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certain cognitive and emotional aspects2-4. This kind 
of handicap hinders access to and use of healthcare 
in general, yielding potential adverse effects on 
health and survival5.

The prevalence of hearing loss is on the rise in 
the population at large, probably because of the 
ageing of the population and increased exposure to 
noise. There are concerns that hearing impairment 
may take on epidemic proportions6.

Hearing loss is generally associated with ageing, 
exposure to noise, and head injuries. Hearing loss 
induced by high sound pressure levels is one of the 
most widespread irreversible work-related ailments 
in the world7, described in many scientific studies. 
Occupational hearing loss is a term that is widely 
used as a synonym for noise-induced hearing loss, 
but apart from noise, many other work-related 
activities can put hearing at risk, such as chemicals 
which in isolation or in combination with noise may 
trigger or exacerbate the risk to workers’ health 8,9.

Many studies have shown that chemicals 
can cause damage to human beings and the 
environment. While the main focus of studies into 
auditory health is still noise exposure, there are an 

 � INTRODUCTION 

Hearing impairment is generally regarded as a 
difference between a subject’s capacity and normal 
capacity to detect sounds, based on the standards 
set by the American National Standards Institute 
(ANSI, 1989)1.

Hearing impairment may become a personal 
handicap. In adults, it can result in a number of 
psychosocial alterations, potentially hampering 
verbal language processing and thereby restricting 
communication and social contact. These communi-
cation difficulties have a negative impact on produc-
tivity at work, quality of health, quality of life, and 

ABSTRACT

Purposes: to evaluate the peripheral auditory system, by means of pure tone audiometry for farmers 
living in areas of heavy use of pesticides in the State of Rio de Janeiro. Methods: 70 individuals of 
genders, 35 farmers and 35 non-farmers, with ages between 25 and 59 years, residents Campos 
dos Goytacazes, were enrolled into the study. All subjects had their peripheral hearing evaluated by 
means of pure tone audiometry at frequencies of 250, 500, 1,000, 2,000, 3,000, 4,000, 6,000 and 
8,000 Hz. Individuals with alterations in external and middle ear and/or with a otologic complaint were 
excluded from the study. In addition, interview was conducted regarding health issues, socioeconomic 
status, education and exposure to pesticides. Hearing loss was considered if hearing thresholds were 
equal or more than 25 dB at any frequency tested. Results: the Odds Ratio of hearing loss was 
3.67 times (95% CI: 2.08 - 6.48) higher among agricultural workers (94.3%) when compared to non-
agricultural workers (25.7%). Furthermore, most of the hearing alterations were observed in the higher 
frequencies. Conclusion: this study suggests that the agricultural activity and possible exposure to 
pesticides increases the risk of hearing loss.
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 � METHODS

In observance of the standards applicable to 
research involving humans, this study was analyzed 
and approved by the Research Ethics Committee 
at the Institute of Public Health Studies (Instituto de 
Estudos em Saúde Coletiva), Federal University 
of Rio de Janeiro, according to Research Ethics 
Committee resolution no. 113/2009, process 
51/2009. All those who took part in the study were 
informed about the research procedures, had their 
queries answered, and signed an informed consent 
form.

This study is a cross-sectional epidemiological 
study.

70 subjects were evaluated, of whom 35 
were farm workers and 35 were not. They were 
of both sexes (54 male and 16 female) and were 
aged between 25 and 59. All lived in Campos dos 
Goytacazes and none complained of having hearing 
problems. 

The farm workers were recruited randomly from 
the Campos dos Goytacazes Farm Workers Union, 
and 35 were found to meet the inclusion criteria, 
which included the requirement that they had had 
chronic exposure to insecticides, fungicides and/
or herbicides. Their average age was 46.57. The 
hearing test was conducted using a soundproof 
audiometric booth in a quiet room at the union 
premises.

The control group were recruited from amongst 
orthopedics outpatients and cleaning staff at Guarus 
Municipal Hospital. They were chosen because their 
socioeconomic status was similar to that of the farm 
workers. Those who reported having exposure to 
noise or chemicals or any hearing impairment were 
excluded from the group. The average age of this 
group was 44.45. The study was conducted using a 
soundproof audiometric booth inside the hospital’s 
audiology department.

All the subjects had their external auditory canal 
inspected and acoustic immittance measured with 
the aim of verifying the functional integrity of the 
middle ear and the existence of any conductive 
or mixed impairment (obstruction of the external 
auditory canal, perforated tympanic membrane 
or other alterations in the middle ear). Those 
subjects found to have some kind of alteration of 
the external auditory canal or acoustic immittance 
were excluded from the study. Other exclusion 
criteria were the frequent use of ototoxic medication 
and existence of degenerative diseases. Acoustic 
immittance was measured using Mini-Tymp®, a 
portable tympanometer from Interacoustics, while 
the external auditory canal was inspected using a 
Heine otoscope.

increasing number of studies into the impacts of 
chemical exposure on auditory capacity, especially 
in workers 10-13. Sensory processing disorders in 
the auditory system have been associated with 
prescription drugs, such as aminoglycosides, 
quinine and others14.

It is believed that many chemical compounds 
could be ototoxic or neurotoxic, but little research 
has been done to confirm this. One of the groups of 
chemicals cited as potentially ototoxic is pesticides. 
Many of these are neurotoxic and could potentially 
affect hearing. Some studies have identified organo-
phosphorates as potential causers of permanent 
bilateral hearing loss14-17.

In a cross-sectional study conducted with 830 
individuals, the findings suggested that the risk of 
developing mild cognitive impairment was around 
five times higher in the group of individuals exposed 
to pesticides than it was in the group not exposed to 
these chemicals18.

In another study conducted with the aim of 
estimating the prevalence of peripheral hearing 
impairment in a group of workers exposed to 
organophosphorate and pyrethroid insecticides, 
auditory impairment was found. In those exposed 
only to the insecticides, 63.8% had hearing loss, 
with an average of 7.3 years elapsing between the 
start of exposure and the onset of hearing loss. 
For the group exposed to noise and pesticides, 
the prevalence of hearing loss was 66.7%, with the 
onset of hearing loss happening after 3.4 years on 
average14. The difference encountered between the 
group exposed only to pesticides and those exposed 
simultaneously to pesticides and noise was statisti-
cally significant.

In another study, 1622 farm workers from New 
York state were interviewed using a questionnaire. 
To assess the reliability of the questionnaire, 376 
audiometric tests were conducted. The findings 
of the research showed that 36% of the patients 
had hearing loss, characterized as some degree 
of hearing impairment in one or both ears. In the 
audiometric tests, 9% of the subjects had bilateral 
hearing loss at 0.5, 1 and 2KHz, 29% had bilateral 
hearing loss at 1, 2, 3 and 4KHz, and 47% had 
bilateral hearing loss at 3, 4, 6 and 8KHz19.

Brazil is one of the top users of pesticides in 
the world, especially in agriculture. Even so, few 
studies have been conducted to assess the impact 
of exposure to these substances on the auditory 
capacity of Brazilian farm workers. The aim of this 
study was to evaluate the peripheral auditory system 
by means of pure tone audiometry of agricultural 
workers living in an area of intensive pesticide 
usage in the state of Rio de Janeiro.
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workers (no exposure to pesticides). The average 
ages of the groups were 46.57 for the farm workers 
and 44.45 for the non-farm workers. 42.9% of the 
farm workers reported exposure to noise, 22.9% 
were smokers, and the majority (71.4%) did not 
regularly drink alcohol. As for their state of health, 
34.3% said they used some kind of medication 
regularly, and 65.7% said they did not have high 
blood pressure. Meanwhile, in the control group 
(non-farm workers), just 20% reported being 
exposed to noise in the workplace and/or leisure. 
As far as their habits were concerns, 22.9% of the 
non-farm workers reported that they smoked, and 
37.1% consumed alcoholic beverages regularly. 
45.7% of them also reported the regular use of 
medications and the same percentage had high 
blood pressure. Most of the workers (65.7%) and 
non-farm workers (51.4%) had had fewer than nine 
years of formal education (Table 1).

In the audiometric test, it was found that unilateral 
and bilateral hearing loss was more prevalent 
amongst the farm workers for all the frequencies 
analyzed, and that this difference was statisti-
cally significant. When the adjusted results for the 
speech frequency average were analyzed, 45.71% 
(16 individuals) were found to have bilateral hearing 
loss and 17.14% (6 individuals) unilateral hearing 
loss. Meanwhile, the prevalence of bilateral hearing 
loss amongst the non-farm workers was 5.71% (2 
individuals), while unilateral hearing loss was found 
in three individuals (8.57%). Meanwhile, for the high 
frequency average there was a 45.71% prevalence 
(16 individuals) of bilateral hearing loss and 25.71% 
prevalence (9 individuals) of unilateral hearing loss 
amongst the farm workers, while these values were 
28.57% (10 individuals) and 5.7% (2 individuals) for 
the non-farm workers, respectively (Table 2).

The interviews were conducted using a semi-
structured questionnaire designed to gather 
information on personal data, occupational risks, 
non-occupational risks, the use of personal 
protective equipment, history of hearing problems 
and general health, socioeconomic status, 
education, and exposure to pesticides. The occupa-
tional health questions included a description of 
their work and their exposure to noise, pesticides 
and other chemicals. The results of the hearing tests 
were attached to the subjects’ questionnaires after 
each interview. All the tests were conducted by the 
same audiologist using standard methods. 

All the subjects had their peripheral hearing 
tested using pure tone audiometry at the following 
frequencies: 0.25, 0.5, 1, 2, 3, 4, 6 and 8KHz. 
Thresholds were determined by descending presen-
tations of tones, then confirmed by an ascending 
series. An Interacoustics audiometer, model AC33, 
was used, which was calibrated according to ISO 
R389 (1991) prior to data collection. Those subjects 
with a threshold of 25dB or more for any of the 
frequencies tested were considered to have hearing 
loss.

The data were analyzed statistically using the 
SPSS Statistics package, version 17.0. Fisher’s 
exact test and Pearson’s chi-squared test were 
used to evaluate the statistical significance of the 
difference in the prevalence of hearing loss amongst 
the farm workers and non-farm workers. Finally, 
unconditional logistic regression was used to adjust 
the odds ratio.

 � RESULTS

The majority of the subjects in the study were 
male (77.2%). There were 35 subjects in the group 
of farm workers and 35 in the group of non-farm 
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Table 1 – Characteristics of the study participants

Farm workers Not farm workers
Age (average)
25 – 44
45 – 59

n          %
35.3
53.9

n           %
35.6
50.3

Sex
Male
Female

27       77.2
08       22.8

27        77.2
08         22.8

Exposure to noise
Yes
No

15      42.9
20      57.1

7         20
28       80

Smoking
Yes
No

8        22.9
27      77.1

8         22.9
27       77.1

Alcohol consumption
Yes
No

10      28.6
25      71.4

13       37.1
22       62.9

Regular medication
Yes
No

12      34.3
23      65.7

16       45.7
19       54.3

High blood pressure
Yes
No

12      34.3
23      65.7

16       45.7
19       54.3

Years of schooling
Illiterate
Less than 9 years
9 years
10-12 years
12 years

6        17.1
23      65.7
2        5.7
2        5.7

12.9

0          0
18        51.4
13        37.1
2          5.7

25.7

Table 2 – Prevalence of unilateral and bilateral hearing loss

Hearing Loss
Farmers

Unilateral
Non-Farmers 

Unilateral p valuea Farmers
Bilateral

Non-Farmers
Bilateral

p valuea

Speech 
Range

Yes 6 (17.14%) 3 (8.58%) 0.028 16 (45.72%) 2 (5.71%) < 0.001Nob 13 (37.14%) 30 (85.71%) 13 (37.14%) 30 (85.71%)
High 
Frequency 
Average

Yes 9 (25.71%) 2 (5.71%)
0.002

16 (45.72%) 10 (28.57%)
0.008Nob 10 (28.57%) 23 (65.72%) 10 (28.57%) 23 (65.72%)

a. Obtained from Fisher’s exact test (when n<5) and the Pearson-Fisher chi-squared test (when n>5)
b. Control group with no unilateral or bilateral hearing loss

In order to facilitate the analysis of the audio-
metric tests, the averages of the speech frequencies 
(0.5 – 2KHz) and high frequencies (4 – 8KHz) were 
calculated. The results were regarded as divergent 
when these averages were higher than 20dB, 
according to Frota20. The estimated risk of hearing 

loss in the left and right ear was analyzed for the 
speech frequency and high frequency averages. 

In the speech frequency range, the risk of the 
farm workers having hearing loss was 12.7 (CI 
95%: 3.3 – 49.2) for the right ear and 9.2 (CI 95%: 
2.7 – 21.7) for the left ear. Meanwhile, for the high 
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between 25 and 30dB, while for the control group 

this variation was between 10 and 13dB. Another 

major difference was the maximum threshold levels: 

at 8KHz, a 90dB threshold was found for the farm 

workers, while for the control group it was 30dB. In 

both groups, the values rose as the frequency rose 

from 2 to 8KHz.

Figures 1 and 2 (below) show the average, 
minimum and maximum results found for the farm 
workers and non-farm workers per frequency (0.25, 
0.5, 1, 2, 3, 4, 6 and 8KHz). 

By analyzing the results of the minimum, 
maximum and average values per frequency, the 
difference between the averages of the two groups 
can be seen. Mainly at the high frequencies (3 to 
8KHz), the average for the farm workers varied 

yielded an increased risk: 17.0 (CI 95%: 3.6 – 79.3) 
for the speech frequency range in the right ear, 
14.8 (CI 95%: 3.4 – 64.4) for the speech frequency 
range in the left ear, 7.1 (CI 95%: 1.9 – 26.3) for high 
frequencies in the right ear, and 7.0 (CI 95%: 2.0 – 
23.8) for high frequencies in the left ear (Table 3).

frequencies, the risk was found to be 4.1 (CI 95%: 
1.5 – 11.3) and 4.7 (CI 95%: 1.7 – 13.0) respectively 
for the right and left ears.

To control the confounding variables, the results 
were adjusted for noise exposure, age, education, 
smoking, regular drinking, regular use of medica-
tions, and high blood pressure. All the averages 

Table 3 – Estimated risk (odds ratio) of the association between agricultural work and hearing loss

Farm Workers Not Farm 
Workers cOR* (CI 95%) aOR* (CI 95%)

RE speech range 19 (54.28%) 3 (8.57%) 12.67 (3.26 – 49.23) 17.05 (3.66 – 79.39)
LE speech range 19 (54.28%) 4 (11.42%) 9.20 (2.67 – 21.66) 14.90 (3.44 – 64.48)
RE high average 23 (65.71%) 11 (31.42%) 4.182 (1.54 – 11.35) 7.14 (1.93 – 26.37)
LE high average 24 (68.57%) 11 (31.42%) 4.76 (1.73 – 13.06) 7.03 (2.08 – 23.84)

Key: cOR – crude odds ratio; aOR – adjusted odds ratio; RE – right ear; LE – left ear
* adjusted by exposure to noise, age, education, smoking, drinking, medication use and high blood pressure

Figure 1 – Average, minimum and maximum values of the farm workers

FARMERS

dB

average

minimum

maximum
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at 4KHz: 53% for the workers and 67% for the farm 
workers23.

In other studies 9,24-26, a higher prevalence of 
hearing loss in farm workers was also found, with 
worse thresholds for high frequencies exacerbated 
by exposure to noise. 

In this study, the prevalence of hearing loss at 
high frequencies was 71.42% for the farm workers 
and 34.28% for the control group. This could be 
explained by the age of the subjects, since most 
were between 45 and 59 years of age (54.9%). 
Another factor relating to the farm workers is that 
they had higher exposure to noise (42.9%) than the 
group without exposure to pesticides (20%). In a 
study conducted to estimate the extent of occupa-
tional hearing loss amongst Polish farm workers 
who drove tractors, 45 workers aged 21 to 50 were 
evaluated. The study found that the group exposed 
to tractors, especially those aged over 30, yielded 
statistically worse results in high frequencies (3, 4 
and 6KHz) than the control group of the same age26, 
corroborating the fi ndings of this study. Meanwhile, 
in another study to assess the prevalence of hearing 
impairment in high school students in a rural part 
of Wisconsin, USA, 872 adolescents did a hearing 
test. The fi ndings indicated a greater prevalence 
of hearing loss amongst the youth involved in rural 
activities than those that were not27, showing that 
although the prevalence of hearing impairment is 
higher in older age groups, there is still a higher 
prevalence of hearing loss amongst young farm 
workers than young people without exposure to 
pesticides.

 � DISCUSSION

The fi ndings of this study show a greater preva-
lence of hearing impairment in individuals exposed 
to pesticides. These data are compatible with the 
fi ndings of other studies involving farm workers 
reported in the literature14,15,17,19,21-26.

In this study, a high rate of unilateral and bilateral 
hearing loss was encountered amongst the farm 
workers: 62.85% in the speech frequency range and 
71.42% in the high frequency range. Meanwhile, for 
the non-farm workers, the prevalence of impairment 
was only 14.28% for the speech frequency range 
and 34.28% for the high frequency average. We 
did not fi nd any signifi cant difference between the 
ears of the two groups studied. The values encoun-
tered for the individuals with and without exposure 
to pesticides are similar to those reported in other 
studies 21- 23. In a cross-sectional study conducted 
with 150 immigrant farm workers in the USA, the 
authors encountered alterations in the audiometric 
tests in over 50% of the group studied, especially 
for high frequencies, while 35% reported diffi culty 
understanding speech 21. In another study of 49 
randomly selected full-time farm workers, they were 
found to have 65% hearing loss for high frequencies 
and 37% for middle frequencies, while the non-farm 
workers had 37% hearing loss for high frequencies 
and 12% hearing loss for middle frequencies. The 
hearing in the farm workers’ left ears was found to 
be signifi cantly worse22. In another study involving 
147 workers and 150 farm workers using pure tone 
audiometry and self-evaluation questionnaires, a 
high percentage of hearing impairment was found 

Figure 2 - Average, minimum and maximum values of the non-farm workers 
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dB
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 � CONCLUSION

The results of this study suggest that chronic 
exposure to pesticides may affect the peripheral 
auditory system even without exposure to noise. Data 
from this and other studies suggest that chemical 
exposure deserves greater attention in programs for 
the prevention of hearing loss, independent of noise 
exposure. Further studies should be conducted to 
assess the neurotoxic effects of pesticides.

In this study, we found an approximately fourfold 
risk of hearing loss at high frequencies which, when 
adjusted for age, noise exposure, high pressure, 
smoking, drinking, use of medications and education, 
rose to seven. In a study of 150 farm workers in 
Iowa, USA, an estimated risk of 1.62 was found for 
the better ear, 1.67 for asymmetrical hearing loss 
and 1.96 for the worse ear. Subjects exposed to 
noise were found to have a higher risk of hearing 
loss15. This study shows that the use of pesticides 
could contribute towards peripheral hearing loss, 
with or without exposure to noise. 
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RESUMO
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