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Abstract An epidemiological study was performed in Santafé de Bogota, Colombia, with a
total of 306 women enrolled, including 153 incident BC cases and 153 age-matched controls.
The objective of this study was to evaluate the association between BC risk and serum
dichlorodiphenyl-dichloroethene (DDE) levels. Sociodemographic and reproductive data, diet,
and past exposure to pesticides were obtained through a structured questionnaire. Chemical
analysis of samples was performed by high resolution gas chromatography-ECD. Likelihood of
developing BC by exposure to these substances was evaluated through odds ratios (OR) adjusted
for: first-child breast-feeding, family BC history, body mass index (BMI), parity, and menopausal
status. Data analysis was performed by conditional logistic regression techniques. Adjusted OR
for exposure to serum DDE and BC suggests an increase risk of BC in the higher category of DDE
exposure (OR =1.95; Cl 1.10-3.52). The test for trend was not statistically significant (p = 0.09).
We confirm that serum DDE levels bear a positive association to risk of BC and could support the
association between risk of BC and burden of DDE exposure.

Key words Breast Neoplasms; Environmental Exposure; Pesticide Exposure; Logistic Regres-
sion; Case-Control Studies

Resumo Em estudo epidemioldgico realizado em Santa Fé de Bogota,Coldmbia, 153 casos inci-
dentes de cAncer de mama (CM) foram comparados com 153 controles, pareados por idade. O
objetivo deste estudo foi avaliar a associacdo entre o risco de CM e niveis séricos do pesticida
DDT (DDE). Dados reprodutivos e sécio-demograficos, caracteristicas da dieta e informagéo so-
bre exposicdo pregressa a pesticidas foram obtidos por meio de questionério. A anélise quimica
de amostras de sangue foi realizada através de cromatografia a gaz de alta resolugcdo — ECD. A
verossimelhanca de desenvolver CM como decorréncia de exposi¢ao a estas substancias foi ava-
liada através de odds ratios (OR), obtidas por técnicas de regresséo logistica condicional, ajusta-
das para amamentac&o do primogénito, historia familiar de CM, indice de massa corporal,pari-
dade e presenca de menopausa. As OR ajustadas sugerem um risco aumentado de CM no estrato
de maior exposi¢ao a DDE (OR = 1,95; C.1. 1,10-3,52),embora o teste de tendéncia fosse estatisti-
camente nao significativo (p = 0,09). Os resultados encontrados constataram que 0s niveis séri-
cos de DDE estéo positivamente associados com o risco de CM, e poderiam apoiar a hipoétese des-
ta associacao.

Palavras-chave Neoplasias Mamarias; Exposi¢cdo Ambiental; Exposi¢do a Praguicidas; Regres-
sdo Logistica; Estudos de Casos e Controles
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Introduction

Breast cancer (BC) is the most common can-
cer among women and is a growing problem
(World Cancer Research Foundation/American
Institute for Cancer Reserach, 1997). In Colom-
bia it is the second leading cause of cancer-re-
lated deaths among women, as it is for Ameri-
can women (Instituto Colombiano Nacional de
Cancerologia, 1990). Inherited mutations in the
BRCA1 or BRCA2 genes, increasing age, early
menarche, late menopause, nulliparity, primi-
parity after age 30, personal or family history of
BC, and possibly high-fat diet are the best doc-
umented risk factors to date. Mortality rates are
falling among white women, especially those
under 65 years of age, even in South American
countries (World Cancer Research Foundation/
American Institute for Cancer Reserach, 1997).
It has been suggested that some chemical con-
taminants such as DDT-related compounds,
which possess estrogenic activity (as xenobiotic
estrogens), could be associated with the inci-
dence of this type of tumor (Wolff & Weston,
1997; Wolff et al., 1993; Krieger et al., 1994). The
alternative estradiol pathway yields the geno-
toxic 16 alpha-hydroxyestrone (16 alpha-OHE1),
which enhances breast cell growth, increases
unscheduled DNA synthesis, and oncogene and
virus expression and increases anchorage-inde-
pendent growth (Wolff & Weston, 1997; Dauvis et
al., 1993). Epidemiological studies comparing
exposure to DDT and BC are inconclusive
(Wolff et al., 1993; Krieger et al., 1994; Hunter
etal., 1997; Van't Veer et al., 1997; Dewailly et
al., 1994; Loépez-Carrillo et al., 1997), probably
because they have been performed in popula-
tions among whom DDT use has been prohibit-
ed for over 20 years (Wolff et al., 1993; Krieger et
al., 1994; Hunter et al., 1997; Van't Veer et al.,
1997; Dewailly et al., 1994). In Colombia DDT
was used until 1986 in agriculture, principally
for the production of cotton, rice, and flowers
for export and has been restricted for vector
control since 1994 (Wolff et al., 1993; Krieger et
al., 1994; Hunter et al., 1997; Van't Veer et al.,
1997; Dewailly et al., 1994). Some studies in
Colombia have shown the presence of DDT and
DDE levels in fish and animal tissues, water,
and some foods (Ministerio de Salud de Co-
lombia, 1992). In this context, an evaluation is
needed of the potential effect of organochlo-
rine pesticides on populations with higher ex-
posure levels than those studied to date. The
aim of the present study was to assess the asso-
ciation between BC and DDE (dichlorodiphenyl-
dichloroethene), an organochlorine pesticide,
in a group of Colombian women.
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Materials and methods
Subjects

A hospital case-control study was carried out
in Bogota, Colombia, from July 1995 to Febru-
ary 1996. Cases included 164 histologically
confirmed incident BC patients identified in
the main hospital of the capital city (Colom-
bian National Cancer Institute), and those with
no clinical indication of distant metastases at
discharge were included. An age-matched con-
trol (2 years) was selected for each case from
a similar hospital that provides care for non-
cancer patients from San Juan de Dios: Hospi-
tal Out-Patient Services: (Urology, Ophthal-
mology, Internal Medicine, and Ear, Nose, and
Throat Departments). From a total of 328 pa-
tients interviewed, chemical analysis of blood
samples was obtained for 306 participants, and
the results are presented in this paper. Three
questionnaires were used in the interviews with
participants prior to signing the informed con-
sent. The first questionnaire explored socioeco-
nomic and reproductive characteristics, family
and patient health history, and occupation. The
second focused on diet, and the third explored
prior pesticide-related and occupational expo-
sure. Sample size was calculated to detect twice
the risk for the factors to be evaluated, with a
power of 80% and confidence level of 95% when
such differences existed (Breslow & Day, 1980).

Blood samples

A 10 ml blood sample was obtained from each
woman, using sterile vacutainers. We obtained
the serum by centrifugation and stored it in
glass vials (prewashed with hexane) covered
with a Teflon cap. Serum specimens were kept
in frozen storage at the National Oncology In-
stitute in Bogota at -70C during the study peri-
od. Blood samples were drawn prior to any
chemotheraphy in the cases.

Chemical analyses

Organochlorine compounds (DDT and metabo-
lites DDD and DDE) were analyzed by high
resolution gas chromatography-ECD following
USA Environmental Protection Agency recom-
mendations. A 2 ml serum sample was trans-
ferred to a 15 ml test tube and 6ml hexane were
added. Extraction was performed for 2 hoursin
a low-speed rotator mixer. Transfer of 5ml hexa-
ne extract was made to a 4 ml vial and evaporat-
ed with nitrogen steam. One microliter was an-
alyzed by electron capture high resolution gas



chromatography under standard conditions
(Dale et al., 1996). Chemical results were report-
ed on the basis of volume (ng/ml or ppb). DDE
detection limit was 0.10 part per billion (ppb).
In addition, laboratory personnel were blind to
the healthy-versus-diseased status of the sam-
ples, so as not to bias measurement of exposure.

Statistical analysis

Data analysis was performed using STATA 5.0
software (Texas University). Although skewed
distributions of DDE required log-transforma-
tions in data analysis, results are presented on
their original scales. Center-adjusted means
were calculated for DDE and major risk factors
for BC, and the Wilcoxon matched-pairs signed
ranks test was used for non-parametric com-
parisons of median concentrations and the
matched test for the mean comparisons. Odds
ratio (OR) was used as the principal measure of
association. To identify potential confounders,
mean levels of risk factors for BC were com-
pared among tertiles of DDE concentration in
controls: BMI (kg/m2), parity, first-child breast-
feeding (months), cumulative breast-feeding
(months), family history of BC, and socioeco-
nomic conditions. OR and 95% CI for BC were
obtained from multivariate conditional logis-
tic regression analysis (maximum likelihood
ratio test) (Breslow & Day, 1980), modeling
DDE first in tertiles and as a continuous vari-
able, comparing risk for subjects in the first
and last tertile. Test for trend was conducted
through the exact test for trend (modified
Wilcoxon test for trend), and we included the
continuous DDE variable in the saturated mod-
el (p value for trend). Interaction terms be-
tween DDE and BMI, parity, cumulative breast-
feeding (months), prior family BC, and geo-
graphic origin prior to 15 years of age (rural,
periurban, or urban) were tested, but none ap-
peared to be statistically significant. Other au-
thors have adjusted the models to some of
these variables (Wolff et al., 1993; Krieger et al.,
1994; Hunter et al., 1997; Van't Veer et al., 1997,
Dewailly et al., 1994; Lépez-Carrillo et al.,
1997), making our results more comparable.

Results

The case-control DDE analysis included 153
women with BC and 153 healthy matched con-
trols. Age of women enrolled in the study var-
ied from 26 to 75 years, with a mean age of 50.
Table 1 describes adjusted reproductive risks
associated with BC, and risk factors associated
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with the event were found to be nulliparity as
compared to women with over three children,
age at first childbirth (over 25 as compared to
under 20), and family history of BC. Protective
factors for BC included first-child breast-feed-
ing and cumulative breast-feeding; the latter
provided 70% protection as compared to those
that had children but had not breast-fed (OR =
0.30; C1 0.14-0.64). We also found that socioe-
conomic level determines life styles and repro-
ductive events in women, based on which we
calculate that middle class women present a
risk of BC 3.82 times higher than low-income
women. BMI was associated with the disease,
but was not statistically significant. Early
menarche was assessed as a possible risk factor
for this neoplasm. Mean age at menarche was
13 years and there was no positive association
with BC in the study population.

As for the questionnaire including indirect
exposure to pesticides, we found that women
referring frequent (weekly) past use of pesti-
cides/insecticides had a BC risk of 1.88 (ClI
0.90-3.55) as compared to those using such
substances very rarely (few times a year). Risk
for women using insecticides monthly to quar-
terly was 1.33 (Cl 0.75-2.36) as compared to
those using them only very rarely. The most fre-
quently used insecticide group was the carba-
mates, followed by pyrethroids and then
organochlorines, generally used inside the
home without any kind of individual protec-
tion (data not shown). Such data could be con-
sidered surrogates for organochlorine use.

Table 2 shows mean serum pesticide. Total
population mean DDE was 2.90 ppb, and mean
serum pesticide was higher in cases (3.30 ppb)
as compared to controls (2.90 ppb), reaching
statistical significance in the comparison of the
means transformed into natural logarithms.
The difference in the medians between the cas-
es and controls also proved to be statistically
significant, and this association was only
maintained for premenopausal women with
the data stratified for menopausal status.

Table 3 describes the adjusted odds ratio for
the effect of DDE on BC in the Colombian pop-
ulation. Risks for BC in the case group were
higher than those in the controls, but only for
the last tertile as compared to those with lowest
exposure (adjusted OR =1.95; Cl 1.10-3.52). Up-
on stratifying the data according to menopausal
status, the association disappears between en-
vironmental exposure to organochlorine pesti-
cides and the risk of developing this type of
neoplasm, as shown in table 3. On the other
hand, we did not find a linear trend for this as-
sociation in any case (p value for trend > 0.05).
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Table 1

Adjusted Odds Ratios for the reproductives variables and the breast cancer risk in the colombian women.

Suspected factor OR Cl95% Value p5
Age at menarche (years)*

8-13 1.02 0.50 - 2.14 0.40

14-15 1.42 0.82 -2.50 -

316 1.0 - -
Parity**

Yes 2.34 1.1-5.44 0.001

No 1.0 - -
Age at birth first child*

325 3.1 1.21-3.0 -

20-25 1.56 0.84 - 2.60 0.636

< 20 1.0 - —
Breast feeding at first child (months)*

13-max 0.76 0.30-1.90 -

1-12 0.60 0.24-0.14 0.40

0 1.0 - -
History of lactation lactation (months)**

324 0.63 0.30-1.25 -

1-23 0.30 0.14 -0.64 0.001

0 1.0 - -
Familial breast cancer*

Yes 8.0 2.0-34.0 -

No 1.0 - -
Place of origen before 15 years*

Area rural 2.35 1.32-4.20 -

Area suburban 3.0 1.16 - 7.22 -

Area urban 1.0 - -
Quetelet index (Kg/m2)*

3 30 1.20 0.91-3.0 -

25-29 1.60 0.62 - 2.30 0.96

24 1.0 - -
Menopausal status

No 1.0 - -

Yes 0.62 0.22-1.73 -

OR = Odds ratio; CI95% = confidence Intervals, p5 = value for trend, n = 306.

* Adjusted for: familial breast cancer, place of origen before 15 years (rural, suburban, urban), breast
feeding at first child (months), parity, Quetelet index, age at birth first child and menopausal status.
** Adjusted for: familial breast cancer, place of origen before 15 years, Quetelet index, age at birth

first child ad menopausal status.

The fundamental difference of a 95% excess
risk for cases as compared to controls was
found in the final tertile, where the highest lev-
els are observed, especially among younger
women. The association between DDE and BC
in this group of Colombian women was similar
within strata of age at birth of first child, parity,
and history of breast-feeding, as well as geo-
graphic origin prior to 15 years of age.

Discussion
DDT and metabolites have been called “en-

docrine disrupters” because evidence suggests
that they can disrupt the endocrine system and
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contribute to the development of BC (Wolff &
Weston, 1997; Wolff et al., 1993; Dauvis et al.,
1993; MacLachlan & Arnold, 1996; Allen et al.,
1997; Wolff & Landrigan, 1994; Hansey, 1994).
One way DDT influences BC risk is by increas-
ing the production and circulating blood levels
of certain types of estrogens (Wolff & Weston,
1997; Davis et al., 1993; Allen et al., 1997; Wolff
& Landrigan, 1994). In this sense, DDT may act
as a promoter of breast tumors induced by oth-
er carcinogens (Wolff & Weston, 1997). The ob-
servation that DDT could behave as an estro-
gen provided a framework for the understand-
ing that chemicals not specifically designed to
have hormonal activity may in fact display it
(MacLachlan & Arnold, 1996). In this sense, we



Table 2
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Plasma levels of DDE among case patients ad controls in the columbian study.

DDE (ng/ml)* Case patients Mean (+ SD) value Median value p**

and controls (n)

Entire study population
Case patients 153
Controls 153

Menopausal status

Premenopausal
Case patients 60
Controls 60
Postmenopausal
Case patients 93
Controls 93

3.30+4.12 1.60 0.025
2.50 + 3.60 0.94 -
3.02 +£4.35 1.46 0.040
2.1+2.80 0.80 -
3.45+3.0 1.72 0.22
3.0+4.03 1.10 -

* Values were transformed to log (DDE).
** Wilcoxon matched - Pairs signed-ranks tes.
n =306

Table 3

Adjusted Odds Ratio for the effect of DDE on breast cancer in the columbian women.

DDE (ng/ml) serum levels Cases Controls OR* Cl 95% OR** Cl 95% p- value***

Total study population

0.10-0.14 39 55

0.15-1.96 45 47

1.97-19.2 69 51
Premenopausal

0.10-0.14 15 22

0.15-2.06 20 21

2.07-19.2 25 17
Postmenopausal

0.10-0.19 24 33

0.20-1.90 25 26

0.91-19.0 44 34

1.0 1.0 -
1.26 0.72-2.22  1.20 0.64-2.25 0.09
1.821.10-3.10 1.951.10-3.52 -

1.0 1.0 -
1.25 0.54-3.0 1.40 0.55-3.43 0.08
1.84 0.82-4.13 2.46 0.96-6.30 -

1.0 1.0 -
1.30 0.60-3.0 1.14 0.50-2.75 0.24
1.81 0.90-4.0 1.850.84 -4.05 -

* Matched pairid by age.

** Adjusted for breastfeeding at first child, familial history of BC (yes/no), parity
(as continuous variable), Quetelet index (Kg/mt2), menopausal status (yes/no).

*** p-value for trend (Wilcoxon rank-sum test for trend).
n =306

found a risk association between BC and DDE
serum levels for high DDE burden (i.e., the
highest tertile compared to the lowest). We
confirm that serum DDE levels bear a positive
association with duration of breast-feeding,
BMI, and age, as in previous studies (Wolff et
al., 1993; Krieger et al., 1994; Hunter et al.,
1997; Lopez-Carrillo et al., 1997). The same au-
thors confirm that the longer the cumulative
duration of breast-feeding and in some cases

the greater the woman’s parity, the lower the
serum pesticide levels. In the opposite direc-
tion, increased age and BMI were associated
with greater accumulation of DDE in serum
and adipose tissue (Hunter et al., 1997; Van't
Veer et al., 1997; Dewailly et al., 1994; L6pez-
Carrillo et al., 1997). With regard to menopausal
status and serum pesticide concentrations, the
results did not allow for a precise assessment,
due to the diversity of results; on the other
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hand, BC risk due to DDE exposure has been
demonstrated for hormone-responsive breast
cancers (Lopez-Carrillo et al., 1997). In the
current investigation, upon stratifying for
menopausal status, a stronger association was
shown between the disease and higher concen-
trations of DDE for both premenopausal and
postmenopausal women, but without reaching
statistical significance; the risk was slightly
higher in younger women. In an aggregate
evaluation of the study group (n =306), a BC
risk of 2 times was shown for the high exposure
category (see table 3). The reason the values
suggest higher exposure in younger women is
probably that we are evaluating the damage to
undifferentiated cells in younger women, with
greater exposure due to delayed primiparity,
shorter cumulative breast-feeding, and greater
use of hormonal contraceptives, added to the
presence of DDE at earlier stages in life (Kelsey
etal., 1993; Wolff et al.,1993) in addition to the
fact that DDE could contribute to an increase
in circulating estrogens resulting from a sum-
mation of exposures (both endogenous and
environmental). In the case of postmenopausal
women, the action mechanism of DDE may be
more related to the increase in circulating es-
trogens, along with peripheral production of
the same (Kelsey et al., 1993). We can thus con-
clude that the effect of DDE can potentiate tra-
ditional risk factors, especially in younger
women (Wolff & Weston, 1997). Our results are
consistent with and similar to those presented
by other authors (Wolff et al., 1993; Krieger et
al., 1994; Hunter et al., 1997; Dewailly et al.,
1994; Lépez-Carrillo et al., 1997). In this sense,
61% of our DDE values were below 5.2 ppb,
similar to the levels reported by Lépez-Carrillo
etal. (1997), according to whom out of the total
serum DDE observed in their subjects, 77% (as
compared to 46% in Wolff et al., 1993) were be-
low this figure, corresponding in turn to the
second quintile from the study by Krieger et al.
(1994); in the latter, on the contrary, none of
the study subjects had serum DDE values low-
er than 5.2 ppb. In Colombia, both the mean
and the range of DDE concentrations were not
as high as those reported by previous studies
(Colombia mean for cases was 3.30 ppb as com-
pared to 11.0 ppb in Wolff et al. and 4.75 ppb in
Mexico). Our results confirm the hypothesis
raised by Wolff et al., with similar characteris-
tics in the pattern of the results (Wolff et al.,
1993). The pesticide values reported for Colom-
bia were lower, but this is explained by the fact
that Colombian women reflect more recent ex-
posures, and as has been documented it is a
country where the use and production of DDT

Cad. Saude Publica, Rio de Janeiro, 14(Sup. 3):125-132, 1998

has declined dramatically (Ministerio de Salud
de Colombia, 1992) as compared to other Latin
American countries (Yuan et al., 1995). In order
to approach the differences found in these
studies as compared to the current investiga-
tion, one should consider the variability of the
participants’ sociodemographic characteris-
tics, since these in turn determine reproductive
patterns, diet, life styles, and family history of
BC in women in the different geographic areas
studied (i.e., Europeans versus Mexicans and
Americans versus Colombians). One of these
differences pertains to diet; it has been well-
documented that women with a diet rich in
phytoestrogens, antioxidants, and carotenes
(vegetables, especially leafy vegetables, and
fruits) are at lower risk of BC as compared to
women with diets rich in protein and animal
fat (World Cancer Research Fundation/Ameri-
can Institute for Cancer Reserach, 1997; Willet,
1997; Yuan et al., 1995; Goodman et al., 1997).
The latter can be considered intervening fac-
tors in the bioaccumulation of pesticides and
increased risk of developing BC. Likewise, ex-
posure to pesticides in general (and especially
DDE) varies, even among Latin American coun-
tries (Finkelman et al., 1994). The Mexican study
concludes that there was no association be-
tween BC and exposure to organochlorines with
asmaller sample size than that used in the cur-
rent study and other recent ones (Hunter etal.,
1997; Van't Veer et al., 1997; Lépez-Carrillho
et al., 1997). In addition, exposure was mea-
sured in women residing for at least 20 years
in Mexico City, who had not been exposed to
malaria eradication campaigns, in a society
displaying changes in demographic, cultural,
and diet patterns similar to those in devel-
oped countries (Romieu et al., 1997). Exposure
to organochlorine pesticides in urban areas
comes mainly from ingestion of foodstuffs (L6-
pez-Carrillo et al., 1996). Although it is report-
ed that agricultural DDT use in Mexico was
suspended in the 1980s, DDT contamination
was found in 1994, especially in meat and dairy
products (Lopez-Carrillo et al., 1996). The ex-
planation for the different DDT exposures
among Latin American countries might be dif-
ference in diet, since in Mexico a wide variety
of fruits, vegetables (especially leafy vegeta-
bles), and grains are used in the daily diet, un-
like the diet in urban areas of Colombia (Bo-
gota, specifically). Special mention should be
made of the high diet fiber consumption in
Mexico (in grains, fruits, vegetables, and seeds),
which has proven to display major risk-reduc-
ing capacity for cancer overall and breast and
endometrial cancer in particular (World Can-



cer Research Foundation/American Institute for
Cancer Reserach, 1997; Goodman et al., 1997).
Such assessments are soon to be published.

There is some concern among researchers
that cancer can affect body metabolism, in-
cluding increasing the breakdown of fat stores.
Since DDT and DDE can be stored in fatty tis-
sues, this breakdown of fat stores could result
in an increased release of DDT or DDE into the
blood and even to some decrease in DDE levels
in adipose tissue, perhaps due to a combina-
tion of chance and mobilization of energy from
fat stores in cases (Falck et al., 1992). This would
result in falsely elevated blood levels of this
pesticide in BC patients and low breast fatty tis-
sue DDE concentrations. In this sense, the Eu-
ropean study, concluded that “The lower DDE
concentrations observed among the women with
BC may be secondary to disease inception” (Van't
Veer et al., 1997:81), and in fact, they did not
support the hypothesis that DDE increases risk
of BC in postmenopausal women in Europe,
contrary to the Canadian study (Van't Veer et
al., 1997; Lopez-Carrillo et al., 1997). Another
relevant aspect of the European study is that
it did not take into account the duration of
breast-feeding to adjust the results of the asso-
ciation under study, and in regard to history of
breast-feeding, different results agree that DDE
levels in maternal milk decreased with in-
creased duration of breast-feeding (Wolff et al.,
1993; Hunter et al., 1997; Gladen & Rogan,
1995), also supporting the idea that this situa-
tion would reduce risk of BC (Wolff & Weston,
1997; Wolff et al., 1993; Hunter et al., 1997).

With regard to the methodological aspects
of the current study, we might think that an im-
perfect measurement of the exposure of inter-
est (DDE levels) among all women enrolled in
the study would lead to nondifferential mis-
classification and attenuate the measures of ef-
fect (ORs for breast cancer). Thus, any labora-
tory error is likely to be nondifferential.

ORGANOCHLORINE EXPOSURE AND BREAST CANCER

Due to different exposures to environmen-
tal factors including chemical compounds, di-
et, and highly local cultural aspects (genetical-
ly and/or geographically determined) that
could explain differences in the results from
exposure to DDE and risk of developing BC,
one can conclude that this relationship is sub-
ject to the interdependence of these factors on
individual susceptibility to BC, and that such
interdependent factors have still not been fully
incorporated into research. Evidence for this
was the association observed between pesti-
cide exposure and BC when comparing ethnic
groups in the study by Krieger et al. (1994), a
result that had not been observed when evalu-
ating the group as a whole (Wolff & Weston,
1997; Krieger et al., 1994). Recent studies pro-
vide evidence that the synergistic activity of
many common pesticides may be significant
(Wolff & Weston, 1997; MacLachlan & Arnold,
1996; Allen et al., 1997; Wolff & Landrigan, 1994).
In addition, interactions of chemicals in the
body are not well understood. Simple additive
models may approximate biological effects at
one moment of exposure, but such models can-
not take into account relative rates of metabo-
lism, susceptibility due to inherited metabolic
capacity, susceptibility due to breast epithe-
lial development, or synergistic interactions of
chemicals (Wolff & Weston, 1997; MacLachlan
& Arnold, 1996; Allen et al., 1997; Hansey, 1994).
Because of the absence of studies on women
with known exposures to DDT and the incon-
sistent results in the studies examining levels
of DDT/DDE in BC patients and women with-
out the disease, and taking into account all
these interrelationships, there is currently not
enough evidence to affirm that DDT or DDE
does or does not cause BC in humans. Howev-
er, exposure to organochlorines in Latin Amer-
ica requires further evaluation in order to de-
termine especially the potential damage to
women’s health. Enforcement of the current
legislation on pesticide use should thus be
strengthened.
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