Like Loomis, they reported a statistically significant 40% excess
risk of breast cancer associated with exposure.

In all of the above studies misclassification of exposure is a major concern.
The exposure classifications are based on the subjects’ “usual” occupation, often
obtained from death certificates. Many assessments relied on groupings of job
titles with heterogeneous exposures. Duration, timing, and an individual’s per-
sonal work tasks could not be accounted for in most of the studies, and with the
exception of small sub-studies performed in conjunction with four of the anal-
yses (35, 43, 71, 101), no actual EMF measurements were obtained. However,
any misclassification that does occur will most likely be nondifferential, result-
ing in an attenuation of the relative risks. With the exception of the Coogan
study (23), adjustment for known breast cancer risk factors was limited.

Other Epidemiological Studies
The general population is exposed to EMF primarily from power lines, trans-
former substations, and electrical appliance use. In a 1987 study of mortality
from all cancer subtypes and residential wiring configurations, Wertheimer &
Leeper observed a statistically significant elevation in female breast cancer in-
cidence associated with magnitude of exposure at the current residence (118).
Cohort studies in Britain (72) and the Netherlands (94) did not observe an as-
sociation between female breast cancer deaths and residence in the vicinity of
electricity transmission facilities. A case-control study in Taiwan also did not
report any elevation in female breast cancer incidence with exposure to EMFs
determined either from distance of the residence to transmission lines or from
estimated magnetic field levels (60). Again, there are potential problems with
nondifferential exposure misclassification in these studies. Individuals spend
varying amounts of time at home, actual EMF exposure decreases quickly with
distance from the source, and the residence evaluated may not be relevant in
terms of the timing of disease initiation or onset.
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Use of electric blankets produced before 1990 throughout the night was
estimated to double an individual’s average exposure to EMFs (36, 85). Fur-
thermore, exposure typically takes place at night when the natural melatonin
peak occurs and the blanket is placed close to the body. Vena and cowork-
ers performed a case-control study focusing on exposure to electric blankets
(114, 115). They found that the use of electric blankets continuously through-
out the night was associated with a nonstatistically significant increase in post-
menopausal breast cancer (OR= 1.46, 95%CI= 0.96–2.20) (115) and for
premenopausal breast cancer (OR= 1.43, 95%CI= 0.94–2.17) (114) com-
pared to never users. Additional studies of electric blanket exposure and other
residential exposures to EMF and breast cancer risk are ongoing.

PASSIVE SMOKING

Few studies have evaluated the relationship between passive smoking and breast
cancer. Like mainstream smoke, sidestream smoke contains ammonia, volatile
amines, volatile nitrosamines, nicotine decomposition products, and aromatic
amines. Data from animal models have suggested that sidestream smoke con-
tains more carcinogenic activity per milligram than does mainstream smoke
(109). Therefore, passive smoke inhalation can represent a measurable source
of exposure to these carcinogens.

There is a suggestion that women married to smokers experience a modest
increased risk of breast cancer. A cohort study of cancer mortality among
Japanese women reported a possible risk elevation (crude RR= 1.3, 95%CI
= 0.8–2.0) (49, 117). In a case-control study, Sandler and coworkers observed
an odds ratio of 1.8 (95%CI= 1.0–3.7), adjusted for age and education (91).
They also observed a significant linear trend with number of household exposure
sources (92). Wells combined the data from the Hirayama and Sandler studies
and estimated a 40% elevation of breast cancer risk associated with living with
a smoker (117). Results from two recent case-control studies with extensive
evaluation of lifetime exposures to passive smoke and of potential confounding
by breast cancer risk factors, including alcohol consumption, are consistent with
an increased risk. Smith et al observed an approximately threefold increase of
breast cancer among young women (<36 years) passively exposed to greater
than 400 cigarette-years (OR= 2.7, 95%CI= 1.1–6.6). However, there was
no evidence of a dose-effect (96). Morabia and associates observed a similar
elevated OR for ever exposed versus never exposed women aged 30–75 at
diagnosis (OR= 3.2, 95%CI= 1.7–5.9) (73).

Despite these positive associations, and despite the differences in chemical
composition of environmental and direct smoke, the great majority of studies
of direct smoking and breast cancer have not observed any association. It is
difficult to reconcile the absence of an effect of heavy smoking for decades
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with an effect of exposure to much lower amounts of environmental smoke.
However, this association should be studied further in some of the large ongoing
breast cancer studies.

OVERALL DISCUSSION AND CONCLUSIONS

In general, the state of the evidence does not support a substantial relationship
between the environment and breast cancer risk. Breast cancer mortality and in-
cidence varies modestly throughout the country. However, lifestyle patterns in-
fluencing reproductive breast cancer risk factors explain a large proportion of the
differences, and are therefore more likely to be responsible for this pattern than
differences in widespread regional level environmental pollution. Results from
studies of exposure to organochlorines have been inconclusive; the most recent
evidence in prospective analyses does not support an association with breast
cancer risk. Ionizing radiation is a known risk factor for breast cancer, but the
levels to which the general population is exposed are too low to cause an effect.
Occupational studies of EMF exposure have been inconclusive; however, resi-
dential studies imply that there is no risk associated with overhead power lines.
Electric blanket users might experience some increased risk over nonusers, but
these results require replication. Women exposed to passive smoke could exp-
erience an increased risk of breast cancer, but there is no evidence of a dose-
effect, and results from studies of direct smoking are not as strong.

Ambient environmental exposures are difficult to measure, and in general
levels are low. It is possible to miss a real effect due to nondifferential mis-
classification of exposure. Furthermore, the exposure definitions commonly
used might be inaccurate. For example, most studies have grouped the PCB
congeners together and evaluated exposure to “total PCBs.” Some of these
congeners show evidence of antiestrogenic activity. Therefore, including them
with estrogenic congeners could mask a causal relationship. Also, these studies
may not be evaluating exposure at the appropriate time in the development of
breast cancer; exposures early in life or in utero might be more relevant.

The four pollutants discussed here have been considered as potential breast
cancer risk factors based on biological hypotheses. It is possible that there
are other environmental exposures that have not been identified that warrant
evaluation. Further study utilizing better exposure assessment and focusing on
timing of exposures is needed. However, based on current evidence, with the
exception of ionizing radiation, no environmental exposures can be confidently
labeled as a cause of breast cancer.
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