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ABSTRACT
Objective: to check and compare female farm workers’ and female tobacco farm 
workers’ behavior related to the use of pesticides after the pregnancy diagnosis and 
their effect on the infants’ hearing. 
Methods: a cross-sectional analytical observational study developed with 59 female 
farming mothers. From these, 25 were tobacco farm workers (Group F) and 34 were 
farm workers for other crops (Group A – control). The results of the hearing screening 
of 59 infants, from both groups, were verified. The anamnesis to raise the risk factor 
indicators for hearing disabilities as well as the caption of Transient Evoked Otoacoustic 
Emissions (OAEs) was accomplished. 
Results: tobacco farming is directly related to the use of pesticides (p=0.0043); laun-
dry of clothes worn to apply the pesticides is an indirect means of exposure/ contami-
nation by pesticides and/or chemical substances (p=0.018); the association between 
pass/fail results and Hearing Disabilities Risk Indicators (HDRI) of infants in both 
groups (tobacco farm workers and other workers) did not show significant statistical 
differences. 
Conclusion: effects on the hearing health of infants of female tobacco farm workers 
and other farm workers exposed to pesticides were not found in this research. Further 
studies on this theme are suggested.
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INTRODUCTION

Although farming has been explored by mankind for 
over ten thousand years, the intensive use of pesticides 
to control plagues and farm diseases has existed for a 
little more than half a century. It evolved after the world 
wars when chemical industry, poison manufacturer to 
be used as chemical weapons, found a new market in 
agriculture for its products 1.

 Brazil is the greatest pesticide consumer in the 
world, provoking direct impact on human health, 
comprising different population groups and workers 
from several fields and activities within large terri-
tories1. In tobacco farming, the study points out that 
the presence of poisoning symptoms is an evidenced 
reality and poses risk to tobacco farm workers’ health, 
due to the intensive use of pesticides, and to the diffi-
culty in complying with the use of protection equipment 
on the account of the singularities of tobacco farming2.

Pesticide use and handling in general farming are 
considered a prevalent male activity. However, that 
does not prevent women and other family members 
from the risk of indirect intoxication. In the Brazilian 
reality, it is usual that the responsible for applying the 
pesticide carries out that activity with his family, and 
without wearing the Equipment for Personal Protection 
(EPP). It should be pointed out that women usually 
do the laundry of those clothes worn for the pesticide 
application. In addition, the crops are closer and closer 
to the residences, where family members stay around, 
wearing improper clothes and shoes3.

Brazil leads food production after the United States, 
evidenced by the second crop estimate in 2017. Cereal, 
oil seed and vegetable production, in tons, exceeds the 
one in 2016, being rice, corn and soybeans, the three 
leading products in this group. Among the large farming 
regions, Mato Grosso State has the leadership in grain 
production, followed by Paraná State with around 
18.7%4. According to the Union of Tobacco Industries 
(SINDITABACO), Brazil is the first world tobacco 
exporter and, as a producer, it holds the second place. 
Southern region has 96% of the national production, 
and Paraná State holds 19% of that production4. 

According to the State Secretary of Agriculture 
and Supply in Paraná State5, the region of Irati is the 
greatest tobacco producer, responsible for 26% of 
the total production in the state. Thus, tobacco is the 
leading crop in Irati, and its growth brings along the 
elevated use of chemicals and the absence of specific 
care for the tobacco farm workers6.

Between 1970 and 2000, there was a shift in 
tobacco production settings, when it moved mainly to 
developing countries, such as Brazil, which led to the 
use of women, black people and immigrants’ cheap 
workforce7.

Rural work in tobacco fields, carried out by families, 
holds unique characteristics, as the production process 
involves the whole family, and in the case of an event 
which affects a family member, that may echo and 
threaten their subsistence. Thus, there is an increasing 
exposure to hazards and occupational disease8, mainly 
among the women9,10.

Farming work division by gender enables to 
conclude that women occupy a subordinate position, 
and their work looks like just ‘help’, even when they 
work as much as men, or they carry out the same activ-
ities. Thus, as they believe that they are just helping, 
they are more exposed to the hazards of activities 
which promote handling and/or exposure to chemicals 
without proper protection11.

Therefore, the main attention must be driven to 
pregnant women, who entail the population at risk. 
Research in this area point to pregnancy complications 
and abnormalities, often unknown by the women. That 
issue unveils emerging health care concern, evidencing 
the high risk that a vulnerable population, such as the 
pregnant women, is exposed to9.

According to what was mentioned above, and the 
absence of studies with that population, this research 
objectifies to verify and compare female farmworkers 
and female tobacco farmworkers’ behavior regarding 
the pesticide use after discovering their pregnancy, and 
its auditory effects on infants. 

METHODS
It is an analytical, observational cross-sectional 

study, approved by the Ethics Board on Research at 
Midwestern State University (Universidade Estadual do 
Centro-Oeste) under protocol number 1639354.

The current study was held at a Teaching Clinic 
located in the municipality of Irati (Paraná State, Brazil), 
and the sample comprised mothers who take their 
children for the hearing screening between June, 2016 
and July, 2017. The “Infant hearing screening in Irati 
and surroundings” was implemented in 2007 (Projeto 
TOIR, in Portuguese), and screens the newborn in Irati 
and other eight neighboring municipalities.

The sample was defined by convenience. Fifty-nine 
(59) farming mothers participated in the study, and 
was checked the result of the hearing screening for 59 
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infants, those women’s children, residents in the cities 
registered in the Projeto TOIR.

The women were divided in two groups: Group F, 
entailing 25 tobacco farming mothers, and Group A 
(control), entailing 34 farming mothers of other crops 
(not tobacco crop).

As for the inclusion criteria, female participants 
should work in the fields, tobacco farming, or other 
crops, ages ranging between18 and 45 years. Cases 
of exclusion occurred when length of time at farm 
work was inferior to 6 months, and/or the use of 
ototoxic medication was superior to fifteen days during 
pregnancy.

The study was carried out in two steps: the first 
was the application of a questionnaire with female 
farmworkers in order to verify their pesticide exposure.

The questionnaire entailed three objective questions, 
based on the KAP protocol “Knowledge, Attitudes and 
Practices”, translated and transculturally adapted to the 
Portuguese language9, as follows: “To stop working 
after the pregnancy diagnosis; since getting pregnant, 
to make use of pesticides around the houses in order 
to exterminate the plagues; to apply some kind of pesti-
cides”. In addition, other four questions on the tobacco 
crop in the studied region: “To make use of pesticides; 
to do the laundry of clothes worn during the chemicals 
application; length of time at farm work; crop currently 
produced.” The participants were asked individually/
orally and their answers were recorded in printing 
material.

In the second step, infants’ hearing screening 
was held, considering the Pass/Fail result and the 
data collection of the Risk Indicators for Hearing Loss 
(RIHL), which were then compared between the infants 
of tobacco farming mothers and non-tobacco farming 
mothers.

The procedures of the hearing screening included 
meatoscopy, followed by anamnesis with their 
mothers, in order to verify the presence, or not, of 
some RIHL, based on those considered by the Multi-
professional Committee on Hearing Health – COMUSA, 
in Portuguese10. 

In order to capture the Transient Evoked Otoacoustic 
Emissions (TEOAE), the Interacoustics® equipment 
was used. The method aims to detect cochlear hearing 
loss. The PASS criterium used in the Projeto TOIR is the 
signal-noise ratio ≥ 6dB in 3 or more frequency bands. 
Babies evidencing any RIHL or failing the screening are 
referred to follow-up, according to the Guidelines of 
the Hearing Screening11 or otorhinolaryngological test, 
respectively.

The results were organized and double-digitized in 
Microsoft Excel® spreadsheets. Chi-square test was 
used for the association between two variables, signifi-
cance level of 5% (p<0,05).

RESULTS
From the 59 female participants in the study, 25 

(42.37%) work exclusively in the tobacco fields (Group 
F), while 34 (57.62%) are farmworkers of other crops 
(Group A).

Table 1. Association of exposure to pesticides between the groups

Questions
Group

(F) n=25
(A) n=34

Yes No
(p)

n % n %

Stopped working after pregnancy discovery
F 17 28.8 8 13.6

0.643
A 25 42.4 9 15.3

Use of pesticides around the  residence
F 8 13.6 17 28.8

0.977
A 11 18.6 23 39.0

Applied pesticides
F 5 8.5 20 33.9

0.098
A 2 3.4 32 54.2

Use of pesticides
F 23 39.0 2 3.4

0.043*
A 24 40.7 10 16.9

Chi-square Test *p=<0.05;  F= Female Tobacco Farmworkers; A= Female Farmworkers
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difference for the factor use of pesticides in the field 
(p=0.043), and it was evidenced probable statistical 
difference for the issue of pesticide application by the 
women (p=0.098).

There was not statistically significant difference in the 
correlation between stop working after the pregnancy 
diagnosis and use of pesticides around the house to 
eliminate plagues. There was statistically significant 

Table 2. Association between the results in the Pass/Fail test of infants’ hearing screening and exposure to pesticides of group F

Questions
Pass/Fail
(P) n=54
(F) n=5

Yes No
(p)

n % n %

Stopped working after pregnancy diagnosis 
P 39 66.1 15 25.4

0.564
F 3 5.1 2 3.4

Use of pesticides around the residence
P 16 27.1 38 64.4

0.164
F 3 5.1 2 3.4

Applied pesticides
P 6 10.2 48 81.4

0.557
F 1 1.7 4 6.8

Use of pesticides
P 44 74.6 10 16.9

0.254
F 3 5.1 2 2.4

Chi-square Test *p=<0.05;  P=Pass; F=Fail

5.1% of the infants, whose farming mothers make 
use of pesticides in the fields, failed the hearing 
screening. The same percentage was evidenced in 
the infants of mothers who use pesticides around 

their residence to eliminate plagues. There was not 
statistically significant difference between the infants’ 
Pass/Fail result variables and exposure to pesticides  
(Table 2).

Table 3. Association between the infants’ pass/fail results and laundry of clothes worn during pesticide application

Questions
Pass/Fail  
(P) n=44  
(F) n=4

Yes No
(p)

n % n %

Laundry of clothes worn during pesticide 
application

P 40 83.3 4 8.3
0.018*

F 2 4.2 2 4.2

Chi-square Test *p=<0.05;  P=Pass; F=Fail

was evidenced. Mothers who did not report the laundry 
of clothes worn during pesticide application, were not 
included in this association.  

 In Table 3, a statistically significant difference 
between infants’ Pass/Fail result variables and laundry 
of clothes worn during pesticide application (p=0.018) 
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Table 4. Association between infants’ pass/fail results and length of time at farm work

Pass/Fail  
(P) n=54  
(F) n=5

1 to 10 years 11 to 20 years 21 to 30 years
(p)

n % n % n %

Tempo de Trabalho 
na lavoura

P 31 52.5 15 25.4 8 13.6
0.910

F 3 5.1 1 1.7 1 1.7

Teste Qui-Quadrado *p=<0,05;  P=Pass; F=Fail

There was not association between the variables of 
the Pass/Fail results and length of time at farm work.

In Table 5, there was a statistically significant 
different between the variables for infants’ Pass/Fail 
results and Risk Indicators for Hearing Loss (p=0.046). 

Table 5. Association between infants’ pass/fail and risk indicators for hearing loss

Pass/Fail  
(P) n=54  
(F) n=5

Com IRDA Sem IRDA
(p)

n % n %

Passed 11 18.6 43 72.9
0.046*

Failed 3 5.1 2 3.4

Chi-square Test *p=<0.05;   RIHL=Risk Indicators for Hearing Loss; P=Pass; F=Fail

Table 6. Association of infants’ pass/fail results and risk indicators for hearing loss between the groups of mothers

Grupos  
(F) n=25  
(A) n=34

Infants
Tobacco Farming Mothers  Farming Mothers

(p)
(n) (%) (n) (%)

Without RIHL’ 20 33.9 25 42.4 0.564’
With RIHL’ 5 8.5 9 15.3
Passed’’ 23 39.0 31 52.5 0.911’’
Failed’’ 2 3.4 3 5.1

Chi-squareTest *p=<0.05 
RIHL=Risk Indicators for Hearing Loss; F= Female Tobacco Farmworkers; A = Female Farmworkers
(’) = Association of the results of Risk Indicators for Hearing Loss (RIHL) between the groups of mothers.
(’’) = Association of the results of the Pass/Fail between the groups of mothers.

In Table 6, it is possible to observe that infants of 
farming mothers passed the TEOAE with greater rate 
of RIHL, as well as they failed the TEOAE with greater 
rate, without evidencing any RIHL. There was not 

statistically significant difference between the corre-
lation of the Pass/Fail results and the Risk Indicators for 
Hearing Loss in infants of the groups (female tobacco 
farmworkers and other female farmworkers).
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DISCUSSION
From the results obtained in this study, statistical 

significance in the correlation of pesticide exposure 
between the groups of Female Tobacco Farmworkers 
and other Female Farmworkers was not observed. 
However, in both groups, women did not stop working 
in the fields after the pregnancy diagnosis. That fact 
points out a public health problem: high exposure of 
those women to pesticides, farm products and, in 
the case of the tobacco farmworkers, to nicotine and 
other tobacco-derived compounds during pregnancy. 
That can be justified by the fact that women have high 
participation in the workforce, as well as in their family 
income, thus they cannot afford to stop working during 
pregnancy. Factors such as health status, access to 
health care services, social vulnerability and income 
were not investigated in this study, however, they seem 
to be determinant and risk-conditioning to reproductive 
health12.

8.861 Bill from March 25th, 1994, warrants maternity 
leave to urban, rural and domestic female workers, as 
well as a maternity-salary to the female small-scale  
farmworkers (as specially entitled to it) and other 
female workers. However, due to the harmful hazards 
that those farmworkers are exposed to, that payment is 
unfeasible and insufficient, as it is provided for only 120 
days, and they are entitled to it at least 28 days before 
delivery or on the delivery date13.

Tobacco farming poses workers with several 
hazards during their activities, and the associated 
effects may harm their health, in this case, female 
farmworkers, as well as resulting in deleterious health 
effects on their children.  In India, study carried out 
with 685 female tobacco farmworkers and 655 female 
farmworkers from other crops, identified higher preva-
lence of hypertension and preterm deliveries in tobacco 
farmworkers, comparing them to the control group. 
Authors assume that even though those results are 
not definitive, due to the sample number, different 
dosages of nicotine, inhaled along the several stages 
of the tobacco crop and mainly, the inexistence of other 
comparative studies14.

Regarding the use of pesticides in the fields, it 
was evidenced statistically significant difference, 
showing that tobacco crop is straight correlated with 
the use of pesticides, which implies that the degree 
of contamination is greater if compared to other 
crops. It can still be observed, keeping data in mind, 
the probable statistically significant trend of pesti-
cides being applied by women, showing that female 

tobacco farmworkers perform this task more often 
than other female farmworkers from other crops. Study 
held with information of live births from the Live Births 
Information System, Brazilian Ministry of Health, verified 
the greatest association between the use of pesticides 
and congenital malformations of the circulatory system 
in higher pesticide-exposed municipalities from Paraná 
State, Brazil, between 1994 and 2014, as follows: 
undescended testicles, followed by congenital malfor-
mations of the circulatory system and, finally, cleft lip 
and cleft palate15.

Study held in Maringá, Paraná State, Brazil and 
surroundings, by means of analysis of records from 
a supporting association, verified the prevalence of 
cleft lip and palate in a sample of 421 individuals. The 
prevalence of cleft lip and palate was in 56.6% of male 
individuals, the most prevalent was incisive trans-
foramen cleft (44.55%), followed by post-foramen cleft 
(27.38%), pre-foramen cleft (23.90%) and rare clefts 
(4.18%). When etiological factors were investigated, 
it was evidenced parental exposure, mainly maternal 
exposure to teratogen factors, such as drugs, alcohol, 
syphilis, seizure medication, lack of pre-natal follow-up 
and exposure to pesticides16. 

Still regarding pesticide exposure, a population-
based study carried out in Mato Grosso State, Brazil, 
where eight municipalities were selected for presenting 
the highest human exposure to pesticides, found 100% 
greater occurrence of congenital malformations among 
children of mothers exposed to pesticides during the 
perinatal period than among other mothers17.

In the current study, no significant difference was 
observed between the TEOE Pass/Fail results and 
length of time at farm work. Such a result can be justified 
by the small number of the sample, and absence of 
clinical validation of the instrument (questionnaire) 
used. The consideration of such factors is suggested in 
further studies.

The association between the TEOE Pass/Fail results 
and laundry of clothes worn during the pesticide appli-
cation evidenced statistically significant difference, 
pointing to an indirect way of pesticide and/or other 
chemicals exposure/contamination. The pesticides 
deposited in clothes and the contact with them in the 
water, during laundry, may be dermal-route contami-
nating. Studies show that it is common practice for 
wives to do the laundry of their husbands’ pesticide-
contaminated clothes, and therefore, greater occur-
rences of congenital malformations were reported 
among their infants18-20.
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 There was association between the infants’ results 
in the Pass/Fail and the Risk Indicators for Hearing Loss 
(RIHL), where the highest rate (5.1%) of infants who fail 
the TEOE evidenced RIHL, and they were farmworkers’ 
infants. COMUSA points to the incidence of 1 to 3 for 
each 1,000 live births without reporting RIHL, while for 
the newborn cared at the Intensive Care Units (ICU), 
rate ranges from 1 to 4 for 1,000 newborn. The current 
study evidenced three cases, corresponding to 60% 
of the infant population who failed RIHL, unveiling that 
such a rate is higher than the rates established for the 
incidence of hearing loss among the live births, corre-
sponding to 0.3% in a total of 1,000 live births. Those 
data warns the occurrence of high rate of infants who 
failed the TEOE, with the presence of the RIHL, thus 
they should be followed up due to the susceptibility to 
late development of hearing loss11. 

The fact that farmworkers’ infants passed with 
higher rate of RIHL differs from data reported in a study 
which objectified to investigate the probable maternal 
and fetal effects after inhaling Flumetralin, sort of 
growth inhibitor of axillary gems, used in tobacco fields. 
Maternal and fetal effects were observed in mice after 
10 to 20-minute inhalation and euthanasia procedure. 
The fetal effects were visceral injuries in womb, kidneys, 
liver, skeletal abnormalities, hydrocephalus, and incom-
plete skull ossification. For a 20-minute exposure, it 
was also evidenced abnormalities in the occipital bone, 
thirteenth rib and internal bleeding. It was still verified 
the reduction in maternal weight gain, and in the intra-
uterine development of the fetus. Fetus’s heart, liver, 
kidneys and testicles had weight reduction. Thus, it 
is evidenced the potential of this chemical to provoke 
teratogenic effects, causing structural and functional 
malformations, representing high threat to the repro-
ductive health, thus, configuring RIHL, if considered its 
effects on human beings21.

However, in this study, there was no statistically 
significant association between the infants’ Pass/Fail 
results and the Risk Indicators for Hearing Loss (HIRL) 
between the groups of tobacco farming mothers and 
other farming mothers.

Study which assessed the association between 
the medial olivocochlear function and genotoxic 
biomarkers among 25 students from the tobacco 
farming region did not evidence any abnormalities 
in the medial olivocochlear system through the 
suppression of emissions, but it evidenced higher rates 
of damage in the genotoxic biomarkers. The research 
comprised a group of 21 normal listeners from the 

tobacco farming region, and another with 25 students, 
normal listeners, who did not live in the rural area. By 
means of the method of detection by Suppression of 
Distortion Product Otoacoustic Emissions, the medial 
olivocochlear system was assessed, and as genotoxic 
biomarkers, comet assay was used, micronucleus test 
and fluorometric assay for DNA quantification. The 
group of students from the tobacco farming region 
did not show any disorders in the medial olivoco-
chlear system, evidenced by the presence of emission 
suppression, but they presented higher damage rates 
in the genotoxic biomarkers. There was no association 
between the disorders in the medial olivocochlear 
system and suppression and genotoxicity22. 

As suggested by COMUSA, the objective method-
ologies for registering cochlear hearing loss (Peripheral 
Hearing Nervous System – PHNS), and retro-cochlear 
disorders (Central Hearing Nervous System – CHNS) 
are the Evoked Otoacoustic Emissions (EOAE) and the 
Brainstem Auditory Evoked Potential (BAEP), respec-
tively. There was not cochlear hearing loss in the former 
study (cochlear disorders). Similarly, in the current 
study, there was no statistically significant difference 
in the association held between the infants of tobacco 
farming mothers’ and other farming mothers. Infants 
from tobacco farming mothers did not fail the EOAE 
in higher rate, maybe for the fact that retro-cochlear 
injuries could not be evidenced in this study by the 
applied method. It is highlighted the need of further 
investigations on retro-cochlear injuries, which cannot 
be detected by means of the EOAE. Therefore, as it 
was already proposed in a study with adults, hearing 
effects by chemical substances are better evidenced 
and cause greater damage to the CHNS, and can 
be investigated by means of methods which screen 
brainstem pathways23,24.

It is an issue to be carefully treated. In a cohort study 
carried out in a farming region in Jiangsu province, 
China, which investigated pre-natal and post-natal 
exposure to organophosphate pesticides and neuro-
logical child development, it was evidenced, in one of 
its results, that boys featured adverse associations to 
organophosphate exposure in the pre-natal and post-
natal periods, with developmental delay. However, such 
associations were not reported in girls. Thus, pre-natal 
as well as post-natal exposure to organophosphate 
pesticides may adversely affect the neurological devel-
opment of children living in farming areas25. 

The limits pointed by toxicological studies, which 
enable to establish the immuno-toxic potential as well 
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as endocrine disruption of substances are evident, 
therefore, raising the risk of exposure and outcomes 
in human beings. There is no precise information on 
the effects from several contamination sources and 
their synergism, such as food, water, air, among other 
available sources, thus affecting populations who are 
not directly involved in pesticide handling, for example. 
However, what we know is that low-level exposure to 
chemicals may already trigger catastrophic effects 
during the so-called critical phases of development, 
such as pregnancy, infancy or childhood20,26.

CONCLUSION

The data presented in this study are not definitive, 
however, they unveil an outstanding problem, recurrent 
in several rural areas in Brazil, where tobacco is 
produced.

There was the association of pesticide exposure, 
occurred between the groups of female tobacco 
farmworkers and other female farmworkers, in the 
factor related to the use of pesticides, evidencing that 
tobacco crop is closely related to the use of pesticides. 
Among the results of infants’ Pass/Fail test and laundry 
of clothes worn during the pesticide application, there 
was statistically different association, pointing to the 
indirect contamination/intoxication of those women 
by pesticides, which may influence their gestational 
term. The association between the infants’ Pass/Fail 
results and the Risk Indicators for Hearing Loss (RIHL) 
between the groups (female tobacco farmworkers and 
other female farmworkers), did not evidence any statis-
tically significant differences.

Effects of female tobacco farmworkers and other 
female farmworkers’ exposure on their infants’ hearing 
health were not evidenced, but the EOAE registering 
method did not detect retro-cochlear injuries. Further 
research studies on the theme are suggested. 
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