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Resumo A observagdo de distiirbios reprodutivos em seres humanos e na vida animal tem sido
relatada em diferentes paises na uiltima década, sendo apontada como possivel explicagdo para
tal fenémeno, a exposicédo a diversas substdncias quimicas com possivel interferéncia no sistema
enddcrino, incluindo pesticidas. Este trabalho apresenta os resultados de um estudo epidemio-
légico, com delineamento ecoldgico explorando dados de exposi¢do a pesticidas durante os anos
oitenta, em estados brasileiros selecionados e disttirbios reprodutivos observados nos anos
noventa. Foram obtidos coeficientes de correlacgédo de Pearson entre o volume de vendas de pesti-
cidas em onze estados brasileiros em 1985 e indicadores diretos ou substitutos da ocorréncia de
distirbios reprodutivos nas mesmas localidades. Coeficientes de correlacdo moderados e eleva-
dos foram observados para a maioria dos indicadores dos desfechos analisados; infertilidade e
cdncer do testiculo, mama, préstata e ovdrio. Apesar das limitagoes inerentes aos estudos ecoldgi-
cos quanto ao estabelecimento de relagdes de causa-efeito, os resultados observados estdo em
concorddncia com as evidéncias, apoiando uma possivel associagdo entre a exposi¢do a pestici-
das e os distiirbios reprodutivos analisados.

Palavras-chave Andlise Fatorial; Praguicidas; Infertilidade; Neoplasias; Desreguladores Endo-
crinos
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Introduction

Exposure to chemical substances displaying a
hormonal-like molecular structure, generally
named endocrine disruptors, has been gather-
ing scientific interest as a consequence of the
observed association with several biological
hazards in humans and animals (Al-Omar et
al., 2000; Carlsen et al., 1992, 1993; Chapin et
al., 1996; Joffe, 2001; Safe, 2000; Scharpe, 2001).
Several disturbances such as changes in sex ra-
tio, sperm physical properties, increase of abor-
tion rates, birth defects, cancer distribution at
selected reproductive system sites and devel-
opment of a female phenotype by wildlife
species have been reported in the literature
during the last decades, including the occupa-
tional set (Fleming et al., 1999; Padungtod et
al., 1998; Restrepo et al., 1990a, 1990b; Wiklund
et al,, 1989; Zahm & Blair, 1993). Nevertheless,
achievement of a comprehensive and conclu-
sive evidence frame linking endocrine dis-
ruptors exposure and these outcomes remain
unclear (Chia, 2000; Gray, 1998; Irvine, 2000;
Monosson et al., 1999; Petrelli et al., 2000).

Among the reported reproductive changes,
the following could be highlighted in brief: the
observed decline along time in the ratio of
male to female individuals (sex ratio) in some
countries; the changes in sperm characteristics
such as lower count and decreased motility re-
ported in animals and humans (Jones & Coop-
er, 1999; Lahdetie, 1995); the occurrence of se-
lected birth defects such as cryptorchidism
(prenatal incomplete or absent testis descent
from the abdominal cavity to scrotum) and hy-
pospadia (postnatal persistence of a penis
opening following incomplete urogenital sinus
closure)in the male newborn (Clegg et al.,
1999); the observed evidence on the associa-
tion between cryptorchidism and the subse-
quent development of infertility and testicular
cancer (Chilvers et al., 1986; Henriksen et al.,
1996); the reported changes on fertility pat-
terns among both gender in young population
strata (Glass et al., 1979); and the controversial
association between testis, breast, ovarian and
prostate cancer distribution related to long-
time exposure to such hormonal-like chemi-
cals (Bullman et al., 1994; Dolapsakis et al.,
2001; Mills, 1998; Putnam et al., 2000; Stellman
et al., 1998; Weir et al., 2000).

Whether the scope of reproductive out-
comes is wide, it is also the list of theoretically
involved risk factors, including previously used
drugs, such diethylestilbestrol (DES) and for-
merly used pesticides, such as 1,1,1-trichloro-
2,2-bis(4-chloro-phenil)ethane (DDT) and di-
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bromochloropropane (DBCP), all banned after
longtime exposure and several subsequent ad-
verse outcomes following their use (Ekbom et
al., 1996; Goldsmith, 1997; Potashnik & Porath,
1995; Rodriguez & Bustos-Obregon, 2000; Sa-
racci et al., 1991; Teitelbaum, 1999).

However, several other chemical com-
pounds with acknowledged endocrine disrupt-
ing activity, mainly pesticides, remain legally
or illegally in use in different countries, includ-
ing Brazil. Some of them, such as certain insec-
ticides (B-HCH, carbaril, chlordane, dieldrin,
endosulfan, hepthaclor), herbicides (amitrole,
iatrazin, nitrofen, metribuzin), fungicides (hexa-
clorbenzene, metiran) and nematicides (DBCP,
aldicarb), have been reported to display en-
docrine disrupting properties (Colborn, 1993;
Wesseling et al., 1999).

Moreover, pesticides sales more than dou-
bled in Brazil during the last decade, rising from
US$ 980,509.00 in 1989 to US$ 2,346,539.00 in
1999 (MAPA, 2000), mainly related to herbi-
cides and insecticide sales (Figure 1). Probably
besides non compliance to safe management
standards, mainly among low educated farm-
ers, the distribution of acute and chronicle ef-
fects either on direct users (farmers, public
health workers, and others) or in the general
population remain unknown in the country.

This study aimed to join evidence on the
possible correlation between pesticides expo-
sure in the mid 80’s and selected reproductive
system disturbances further reported a decade
later by the national health system in Brazil.

Methods

An epidemiological ecological study was car-
ried out by comparing the total amount of pes-
ticides sales (tons) in 1985 (Garcia & Almeida,
1991), used as a surrogate of population expo-
sure to such chemicals relative to selected
Brazilian States (Sdo Paulo, Paran4d, Santa Cata-
rina, Rio Grande do Sul, Bahia, Pernambuco,
Espirito Santo, Minas Gerais, Mato Grosso, Ma-
to Grosso do Sul and Goids, in which this infor-
mation was available), and selected health out-
come data traced in the same States towards
the Brazilian National Health Data System
(DATASUS), which displays information on
mortality, hospitalization authorizations, health
procedures, and several others.

To estimate infertility levels prevalent in
these populations, we obtained data on the
amount of selected procedures adopted to in-
vestigate infertility between October 1, 1999
and September 30, 2000. They were sperm eval-



Figure 1

HUMAN REPRODUCTIVE SYSTEM DISTURBANCES AND PESTICIDE EXPOSURE

Pesticides sales (thousand US$). Brazil, 1989-1999.
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uations on the male partner (spermiogram),
including the analysis of sperm physical char-
acteristics, sperm count, sperm motility, and
sperm morphological anomalies (procedure
code 1102103), and histerosalpingography in
the female partner, a radiological procedure to
evaluate uterine and tube obstruction or any
other abnormality (procedure code 1310503),
both usually requested as the first step to clini-
cally launch an infertility investigation. Later,
State-specific sperm evaluation rates among
men 20-59 yr. and histerosalpingography rates
among 20-49 yr. women were obtained.

Post natal undescended testis (cryp-
torchidism) correction surgeries (orchidopexy)
carried out in these states were used to esti-
mate such condition rates using specific 0-9 yr.
populations as denominators. In the same way,
authorizations for testicular cancer chemother-
apy (procedures code 2915101 and 2915103)
were ascertained, and used to estimate testis
cancer incidence towards obtaining testicular
cancer chemotherapy rates in the aforemen-
tioned States.

Testicular cancer hospitalizations in these
regions were ascertained and age specific visi-
tation rates (0-14 and 15-49 yr.) were deter-
mined, taking into account the total amount of
hospitalizations and the age related popula-
tions, considering a yearly average of two hos-
pitalizations per patient. Further, spermiogram
and testicular cancer hospitalization rates were
also ascertained in selected municipalities in
the States of Rio Grande do Sul and Sao Paulo,

which seems to display a high magnitude of re-
productive hazards in Brazil.

Testis, prostate, female breast and ovarian
cancer mortality rates at specific age strata and
age adjusted overall rates were obtained in the
same States during 1996-1998, with data pro-
vided by the National Mortality System and
census population estimates.

Pearson’s correlation coefficients and de-
termination coefficients were then obtained
for pesticide sales and the following reproduc-
tive malfunction indicators in the eleven ana-
lyzed states: sperm evaluation rates, histeros-
alpingography rates, cryptorchidism rates, tes-
ticular cancer chemotherapy rates, testicular
cancer mortality rates, prostate cancer mortal-
ity rates, female breast cancer mortality rates
and ovarian cancer mortality rates.

Finally, a principal component analysis
and a factor analysis using varimax and equa-
max rotation were carried out aiming to ex-
plore the relationships between the analyzed
indicators.

Results

The ascertained reproductive outcome rates in
selected Brazilian States are presented at Table
1, showing a balanced distribution of histeros-
alpyngography rates, but a large variability ac-
cording to orchidopexy and testicular cancer
hospitalization rates, mainly among adults.
Pesticide sales in 1985 and age adjusted mor-
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Table 1

Reproductive hazard indicators rates. Selected states, Brazil.

State Sperm counta Histerosalpingographyb Orchidopexyc Testicular cancer Testicular cancer Testicular cancer
chemotherapyd hospitalization hospitalization
(0-14 yr.)e (15-49 yr.)f
Minas Gerais 201.3 45.6 75.9 2.2 0.3 0.8
Mato Grosso do Sul 52.3 41.6 11.8 0.8 0.3 0.5
Mato Grosso 66.4 28.9 16.3 1.9 0.3 1.4
Goias 132.4 30.6 42.1 2.5 0.2 0.6
Espirito Santo 114.2 61.8 30.0 1.4 0.3 1.0
Bahia 87.5 7.7 171 0.2 0.2 0.5
Rio Grande do Sul 93.9 56.9 451 4.1 0.9 6.4
S&o Paulo 261.4 47.0 41.7 2.5 0.6 1.5
Parana 115.2 49.3 51.9 4.6 0.9 2.4
Santa Catarina 221.0 66.1 49.9 5.0 0.9 1.9
Pernambuco 83.7 41.2 9.1 1.3 0.1 0.3

a Spermiogram performed rates (per 100,000), men 20-59 yr., October 1999 - September 2000.

b Histerosalpingography performed rates (per 100,000), women 20-49 yr., October 1999-September 2000.
¢ Orchidopexy rates, men 0-9 yr. (per 100,000),1988-1990.

d Testicular cancer chemotherapy rates (100,000 men), October 1999 - September 2000.
e Estimated testicular cancer (0-14 yr.) hospitalization rates per 100,000 (2 hospitalizations per year in average), 1995-1997.

tality rates of selected hormonal related cancer
sites in 1996-1998 are displayed at Table 2.

Moderate to high Pearson’s correlation co-
efficients ranging from 0.36 to 0.81 were ob-
served among pesticides sales in eleven states
in 1985 and further reproductive hazards dur-
ing the nineties (Table 3). Statistically signifi-
cant correlations were seen for breast cancer
mortality among women 50-69 yr. during 1995-
1997 (r=0.81, 0.41-0.95), women 40-49 yr. (r =
0.66, 0.10-0.90), ovarian cancer mortality (r =
0.71, 0.19-0.92), and a borderline result for
sperm evaluation rates (r = 0.60, -00.1-0.88).

Non statistically significant correlations
were observed among pesticide sales and
prostate mortality rates (r = 0.67), testicular
cancer mortality rates (r = 0.53), testicular can-
cer chemotherapy rates (r = 0.36), testicular
cancer hospitalization rates (r = 0.36 among
men 0-14 yr. and r = 0.39 at 15-49 yr.) and or-
chidopexy (cryptorchidism correction surgery)
rates (r = 0.41). A low statistically non signifi-
cant correlation was seen for histerosalpingog-
raphy performed rates and pesticide sales (r =
0.18).

Elevated testicular cancer hospitalization
rates among men 15-49 yr. old were observed
in the states of Rio Grande do Sul, Parand and
Santa Catarina, being particularly high in the
former. A more detailed analysis of the geo-
graphical distribution of such indicators could
identify some countryside municipalities such
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f Estimated testicular cancer (15-49 yr.) hospitalization rates per 100,000 (2 hospitalizations per year in average),1995-1997.

as Santa Maria, Passo Fundo, Santa Cruz do
Sul, Santa Rosa, Uruguaiana, among others,
displaying elevated testicular hospitalization
rates during 1995-1997. High sperm evaluation
rates were also observed in some of these same
municipalities (Table 4).

Moderate to high correlations were ob-
served for the majority of studied variables
(correlation matrix not presented). The Kaiser-
Meyer Olkim measure of sampling adequacy
was 0.51 and Bartlett’s test of sphericity showed
a chi square value of 72.27 (36 degrees of free-
dom, p < 0.0001). Principal components analy-
sis revealed that 74.3% of the total variance was
explained by the first two components (59.2%
by the first alone). The rotated component ma-
trix (varimax rotation) showed high factor
loadings at the first component for the vari-
ables testicular cancer hospitalizations, testic-
ular cancer chemotherapy, breast cancer mor-
tality, ovarian cancer mortality, and moderate
loadings for pesticides sales and histerosalpin-
gography performed rates (Table 5). On the
other hand, the second component displayed
high factor loadings for pesticides sales, sperm
evaluation rates and orchidopexy rates (Table
5; Figure 2). Equamax rotation (results not pre-
sented) showed quite similar results obtained
with varimax rotation relative to both first com-
ponents, but revealed a more balanced distrib-
ution of pesticide sales factor loadings, respec-
tively, 0.58 and 0.51.



Table 2
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Pesticides sales (1985) and age adjusted prostate, female breast and ovarian cancer mortality rates (1996-1998).

Selected states, Brazil.

State Pesticide Prostate cancer Testicular cancer Breast cancer Ovarian cancer
sales (tons)a
Minas Gerais 12,308 11.3 0.2 9.3 3.5
Mato Grosso do Sul 4,240 13.5 0.1 8.3 3.0
Mato Grosso 2,000 10.8 0.1 7.3 1.5
Goias 3,386 12.2 0.2 8.8 2.2
Espirito Santo 771 12.2 0.2 8.7 3.2
Bahia 8,348 7.6 0.1 5.7 2.7
Rio Grande do Sul 20,800 17.2 0.6 15.5 6.4
S&o Paulo 43,991 16.3 0.3 16.0 6.4
Parana 21,672 15.1 0.4 11.6 4.0
Santa Catarina 6,430 12.7 0.5 11.6 5.4
Pernambuco 1,300 10.1 0.1 9.3 3.9

Source: Garcia & Almeida, 1991.
a Mortality rates (1996-1998) per 100,000 adjusted by the world population (Segi, 1960).

Table 3

Pearson’s correlation and determination coefficients among pesticides sales (1985) and selected reproductive

health indicators (90's). Selected states, Brazil.

Health indicator

Pearson’s coefficient

Determination

coefficient
r 95% ClI r2

Spermiogram rates (1999-2000) 0.60 -0.31-0.79 0.35
Histerosalpingography rates (1999-2000) 0.21 -0.58-0.62 0.05
Cryptorchidism rates (1988-1990) 0.41 -0.48-0.70 0.17
Testicular cancer chemotherapy rates (1999-2000) 0.36 -0.51-0.68 0.13
Testicular cancer hospitalizations (1995-1997)

0-14 yr. 0.46 -0.44-0.72 0.21

15-40 yr. 0.39 -0.49-0.69 0.15
Breast cancer mortality (1995-1997)

20-39 yr. 0.39 -0.49-0.69 0.15

40-49 yr. 0.66 -0.22-0.82 .044

50-69 yr. 0.81 0.09-0.90 0.65

All ages (1996-1998) 0.80 0.06-0.90 0.64
Ovarian cancer mortality (1995-1997) 0.71 -0.14-0.85 0.51
Testicular cancer mortality (1996-1998) 0.53 -0.39-0.75 0.28
Prostate cancer mortality (1996-1998) 0.67 -0.20-0.83 0.45
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Table 4

Sperm evaluation rates (October 1999 to September 2000) and testicular cancer hospitalization rates (1993-1997),

men 15-59 yr. Selected municipalities, Rio Grande do Sul State, Brazil.

Municipality Spermiogram Testis cancer Main economic activity

rates hospitalization rates*
Soledade 524.8 3.6 Corn, wheat, cattle
Porto Alegre 352.2 32.7 Several
Passo Fundo 270.8 13.5 Wheat, cattle, food & wood industries
Santa Rosa 245.7 5.6 Corn, soy, yucca, cattle
Santa Cruz do Sul 169.1 5.2 Tobacco farms, cattle
Pelotas 153.3 5.4 Several industries, cattle
Santa Maria 123.3 20.8 Cattle
Novo Hamburgo 102.0 4.4 Leather, metallurgy, textile industry
Uruguaiana 100.4 5.2 Wheat, rice, cattle, meat industry
Vacaria 92.1 3.0 Cattle, wheat, food & wood industries
ljuf 75.4 5.0 Cattle, soy, wheat, food industry
Bagé 59.0 5.1 Wheat, cattle, food, chemicals

Estimated rates per 100,000 men (15-59 yr.).

* Estimated average of two hospitalizations per patient per year, 1995-1997.

Discussion

Data availability on the general amount of
pesticides sales in many states in Brazil dur-
ing the eighties enabled us to organize an ex-
ploratory analysis by comparing, in the same
regions, selected reproductive outcomes re-
ported in the literature as associated to such
exposure.

However, the ecological approach used in
this study has several inherent potential weak-
nesses able to induce misleading conclusions.
At first, all used data are population based and
not individual ones, which may lead to ecolog-
ical fallacy inducing misinterpretation on
causal relationships between variables, when
they may be not causally related.

Pesticides sales in the different states does
not imply their full use in the same region,
mainly in these showing a more active eco-
nomic profile, where they can be bought to be
used elsewhere. Economical trade links may
lead pesticides, seeds and other agriculture
items to be bought, for instance, in the State of
Sdo Paulo to be used in certain areas of the
States of Parand, Minas Gerais or Mato Grosso
do Sul. We can indeed suppose that such re-
gional interchange may interfere in some way
in almost all analyzed regions. Moreover, infor-
mation on pesticides sales was not available in
1985 for specific types (insecticides, herbi-
cides, fungicides, and others),which would al-
low us a more detailed evaluation.
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The ascertained estimates for the studied
reproductive hazards may also be affected by
other flaws. Despite the fact that all estimates
on medical procedures were determined using
official data relatively to area of residence, such
information may also not be truly correct. High
standard levels observed in several medical
centers in some Brazilian states usually attract
patients from other regions, which may also
have affected our estimates, even considering
our strict criteria of just including local resi-
dents in our estimates.

Finally, some of the chosen reproductive
hazard indicators may present variable validi-
ty, in the sense that some of them may display
a misleading overview of the studied phe-
nomena. In this sense, prostate cancer mor-
tality rate would not be the first choice indi-
cator to evaluate this disease distribution,
since a large proportion of patients die by oth-
er causes of death instead of prostate cancer.
The same applies to testis cancer mortality,
usually displaying high survival whenever ear-
lier diagnosed, and for this reason, both indi-
cators were not further included in the factor
analysis.

Cryptorchidism may be underreported as a
consequence of lacking a comprehensive phys-
ical examination of newborn. Sperm evalua-
tion is usually the first step in infertility re-
search, but also used for other purposes, such
as post-vasectomy evaluation; histerosalpin-
gography is a radiological procedure not only



used in infertility investigation, but also to
evaluate other gynecological conditions.

Used numerators to ascertain testicular
cancer chemotherapy and hospitalization rates
refer to the total amount of authorizations to
carry out such events, and not to individual pa-
tients. Therefore, some testicular cancer pa-
tients may be hospitalized once, meanwhile
others twice or more. Hence, estimated rates of
specific procedures in different regions may
vary to some degree according to local health
policies.

Finally, despite the fact that all analyzed
health procedures were obtained from the
same databank (DATASUS files), it is prudent
to take into account that it was originally rather
organized to accomplish auditing activities
(the payment of governmental authorization of
hospitalizations and other health procedures),
instead of epidemiological ones. Despite this
potential lacking precision, we believe that on-
ly the systematic use of such files may try to
identify their weaknesses, thus improving the
databank.

Even taking into account such preliminary
considerations, we observed that pesticides
sales in the past (1985) showed some quite im-
portant correlation coefficients, in the next
decade, with the distribution of selected can-
cer sites (testis, prostate, breast and ovarian),
besides reproductive malfunction indicators,
such as sperm evaluation and performed or-
chidopexies.

According to breast cancer, we observed a
high correlation between past exposure to pes-
ticides and age adjusted breast cancer mortali-
ty in 1996-1998 (r = 0.80, r2 = 0.64). The highest
correlation was observed among women 50-69
yr. (r = 0.81, 95%CI: 0.41-0.95), and among
women 40-49 yr. and 20-39 yr., they were, re-
spectively, 0.66 (95%CI: 0.10-0.90) and 0.39
(95%CI: 0.0-0.80). Nevertheless, the velocity of
increase seems to be equivalent in the older
age strata, showing quite similar angular coef-
ficients in the respective regression lines be-
tween the logarithms of breast cancer mortali-
ty rates and the logarithm of pesticides sales:
women 20-39 yr. § =0.03 (95%CI: -0.14-0.19);
women 40-49 yr. § =0.12 (95%CI: -0.04-0.27);
women 50-69 yr. § = 0.14 (95%CI: -0.05-0.32).

The increased correlation coefficients ac-
cording to age strata, likewise the increased
linear coefficients (intercepts) of the same re-
gression lines between the logarithms of breast
cancer mortality rates at ages 20-39 yr., 40-49
yr., and 50-69 yr. and the logarithms of pesti-
cides sales (respectively 0.27, 0.76, 0.97), may
suggest, besides the age effect on breast cancer

HUMAN REPRODUCTIVE SYSTEM DISTURBANCES AND PESTICIDE EXPOSURE

Table 5

Rotated component matrix, varimax rotation.

Variable Component 1 Component 2
Pesticides sales 0.37 0.70
Testicular cancer hospitalizations
0-14 yr. 0.88 0.22
15-49 yr. 0.93 -0.04
Sperm evaluation rates 0.05 0.97
Orchidopexy rates 0.28 0.74
Testicular chemotherapy rates 0.75 0.38
Histerosalpingography rates 0.65 0.32
Breast cancer mortality 0.79 0.45
Ovarian cancer mortality 0.71 0.54
Figure 2
Factor analysis: component plot in rotated space.
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V1 - pesticides sales
V2 - testicular cancer hospitalization rates (0-14 yr. old)

V3 - testicular cancer hospitalization rates (15-49 yr. old)

V4 - sperm evaluation rates

V5 — testicular cancer chemotherapy rates
V6 - histerosalpingography rates

V7 - breast cancer mortality rates

V8 — ovarian cancer mortality rates

V9 — orchydopexy rates

distribution, the long term effect of a cumula-
tive exposure process manifested by higher
mortality rates in older age strata in the ana-
lyzed regions. These observations may be con-
sidered in agreement with a possible associa-
tion between pesticide exposure and breast
cancer incidence, mainly after menopause,
considering the estrogen-like chemical struc-
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ture displayed by some of them which hypo-
thetically would allow them to bind into hor-
monal receptors, thus acting as endocrine dis-
ruptors. The elevated observed correlation be-
tween pesticides sales with ovarian cancer, al-
so a hormonal dependent tumor site (r = 0.71,
95%CI: 0.19-92) may be potentially considered
in support for the same exposure (estrogen-
like chemicals) association.

Unavailability of testicular cancer inci-
dence in the majority of the studied states
yielded us to try to estimate it towards the as-
certainment of testicular cancer hospitaliza-
tion rates, authorized chemotherapy rates and
testis cancer mortality rates. Moderate correla-
tion coefficients were observed for these indi-
cators and pesticide sales (Table 3). In the
same direction, cryptorchidism, a risk factor to
testicular cancer, also revealed moderate cor-
relation between its corrective surgery rates
and pesticides sales, despite a lack of statistical
significance (Table 3).

Sperm evaluation, a prior routine exam on
infertility causes exploration, showed elevated
correlation with pesticide consumption too
(r =0.60, 95%CI: -0.01-0.88). However, similar
correlation magnitude was not seen for his-
terosalpingography rates (r = 0.21).

Testis has been indeed pointed out in the
literature as a possible target organ for en-
docrine disruptors, and as a whole, the results
observed in this study are in accordance with
these remarks. In support of this, a more de-
tailed search for testicular hazard indicators
was carried out in the State of Rio Grande do
Sul, which showed an estimated testis cancer
hospitalization rate of 6.4 per 100.000 among
men 15-49 yr., several folds higher than in oth-
er Brazilian states (Table 1). This search includ-
ed the estimation of testicular cancer hospital-
ization rates and sperm evaluation rates in the
different municipalities of Rio Grande do Sul
(Table 4). We could observe higher than ex-
pected rates (according to similar indicators in
other states) for several municipalities with im-
portant agriculture (corn, wheat, tobacco, rice,
soy, among others) and cattle related activities,
all of them with presumably high exposure lev-
els to pesticides.

Very high sperm evaluation rates were also
seen in the 90’s at several municipalities in the
State of Sdo Paulo, wherein the highest amount
of pesticides sales was carried out in Brazil in
1985 (about 44 thousand tons). Among them,
can be highlighted Sao José do Rio Preto
(533.5/100.000 men), Marilia (505.5), Camp-
inas (415.1), Ribeirdo Preto (363.6), Aracatuba
(324.0), Bauru (291.3), Araraquara (267.0), Reg-
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istro (186.3) and Presidente Prudente (175.8),
all of them surrounded by intensive crop areas
such as sugarcane, corn, citrics, soy, corn and
other cultures in which pesticides are com-
monly spread.

The correlation coefficient between corn
production volume in Marilia, Presidente Pru-
dente, Bauru, Aracatuba, Sao Jose do Rio Preto,
Campinas and Registro agrarian districts in
1991-1992 (Anudrio Estatistico do Estado de
Sao Paulo, 1992) and sperm evaluation rates
(1999-2000) was r = 0.87 (r2 = 0.80, 95%CI: 0.43-
0.98). For sugarcane production in the same
years, the correlation coefficient was r = 0.47
(r2 =0.22).

Even considering that such crop areas have
a higher geographical distribution than the
main cities in which they are settled and
wherein sperm evaluation were ascertained,
the observed correlation pattern is worth high-
lighting. Despite the fact that pesticide expo-
sure related to agriculture cultures poses high-
er risks to those occupationally exposed, it pos-
sibly suggests as an environmental marker to
closer population groups as a consequence of
food chain, water supplies and even airborne
contamination (Heindel et al., 1994). These re-
sults seems to support the hypothesis that some
human reproductive hazards such as those here
analyzed (cryptorchidism, infertility, breast,
testis, prostate and ovarian cancer) may also
result from such environmental exposures,
whether the hormonal-like chemical structure
shared by certain chemicals could allow them
to mimic the natural hormonal activity.

Despite the observed correlations present-
ed here, it should be worth paying attention to
other environmentally related risk factors
which could also be contributing to such end-
points. Hence, it is important to mention the
international warnings on the current practices
related to hormone addition in food supplies
offered in cattle and poultry farming aimed at
obtaining larger animals in shorter time, be-
sides the observation of pesticide residuals in
the same food supplies (Maghuin-Rogister,
1995; McEwen & McNab, 1997; Meyer, 2001;
Schmidely, 1993). In Brazil, population distrib-
ution of animal protein intake has been rising
in the last decades, mainly as a consequence of
arise on poultry meat intake (Monteiro et al.,
2000), and this changing diet pattern could
theoretically represent an additional source of
exposure to endocrine disrupter chemicals.

Finally, a principal components and a fac-
tor analysis were carried out aimed at explor-
ing the possible hidden and unknown relation-
ships among pesticides sales and the studied



reproductive variables. In this sense, both were
developed as an additional procedure to ex-
plore the relationships of interest in this inves-
tigation in a multivariate approach.

The first enabled us to identify two compo-
nents which explained more than 72% of all
variance observed with these variables. After
rotating the obtained factor matrix, and ana-
lyzing the variables joining each one of the
components, we interpreted them in the fol-
lowing way: considering that the first compo-
nent displays high factor loading to testicular
cancer hospitalizations, testicular cancer
chemotherapy, breast cancer mortality, ovarian
cancer mortality, and moderate loading for
pesticides sales and histerosalpingography
performed rates, we named it as a cancer relat-
ed component. The second one, joining high
loading factors to sperm evaluation rates and
orchidopexy rates, we named it as an infertility
related component. It is worth noting that pes-
ticides sales share moderate contributions with
both components (cancer-related and infertili-
ty-related), therefore possibly adding some
support for their involvement on such repro-
ductive system hazards.

Overall, and even taking into account the
validity weaknesses previously commented ac-
cording to the used variables, a comprehensive
evaluation of all presented results in this study
could be interpreted as suggestive for an im-
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portant role of pesticides diffusion in Brazil
and the further development of reproductive
disturbances affecting the population regard-
less of gender, and in a wide age spectrum in
short and medium time interval. If true, reper-
cussions of such exposure will probably pre-
sent a more intensive pattern of reproductive
disturbances in the near future, considering
that pesticides sales in Brazil, mainly herbi-
cides and insecticides, have been continuously
increasing since the eighties.

Conclusions

An ecological study in 11 States of Brazil ana-
lyzed the volume of pesticide sales in 1985 and
the respective indicators of selected human
reproductive disorders observed in the 1990s.
Moderate-to-high Pearson correlation coeffi-
cients were observed for breast cancer mortal-
ity (mainly among women 50-69 years of age
in 1995-1997), ovarian cancer mortality, prostate
cancer mortality, testicular cancer hospitaliza-
tion rates, and spermiogram rates, the latter
mainly in certain rural areas with intensive
agricultural activity. The results suggest that
population exposure to pesticides in the 1980s
in some Brazilian States may have been asso-
ciated with selected reproductive disorders
observed a decade later.
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