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Abstract

The lower valley of Jaguaribe has registered, 
since the XXI century, the arrival of 
transnational and regional companies, which 
led to deep transformations in this region. 
The increased use of the pesticides is one of 
the most important ones, being able to cause 
alterations in human procreation and leading 
to congenital deformations, besides premature 
birth and low weight newborns. This article is 
an ecological study related to the period from 
2000 to 2010 in the population of some cities 
in the state of Ceará, and it was divided in two 
parts: the first one, a draft of historical series 
of morbidity and mortality databases and 
trend verification performed by a simple linear 
regression; the second one comprehends the 
calculation of the ratio of rates between cities 
that are highly exposed to pestiides and the 
cities selected for comparison, with history 
of little use of these substances. There was 
statistically considerable growth tendency  
(p = 0.026) in the number of hospitalized 
people with neoplasms. Analyzing the ratios 
of the rates in these same indicators, it is 
observed that the rates of hospitalized people 
with neoplasms were 1.76 times higher in the 
studied cities than in control cities (p < 0.0010). 
With regard to to fetal deaths, a statistically 
considerable increase was observed (p < 0.05) 
as to the mortality rates in the studied cities. 
Results suggest there was higher morbidity and 
mortality caused by neoplasms in the cities 
with broader use of pesticides, which could 
be influenced by  production, environmental 
and social transformations associated to the  
process of deterritorialization induced by  
the expansion of the agricultural modernization 
over the morbidity and mortality profile of the 
population of lower Jaguaribe. This process is 
a reflex of the production chemical-dependent 
model adopted by the agribusiness companies, 
expanding the vulnerability of the country 
side population.

Keywords: Pesticides. Environmental exposure. 
Neoplasms. Congenital abnormalities. Fetal 
death. Occupational health.
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Resumo

O Baixo vale do Jaguaribe registra, a partir do 
século XXI, a chegada de empresas transnacio-
nais e regionais, induzindo profundas transfor-
mações nos territórios, sendo a ampliação do 
uso de agrotóxicos uma das mais importantes, 
podendo provocar alterações na reprodução 
humana, malformações congênitas, além de 
partos prematuros e recém-nascidos de baixo 
peso. O presente artigo trata-se de um estudo 
ecológico, referente ao período de 2000 a 2010, 
conduzido em alguns municípios do Estado 
do Ceará, que foi dividido em duas fases: a 
primeira consiste na construção de séries his-
tóricas de indicadores de morbimortalidade 
e verificação da tendência realizada por meio 
de regressão linear simples; a segunda com-
preende o cálculo das razões das taxas entre 
municípios com alta exposição aos agrotóxi-
cos e municípios de comparação com histó-
rico de pouco uso dessas substâncias. Houve 
tendência de aumento estatisticamente signi-
ficante (p = 0,026) das taxas de internações por 
neoplasias. Ao se analisar as razões de taxas 
desses mesmos indicadores percebe-se que 
a taxa de internações por neoplasias foi 1,76 
vezes maior nos municípios de estudo em 
relação aos municípios controle (p < 0,001). 
Em relação aos óbitos fetais, observou-se uma 
tendência crescente (p < 0,05) da taxa de mor-
talidade nos municípios estudados. Os resulta-
dos sugerem que houve uma maior morbimor-
talidade por neoplasias nos municípios com 
maior consumo de agrotóxicos, podendo ser 
influenciados pelas transformações produtivas, 
ambientais e sociais associadas ao processo 
de desterritorialização induzido pela expan-
são da modernização agrícola sobre o perfil 
de morbimortalidade da população do baixo 
Jaguaribe. Esse processo é reflexo do modelo 
produtivo químico-dependente incorporado 
pelas empresas do agronegócio, ampliando a 
vulnerabilidade da população rural.

Palavras-chave: Praguicidas. Exposição 
ambiental. Neoplasias. Anormalidades con-
gênitas. Morte fetal. Saúde do trabalhador.

Introduction

The Lower valley of Jaguaribe, located near 
the border of Ceará and Rio Grande do Norte, 
has been a place of agricultural activities for 
at least four centuries, mainly developed in 
small properties that produced fruit, cotton 
and carnauba was, besides extensive cattle 
farming, in the different economic cycles. From 
the 1980s on, the region began to receive irri-
gation projects implemented by federal poli-
cies addressing the fight against drought, thus 
amplifying the agricultural activity1.

The XXI century as an expression of pro-
ductive and socio-spatial restructuration reg-
isters the arrival of major transnational and 
regional companies of irrigated fruit farming 
for exportation, which induced a deterrito-
rialization process in the region. This led to 
deep transformations in the agrarian and eco-
nomic issues, which have a direct reflection 
on work relations and conditions, as well as 
environment and, consequently, the health 
of the population2.

If the Green Revolution had introduced 
new technological risks to the region from 
the 1970s on, such as the mechanization and 
the use of agrochemicals, the arrival of busi-
ness agriculture reordered the space, insert-
ing the companies in the surroundings of 
rural communities. This led to the creation 
of a segment of rural workers, employees of 
the agribusiness. These changes in the social 
conditions in which people live and work, or 
in the process of social reproduction3, deter-
mine the vulnerability and the health–disease 
of population groups.

One of the important dimensions of 
these transformations in the Lower valley  
of Jaguaribe concerns the increased use of 
pesticides associated to the production model 
that eliminates biodiversity to implement 
major extensions of intensive fruit monocul-
ture. The Estudo epidemiológico da popula-
ção da região do Baixo Jaguaribe exposta à 
contaminação ambiental em área de uso de 
agrotóxicos, conducted between 2007 and 
2011, analyzed this matter as the object of 
study in the Jaguaribe cities of Limoeiro do 
Norte, Quixeré and Russas.
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From the point of view of environmental 
exposure to pesticides, it is important to con-
sider the contiguity between the communities 
and the production areas, which creates the 
possibility of direct contamination of some 
households in bordering zones; the practice 
of air pulverization with fungicide of toxico-
logical classes 1 and 2 in the extensive banana 
cultivations inserted among rural communi-
ties; and the contamination of water for human 
consumption by the different forms of pulveri-
zation and the inadequate disposal of pesti-
cide packages. The studies conducted by the 
State department of hydric resources found 
the presence of pesticides in 6 out of the 10 
water samples from the Aquifer Jandaíra, and 
the analyses in the scope of this study showed 
from 3 to 12 active ingredients in all of the 23 
collected samples, involving subterranean 
waters and those distributed by the munici-
pal service for the consumption of families4.

There is growing risk perception and 
concern with regard to health effects among 
workers, their families, inhabitants of com-
panies’ surroundings and social movements 
in the regions. However, further studies are 
necessary to quantitatively record this reality. 
Indeed, scientific literature has been pointing 
out to a diversified number of chronic effects 
of the pesticides, according to the specific tox-
icity of each one of the more than 400 Active 
Ingredients (AI) registered in Brazil, despite the 
scarce knowledge about multiple exposures, 
which correspond to the most frequent reality 
in the field5. Such effects can compromise, for 
instance, the nervous system, causing from 
neurobehavioral changes to encephalopa-
thies or suicide6-8; or the respiratory system, 
causing from asthma to pulmonary fibrosis; 
chronic toxic hepathopathies8-10.

Concerning neoplasms, the pesticides asso-
ciated with changes in hematopoiesis and chro-
mosomes of the cells that can progress to myelo-
dysplastic syndrome or myeloid leukemia and 
non-Hodgkin’s lymphoma11,12. Studies demon-
strate the existence of associations between pes-
ticides and cancer affecting the lung, stomach, 
melanoma, prostate, brain, testicles and sarco-
mas13,14. Besides, changes in human reproduc-
tion are also mentioned, such as male infertility, 

abortion, congenital malformations, premature 
labor, low-weight newborns, all of which are 
associated with the effects of endocrine inter-
ference and immunogenetics of some AI14-16.

Therefore, the objective of this study was to 
compare morbidity and mortality indicators by 
some of these chronic effects related to pesti-
cides between cities of two distinct groups: (1) 
Case group: Limoeiro do Norte, Quixeré and 
Russas, where, since the year 2000, agribusi-
ness activities and the intensive use of pesti-
cides and mechanization have been increas-
ing; (2) Control group: 12 cities with similar 
populations, where only traditional semiarid 
family agriculture is developed, called dry land 
farming. In the mentioned group, pesticides 
are not widely used, even because of the low 
purchasing power of the peasants, besides the 
sporadic use of agricultural machines.

Methodology

It is a quantitative, ecological study 
concerning the period from 2000 to 2010, 
which was conducted in cities in the state 
of Ceará and organized in two steps: in the 
first one, a study design of historical series 
of morbidity and mortality selected indexes 
and, in the second one, comparisons between 
these indicators in the cities of Groups 1 and 
2 by means of ratio of rates.

Group 1 (case) comprehends the citis 
of Limoeiro do Norte, Quixeré and Russas, 
known for the intensive use of pesticides. 
Group 2 (control) is comprised of other cities 
belonging to the other agropoles in the State 
of Ceará that do not extensively use pesticides 
for farming. For the selection of the 11 control 
cities, it was chosen to pair the study cities 
according to population size and similarities 
between some of the main sociodemographic 
characteristics, such as literacy, sanitation 
conditions and mean monthly income. A ratio 
of 4:1 was used (4 control cities for each case 
city), except for the city of Russas, in which 
the ratio was of 3:1 due to the inexistence of 
control cities that met the selection criteria. 
The study cities with their respective controls, 
the agropoles to which they belong to and their 
populations are found in Figure 1.
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Indicators were built by estimating the 
mean rates of study cities and mean rates of 
comparison cities. For that, the numerators 
included hospital admissions and deaths 
caused by neoplasms selected from Chapter 
II (Neoplasms [tumors]) of CID-10, fetal death 
(Chapter XV of CID-10 – Group 08: preg-
nancy ending in abortion) and live births 
with malformation (Chapter XVII of CID-
10 – Congenital malformations deformities 
and chromosomal anomalies). In denomi-
nators, the population at risk was used, that 
is, the one from which cases originated. Data 
concerning hospital admissions caused by 
neoplasms were obtained from the data base 
of the Hospital Information System (SIH)17, 
and deaths were provided by the Mortality 
Information System (SIM)18. Fetal deaths 
and live births with malformations were 

obtained from the Live Birth Information 
System (SINASC)19. Estimates of the popu-
lation living in the selected cities were pro-
vided by the Brazilian Institute of Geography 
and Statistics (IBGE)20.

Rates were calculated by the following 
formulas:

Rate of hospitalization for neoplasms =  
N. Hospitalization Neoplasm × 10,000
Population in the middle of the period

Mortality rate for neoplasms = 
N. of deaths for Neoplasms × 100,000
Population in the middle of the period

Fetal death rate = 
N. of deaths in the gestational period × 1,000
Total of live births in the period

Figure 1 - Trends in rates of some selected diseases morbidity and mortality study of municipalities, 
Ceará, from 2000 to 2010.
Figura 1 - Tendências de taxas de alguns agravos selecionados de morbidade e mortalidade dos 
municípios de estudo, Ceará, 2000 a 2010.
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Malformation rate = 
N. of live births with malformation × 1,000
Total of live births in the period

Afterwards, there was the calculation and 
the standardization of hospitalization and mor-
tality rates caused by neoplasms by the direct 
method, considering as the standard popula-
tion the mean of the population in the state 
of Ceará in the period. This standardization 
was necessary, because the distribution of age 
groups between cities is not homogeneous.

The trend analysis of the rates (1st stage) 
was conducted by means of simple linear 
regression models. The construction of 
dispersion diagrams of the rates and years 
of study showed, in all of the cases, that the 
supposition of a linear evolution could be 
assumed, which justified the use of linear 
models. Statistical modeling considered each 
mean rate of the analyzed outcomes as a 
dependent variable, and chronological time 
(from 2000 to 2010) as an independent variable. 
In this sense, simple linear regression models 
were adjusted for each temporal series. The 
choice was to centralize the independent 
variable by subtracting the mid-point of each 
values in the series (X – 2005), in order to avoid 
the self-correlation between the terms of the 
regression equation. Therefore, the estimated 
model can be written as: Y = β

0
 + β

1
(X – 2005). 

In these models, Y corresponds to morbidity or 
mortality rates, β

0, 
annual average coefficient; 

β
1, 

coefficient of linear effect (velocity) and X, 

year. The trend was considered to be significant 
when the model obtained p < 0.05. As the 
precision measurement of the models, the 
coefficient of determination was used (R2)21-25.

In the second stage, contingency tables 
were built to calculate the Ratios of Rates 
in the cities of Group 1, which did not use 
pesticides intensively (Limoeiro do Norte, 
Russas and Quixeré), divided by rates in 
Group 2 (control), and the latter refer to the 
ones that did not use pesticides intensively, 
as demonstrated in Table 3. The ratios of rate 
and 95% Confidence Interval (95%CI) were 
estimated by the Mantel-Haenszel method for 
the p value and 95%CI. For all the analyses, 
the adopted significance level was p < 0.05. 

Results

The study cities and the comparison cities, 
with their respective populations, are found 
in Table 1. The historical series of rates are 
found in Table 2 and Figure 1. For the indi-
cators elaborated with SIM data, there were 
no available data for 2010.

Neoplasms

There was an increasing trend in the hospi-
talization rate caused by neoplasms in Group 1 
(p = 0.026). However, in Group 2, these rates sta-
bilized, with low angular coefficient (0.78) with 
no statistical significance (p > 0.05) (Table 3;  
Figure 1).

Table 1 - Municipalities and their populations selected for study, Ceará, 2010.
Tabela 1 - Municípios e respectivas populações selecionadas para o estudo, Ceará, 2010.

Group 1
(Case)

Population
 Group 2
(Control)

Population

Russas 69,833
Aracati 69,159
Crateús 72,812

Pacatuba 72,299

Quixeré 19,412

Caridade 20,020
Morrinhos 20,700

Quiterianópolis 19,921
Morrinhos 20,700

Limoeiro do Norte 56,264

Santa Quitéria 42,763
Trairi 51,422

Boa Viagem 52,498
Granja 52,645
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Concerning mortality rates caused by 
neoplasm, it is possible to observe that both 
the trends in Group 1 and in Group 2 were 
increasing (p < 0.001). However, the mean 
coefficients and the angular coefficients of 
the trends in the study cities (β

0
 = 52.45 and 

β
1 

= 3.83) were higher than for control cities 
(β

0
 = 34.89 and β

1 
= 3.37), which indicates 

greater magnitude of the annual increment 
of the trends in rates of study cities in rela-
tion to the trend of the others. 

Fetal death

As to fetal death, an increasing and 
statistically significant trend is observed  
(p < 0.05) in mortality rates of the study cities. 
With regard to control cities, even though the 
beginning of the historical series presented 
higher rates, the temporal evolution of these 
indicators leaned to stability (p > 0.05). In rela-
tion to congenital malformation, trends were 
stable for all of the studied groups (p > 0.05).

Association

After analyzing the ratios of rates in these 
same indicators, it is observed that the rate 
of hospitalizations caused by neoplasms was 
1.76 times higher in Group 1 in comparison 
to Group 2 (p < 0.001). Likewise, the mortality 

rate due to neoplasms was also higher in the 
study cities (OR = 1.38; p = 0.007). However, 
there were no statistically significant differ-
ences in the comparison of rates of fetal death 
(p > 0.05) and live births with fetal malforma-
tion (p > 0.05).

Discussion

The results of the analyses conducted 
in the group of cities who are undergoing 
a process of agriculture modernization, by 
expanding the agribusiness activities and 
the intensive use of pesticides, when com-
pared to the group of cities who are based 
on traditional family agriculture, popularly 
known as dry land farming, show a growing 
trend, with positive variation indicating the 
annual increment for hospitalizations and 
deaths caused by neoplasm and fetal deaths. 

The most common association between 
pesticides and different types of cancer among 
agriculturalists are the ones affecting the 
hematopoietic system — non-Hodgkin’s lym-
phoma, multiple myeloma and leukemia; 
besides lung, stomach, melanomas, prostate, 
brain, testicles and sarcomas13-14.

Brazil has been going through transfor-
mations in its population structure and in  
the morbidity and mortality standards  
in the late 20th century. The population 

Table 2 - Average rates of hospitalizations and deaths of control municipalities and other municipalities, Ceará, from 2000 to 2010.
Tabela 2 - Taxas médias de internações e óbitos dos municípios controle e demais municípios, Ceará, 2000 a 2010.

Year
Hospitalizations 
per Neoplasmsa

Hospitalizations 
per neoplasmsa 

(control)

Deaths per 
neoplasmsb*

Deaths per 
neoplasmsb 

(control)*

Fetal 
deathsc*

Fetal 
deathsc 

(control)*

Live births  
with 

malformationc*

Live births with 
malformation 

(control)c*
2000 14 8 60 37 4 9 3 2
2001 17 7 58 46 7 10 1 4
2002 30 18 62 50 10 17 1 3
2003 25 22 65 46 7 13 3 5
2004 34 20 73 40 11 13 2 6
2005 38 25 74 49 10 15 3 3
2006 42 23 82 66 12 12 3 4
2007 47 25 73 64 14 14 1 6
2008 30 14 91 65 13 13 2 4
2009 34 15 93 68 12 13 4 5

2010 33 19 - - - -

*Data available up to the year 2009. aPer 10.000 inhabitants; bPer 100.000 inhabitants; cPer 1.000 live births.
*Dados disponíveis ate o ano de 2009. aPor 10.000 habitantes; bPor 100.000 habitantes; cPor 1.000 nascidos vivos.
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is aging and there is constant increase in 
the prevalence and mortality of chronic–
degenerative diseases, among which are the 
neoplasms. However, the growing trends 
of hospitalization and death rates in the 

study cities suggest more environmental 
exposure, including to pesticides.

In order to illustrate the complexity 
and vulnerability of the rural workers in 
association with the problem of pesticide 

*Data available up to the year 2009. 
*Dados disponíveis ate o ano de 2009. 

Table 3 - Estimates related to the linear regression of selected municipalities in the study and control – 
Ceará, from 2000 to 2010.
Tabela 3 - Estimativas referentes à equação de regressão linear de indicadores selecionados nos 
municípios de estudo e controle – Ceará, 2000 a 2010.

Morbidity β-1 p-value R2

Hospitalizations caused by neoplasms
(per 10,000 inhabitants)

Study cities 2.00 0.026 0.44
Control cities 0.78 0.214 0.16

Deaths caused by neoplasms*
(per 100,000 inhabitants)

Study cities 3.83 < 0.001 0.88
Control cities 3.37 0.001 0.77

Fetal deathsa

(per 1,000 live births)*

Study cities 0.86 0.001 0.75
Control cities 0.25 0.377 0.10

Live births with malformation*

(per 1,000 live births)
Study cities 0.11 0.368 0.10
Control cities 0.28 0.76 0.34

Tabela 4 - Razões de taxas de indicadores selecionados nos municípios de estudo e controle – 
Ceará, 2000 a 2010.
Table 4 - Odds Ratio of selected municipalities in the study and control – Ceará, from 2000 to 2010.

Indicators Rate
Ratio of rates

(95%CI)
p-value

Hospitalizations caused by neoplasms**
(per 10,000 inhabitants)

Control cities
Study cities

18.3
32.2

1.00
1.76 (1.57 – 1.97) < 0.001

Deaths caused by neoplasms*
(per 100,000 inhabitants)

Control cities
Study cities

53.9
74.3

1.00
1.38 (1.09 – 1.73) 0.007

Fetal deaths*
(per 1,000 live births)

Control cities
Study cities

13.4
10.3

1.00
0.77 (0.49 – 1.21) 0.258

Live births with malformations*
(per 1,000 live births)

Control cities
Study cities

4.6
2.7

1.00
0.60 (0.25 – 1.40) 0.231

*Data available up to the year 2009; **Economically active population.
*Dados disponiveis ate o ano de 2009; **População economicamente ativa.
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use, only for the use of pesticides in Brazil, a 
bibliographic study8 was conducted involving 
national studies from 2000 to 2005. These 
studies found: submission to poor working 
conditions; low schooling; increased risk for 
socioeconomic factors; Personal Protective 
Equipment (PPE) (inadequate, unavailable 
or unused); exposure of women at fertile 
age; exposure of young adults aged less 
than 20 years old; being guided only by a 
salesman; improper destination of packages; 
little awareness about the risk of products; 
use of class I products; re-entry in the post-
application area; increased exposure load.

Agriculturists are considered as a 
group more prone to cancer, considering 
the productive context in which they are 
inserted, since they handle directly with 
poisons in the several activities they perform. 
Some examples : appliers, harvesters, 
transporters, factory staff, mixers of toxic 
products, packers26.

There is a whole context of vulnerability and 
noxiousness that involves the use of pesticides, 
which ranges from the occult damage to 
human health (clinical and subclinical 
effects) and to the environment. This 
exposure scale presents historical difficulties 
to make control, monitoring and assessment 
of risks effective, as well as to analyze  
the damage associated with the toxicity of the  
pesticides, the access to inexistent supporting 
technologies, or ones that are little available 
in public services21.

In a recent review of the epidemiological 
evidence related to the occupational expo-
sure to pesticides and the incidence of can-
cer in the Agricultural Health Study (AHS), 
a study25 examined 32 approved pesticides 
in the United States and Canada in order to 
assess the potential of exposure–response rela-
tions. In 12 out of the 32 analyzed pesticides 
(37.5%), there was increased rate of cancer 
incidence, besides the patterns of positive 
response–exposure.

In Ceará, a cross-sectional study about 
the registered cases of cancer among rural 
workers revealed increased risk of penis can-
cer (6.44/1000), leukemia (6.35) and testicles 

(5.77), besides other locations with risk rang-
ing from 1.88 to 1.12 (urinary bladder, multi-
ple myeloma, lymphoma, conjunctive tissue, 
eyes and surroundings, esophagus, colon - 
rectosigmoid junction, kidney, larynx, pros-
tate and thyroid (95%CI)26.

In a study conducted in the region of Vale 
do São Francisco, it was observed that mor-
tality caused by cancer is associated with the 
use of pesticides among rural workers27. The 
International Agency for Research on Cancer 
(IARC) classified the organochlorines as being 
carcinogens for the human species.

Data of mortality caused by cancer were 
analyzed in the mountain region of Rio de 
Janeiro, and showed high incidence of death 
by stomach, esophageal and larynx cancer 
among male agriculturists from 1979 to 1998, 
when compared to other male populations 
in the same age group10. Another author28 
studied the prevalence of mortality caused 
by neoplasms in the region of Ijuí (RS) and 
compared data from the state of Rio Grande 
do Sul and Brazil. He observed that men die 
more of cancer than women in the three stud-
ied places, considering that such fact is owed 
to the higher occupational exposure of the 
man in the rural work.

There are many difficulties to establish 
the relationship between cancer and the 
exposure to pesticides, despite the recog-
nized carcinogen power of these biocides. 
However, these studies can corroborate 
the result that shows significant increase in 
hospitalization and death rates caused by 
neoplasms in the cities in this study to the 
detriment of other studied cities that do not 
intensively use pesticides29.

The results that reveal a growing and 
significant trend in fetal death rate in the 
cities going through an agriculture mod-
ernization process can also indicate the 
association between the occupation of  
the parents in agriculture and the exposure 
to pesticides. The research showed the asso-
ciation between fetal death and father occu-
pation in agriculture in areas and periods 
with different levels of pesticide use. The 
families of agriculturists had more chances 
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of experiencing pregnancies wit fetal death 
(including congenital anomalies) in areas 
where pesticides are massively used when 
compared to other regions of the country. 
The study also showed the increased risk of 
fetal death when the period of maximum use 
of pesticides coincides with the moment of 
conception. 

In Brazil and Latin America, deaths 
caused by congenital malformation in the 
first year of life have been increasing, as 
what happens in developed countries, and 
is now considered as a relevant aspect for 
public health30. It was expected to find 
growing trends in the rates of live births 
with congenital malformation in the studied 
cities. In this case, it is not recommended to 
hide the fact that the excessive number (not 
measured) of spontaneous abortions that 
are common in these pregnancies may have 
biased these trends to stability. Besides, the 
growing trend of fetal death in the studied 
cities can also explain the stabilization 
of rates. In this direction, studies suggest 
possible risks in the relation with gestational 
exposure to pesticides. Even though it did 
not represent statistical significance, this 
association is suggested as a decisive factor 
for the occurrence of congenital defects 
by reading variables such as: both parents 
working in farming and living nearby, mother 
living next to farming, father working in 
farming, father using the products for farming 
and exposure of at least one of the parents31.

In another study32 conducted in Denmark, 
the occupational exposure of pregnant 
women to pesticides as being the cause of 
adverse effects in the reproductional develop-
ment of male children was investigated. The 
research analyzed 113 pairs (mother-child) 
divided into occupationally exposed (91) 
and non-exposed (22) to pesticides during 
pregnancy. It was shown that women work-
ing in the rural area, confirmedly exposed to 
pesticides during pregnancy, had children 
with smaller penises and testicles, lower 
concentration of serum testosterone and 
Inhibin B, higher concentration of serum 
SHBG and FSH and higher LH:testosterone 

ratio in comparison to non-exposed workers, 
which suggests the adverse effect of pesti-
cides in Leydig and Sertoli cells during tes-
ticular development33.

In this paper, rates of hospitalization 
caused by neoplasms were used as indica-
tors of morbidity. Authors34 point out that 
SIH, where all of the information comes 
from, uses the Authorization for Hospital 
Admission (AIH) as a unit of analysis, and not 
the ill patient. Since the same person can be  
hospitalized more than once, or even not  
be hospitalized, even if being sick, because of 
limitations in hospital structure, the fragility 
consists on the use of hospitalizations as an 
approximation of the number of cases of the 
condition. However, this has been pointed 
out as one of the best indicators of the effects 
to chronic diseases. On the other hand, the 
participation of the supplementary health 
system is not relevant in the region, even 
in cities in which SUS is in charge of 100% 
of outpatient and hospital care. Because of 
that, the data used in the study cover most 
of the population.

In ecological studies, measures of aggre-
gate exposure and disease are compared, 
and there is no information about the disease 
and exposure of the subject, but of the entire 
population group. Even though an ecologi-
cal association may properly reflect a causal 
association between exposure and disease/
condition related to health, it is not possible 
to rule out the possibility of ecological fal-
lacy, because an association observed among 
aggregates does not necessarily mean that 
the same association should occur among 
individuals35-36.

Final considerations

The mentioned results suggest the influ-
ence of productive, environmental and social 
transformations associated with the deterrito-
rialization process induced by the expansion of  
agriculture modernization on the profile  
of morbidity and mortality of the population 
in the lower Jaguaribe. This is a reflex of the 
chemical-dependent model of production 
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adopted by agribusiness companies and the 
increased vulnerability of the population.

From the point of view of health, it is 
necessary to question if such expansion, as 
suggested by these data, which increases 
cancer and fetal death rates in the population, 
should be recognized as development.

According to the authors36: “Consultations 
to scientific production about pesticides and 
cancer show many studies that document this 
relation and suggest the causal nature of many 
of the described associations, which are now 
facilitated by methods of molecular biology 
and cytogenetics. However, knowledge gaps 
or limitations in the replicability of the studies 
make researchers and institutions, such as 
the IARC and the World Health Organization 

(WHO) cautious about stating possible 
causal nexus, pointing out to the need to  
increase scientific investigations in order  
to guide preventive intervention”.

While the sociopolitical conditions are 
built to value precaution, studies should 
at least focus their efforts on assessing the 
effects of multiple exposure and low doses, 
two of the most cloudy dimensions of current 
ignorance; the Unified Health System (SUS) 
should be prepared to bring the processes of 
territorialization in health of the live dynamic 
of inter-relations closer to the work and the 
environment, and protect them; in order to 
care for these affected workers, it is impor-
tant to recognize and notify their conditions 
and point out to its ethiology.
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