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ABSTRACT

The Purpose of this case report is to present four cases of tobacco growers with hear-
ing loss due to occupational exposure to pesticides. A qualitative case study compris-
ing three cases of sensorineural hearing loss with causal nexus (Cases 1, 2 and 4), and
one (Case 3) of sensorineural hearing loss compatible with ototoxicity by pesticides,
with causal nexus mainly based on minor neuropsychiatric disorders. The sample was
composed of rural workers with health problems, in working age, having started work-
ing early in life, exposed to various pesticides, including organophosphates. The audi-
tory and neurovegetative symptoms reported were noise discomfort (n = 2), speech
perception difficulty (n = 3), dizziness (n = 2), and imbalance (n = 2). The pure-tone
audiometry revealed a sensorineural hearing loss in one or more high frequencies,
and one of the cases presented alteration in the brainstem auditory evoked potentials.
There is evidence, in this study, of an association between hearing loss and work in
tobacco growers exposed to pesticides, with peripheral auditory damage in four cases,
and central damage in one of them. Thus, the need for a complete audiological evalua-
tion of pesticide-exposed populations is highlighted.
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INTRODUCTION

The main goal of occupational health is to under-
stand and intervene in the relationship between labor
and health, to develop the comprehensive health care
given to workers. In addition, it aims to promote and
protect their health, further health vigilance actions, and
assist in work-related health conditions'=.

Intoxication caused by substances present in the
working environment is one of the workers’ health
conditions. In Brazil, case notification of work-related
exogenous intoxication, including those caused by
pesticides, is mandatory and must be submitted to
the sanitary authorities*. Notifying noise-induced
hearing loss (NIHL) to the sanitary authorities is also
compulsory*.

Both the Pan American Health Organization (PAHO)
and the World Health Organization (WHO) consider a
case with suspicion for pesticide intoxication “every
individual who, having been exposed to pesticides,
presents clinical signs and/or symptoms of intoxi-
cation”. Moreover, even with no clinical signs and/or
symptoms of intoxication, cases of people who have
been exposed to pesticides and present laboratory
alterations compatible with intoxication are also
considered suspicious for it®.

There is evidence that hearing loss can be related
to endogenous pesticide intoxication®’, which may be
considered an early manifestation of chronic intoxi-
cation by this chemical agent®. For this reason, both
basic and complementary audiological assessments
contribute to early identifying the intoxication and
determine the causal nexus in the pesticide-exposed
populations®. However, there are few studies demon-
strating such evidence.

A study'® aimed at researching chronic pesticide
intoxication and its relationship with the work process
in tobacco growth assessed 46 individuals with a quali-
tative and quantitative approach. They were surveyed
regarding pesticide intoxication signs and symptoms,
a lifestyle characterized according to their employment
and consumption habits, and their correlation with the
current production process. They were submitted to
anamnesis with detailed work history, and physical
and complementary examinations®. The relationship
between their condition and pesticide exposure was
confirmed in 20 of the 46 adults assessed. The three
most common manifestations in chronic intoxication
due to occupational exposure to multiple pesticides
were: minor psychiatric disorders (90%), sensorineural
hearing loss (15%), and organophosphate-induced late
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polyneuropathy (10%)'. All the cases were notified to
the sanitary authorities and referred for the necessary
assistance, according to each situation, at the public
health care system (Sistema Unico de Satide — SUS).
Each one of them was also given a medical report
following the necessary guidance. After the intoxication
was confirmed, they were advised to withdraw from
pesticide exposure, as their clinical condition could be
aggravated'®.

Given the above, to state the contribution of audio-
logical assessments in determining the causal nexus
in chronic pesticide intoxication cases, this case
study aimed to present four cases of tobacco growers
exposed to pesticides, identified in a previous study’,
who had a causal nexus between hearing loss and their
occupation.

CASE REPORT

Presentation of Clinical Cases

This is a case study with a qualitative data analysis.
It was approved by the Human and Animal Research
Ethics Committee of the Universidade Estadual do
Centro QOeste do Parana, COMEP/UNICENTRO, in
Brazil, official letter no. 081/2011, title page no. 413146,
and evaluation report no. 023/2011, dated October 17,
2011. The Informed Consent Form was duly signed.

This case study’s sample comprised four cases
selected due to the occurrence of hearing loss and
concomitant causal nexus to pesticide exposure. Three
of these cases had sensorineural hearing loss with the
causal nexus confirmed (Cases 1, 2 and 4), and one
(Case 3) with sensorineural hearing loss compatible
with pesticide ototoxicity; in this case, the causal nexus
was confirmed based mostly on minor neuropsychi-
atric disorders. These four cases made up the sample
of a previous study'. However, elements important
to determine the causal nexus — e.g., the audiological
findings and the aspects considered in decision-
making — were not previously presented.

In the study of work-related exposures, various
aspects were considered, and the criteria were followed
according to the Brazilian Federal Council of Medicine
Resolution no. 1.940/2010':

* Time of exposure: the investigation of total work
exposure in contact with pesticides was relevant.

* Workload and work process: the forms of exposure,
aerosol pesticide application (back sprayer, airborne
pesticides), contact with the skin or respiratory



system, and others were considered. Also, the

know-how of the activities performed during the

workday and the seasons (preparing the sprouts,
planting, harvesting, and others).

* Types of pesticides: the chemical products used in
the work process were investigated (organophos-
phates, carbamates, pyrethroids, herbicides, fungi-
cides, and others).

* Type of environment: the environment where the
worker performs their duties was visited.

* Use of personal protective equipment (PPE): it
was investigated whether they used protective
equipment (as boots, coveralls, impermeable gloves
and hood, goggles, chemical respirator mask).

e C(Clinical assessment: the anamnesis — with the
detailed description of all symptoms reported,
especially the neuropsychiatric ones — was an
important element of the study.

The cases were assessed by three physicians and
one speech-language-hearing therapist, when the
relationship between the health condition and occupa-
tional exposure to multiple pesticides were either
confirmed or dismissed, following the abovementioned
criteria'. In the cases requiring specialized assessment,
a neurologist was invited to join the team.
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RESULTS

The aspects considered to determine the nexus
of the four cases presented in this study were: 1) the
data collected in the anamnesis and presented in the
characterization of the clinical health condition and
assessment of pesticide exposure (Figures 1, 2, 3, and
4); 2) the audiological examinations (Figure 5). The
epidemiological data in the group’s area of exposure
were also analyzed, as well as the history of acute intox-
ications and their seriousness, collected in a previous
study™. All these aspects are individually detailed in
Figures 1 to 5.

The involvement of a multidisciplinary team and
the use of a protocol that considered the social deter-
minants of health®'2, were necessary to establish the
relationship between the auditory symptoms or altera-
tions and the chronic pesticide intoxications.

Sample Characterization

To characterize the sample, the data identifying
the participants and those related to their work and
health conditions are presented in Figures 1, 2, and 3,
respectively.

Identification Case 1 Case 2 Case 3 Case 4

Age 47 years 49 years 53 years 39 years

Gender Male Male Male Male
Schooling Unfinished middle school | Unfinished middle school | Unfinished middle school | Unfinished middle school

Source: The authors.

Figure 1. Data on pesticide-exposed tobacco growers
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Work data Case 1 Case 2 Case 3 Case 4
Type of crop Tobacco Tobacco Tobacco Tobacco
Time of exposure 30 years 41 years 38 years 30 years
Uses machinery No No No Yes
Wears personal
protective equipment Yes ves Yes Yes
Equipment used in Back sprayer Tractor
application Back sprayer Back sprayer Back sprayer (seasonal)
. Preparing the product Preparing the product Preparing the product
Applying ) . .
Other contacts Washin Applying Applying Applying
g Washing Washing Washing
Carbamate
Carbamate Dinitroaniline Dithiocarbamate Dinitroaniline
Dithiocarbamate Dithiocarbamate Glyphosate "
o Dithiocarbamate
. Glyphosate Glyphosate Neonicotinoid o
Pesticide L Neonicotinoid
Organophosphate Neonicotinoid Organophosphate
) . Organophosphate
Pyrethroid Organophosphate Pyrethroid Others
Others Pyrethroid Others
Others
Source: The authors.
Figure 2. Data related to the work of pesticide-exposed tobacco growers
General health Case 1 Case 2 Case 3 Case 4
Diseases in childhood No No No No
Other chronic diseases Yes No Yes Yes
Neuropsychiatric Yes Yes Yes
S psy No Minor neuropsychiatric | Minor neuropsychiatric | Minor neuropsychiatric
ymptoms ’ ; X
disorders disorders disorders
. Blurred vision, memory
Other symptoms High blood pressure No loss, anxiety No
SRQ-20 Negative Positive Negative Positive
Use of medications No Yes No No
Smoker Yes Yes No Yes
Ex-smoker No No Yes No
Alcoholism Yes No No No
Has already been
intoxicated by pesticide Yes Yes Yes Yes

Source: The authors. Legend: SRQ-20 = Self-Reporting Questionnaire, Brazilian version

Figure 3. Data related to the general health of pesticide-exposed tobacco growers
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Audiological Assessment The data from both the basic and complementary

The data related to the auditory and neurovegetative ~ @udiological assessments are presented in Figure 5.

symptoms are presented in Figure 4.

Auditory Health Case 1 Case 2 Case 3 Case 4
Hears well Yes No No Yes
Otalgia No No No No
Tinnitus Yes No Yes No
Noise discomfort Yes Yes No No
Sensation of ear fullness No Yes No No
Difficulty to comprehend Yes Yes No Yes
Dizziness No Yes Yes Yes
Headache No Yes Yes Yes
Imbalance No Yes No Yes
Exposure to intense sounds No No No Yes

Source: The authors.

Figure 4. Data related to the auditory and neurovegetative symptoms of pesticide-exposed tobacco growers

Tests Case 1 Case 2 Case 3 Case 4
RE—SNHL 3, 4
- and 6 kHz
RE-RALOaNdB KMz | o\ 4 6andkHz | SNHL3, 4and6kHZ |  |p_sniLs 46
LE — SNHL 4, 6 and : . 4,
bilateral bilateral
Pure-tone audiometry 8 kiz Down-slope Down-slope and 8 iz
(gmnjﬁ%% configuration configuration Co:f;?lérstlor;:
g . Normal mean airway Normal mean airway note an
Normal mean airway down-slope LE
Normal mean airway
) . RE - Type Ad . .
Tympanometric curve Type A bilateral LE — Type A Type A bilateral Type A bilateral
LE absent Present and normal
Prgsent and normal (IPSI and CONTRA) _
bilateral (IPSI and Bilateral, except for 4 kHz Absent bilateral
Acoustic reflex CONTRA) RE present, exceptfor | pr (IPSI) and present sent bilatera

2 kHz (IPSI), and (IPSI e CONTRA)

present, except for 2 and
4 kHz (CONTRA) (CONTRA)

BAEP Normal Normal Altereq bilateral Normal
Delay in V-wave

Recruiting suggested in
4 KHz bilateral

only in 2 kHz bilateral

Legend: RE - right ear; LE — left ear; RHL — restricted hearing loss; SNHL — sensorineural hearing loss; IPSI - Ipsilateral acoustic reflex; CONTRA — Contralateral
acoustic reflex; BAEP- Brainstem auditory evoked potentials.
Source: The authors.

Figure 5. Results of the audiological assessment (basic and complementary) of pesticide-exposed tobacco growers
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DISCUSSION

This case study presented four cases of tobacco
growers exposed to pesticides, who presented a causal
nexus between hearing loss and their occupation. The
causal nexus was determined based on the work and
health findings, and each case’s auditory condition.

The authors suggest the need to look beyond the
clinical approaches and consider the data related to
each one’s susceptibility and vulnerability, as well as
their lifestyle, work and life conditions (production
policies, work processes, and workers/employers’
organization), socioeconomic, cultural and environ-
mental situation in general®2.

Figures 1, 2, and 3, respectively, reveal the sample’s
profile that determined the nexus between work and
health. It is highlighted that the sample comprised
rural workers, in working age, though having begun
working early in life, with low schooling, exposed to a
variety of pesticides (including the organophosphates),
and presenting health problems that could be related
to pesticide exposure. These findings corroborate
national studies that show similar profiles, in terms both
of work™'” and health'”.

Some authors observed the simultaneous use of
various substances in the procedures of working with
pesticides; this fact was also reported by the tobacco
growers interviewed in this study'* (Figure 2). The use
of combined substances is widely discussed''®, and it
is emphasized here that the sum of various chemical
substances can cause independent, synergic, and
antagonistic effects on human health; moreover,
different situations, as eating habits, drinking and
smoking can interfere with the effects on health.
Another study™ verified the use of more than 100
different pesticide formulations, referring that this
frequently occurs without technical guidance.

Regarding the auditory and neurovegetative
symptoms reported by the participants in this study,
noise discomfort (n = 2), speech perception difficulties
(n = 3), dizziness (n = 2), and imbalance (n = 2) stand
out (Figure 4). These symptoms were essential to
determine the nexus. The Health Vigilance Manual for
Pesticide-Exposed Populations from the Pan American
Health organization® mentions the signs and symptoms
related to pesticide intoxication, such as dizziness.

Studies indicate that pesticides, including the
organophosphates, can modify the action of the
efferent auditory system by inhibiting acetylcholines-
terase, accumulating acetylcholine in the peripheral
auditory system and sensory pathways. In the central
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auditory system, the accumulation of acetylcholine
affects the transmission of action potentials from the
efferent system of the superior olivary nucleus to the
cochlea®. These alterations can damage the auditory
and vestibular systems and be also associated with
symptoms as tinnitus, dizziness, speech perception
difficulties, and others. The authors recommend further
studies on the auditory effects caused by the simulta-
neous use of various substances®’.

Dizziness was reported by 35.7% and 72.25% of
workers, respectively, in some pieces of research??',
In another study, it was also diagnosed in 88.8% of
agricultural workers and identified as of the irritative
peripheral type®2. Another symptom brought up was
speech perception difficulty, present in 46% of the
sample of exposed workers®. In other studies, besides
dizziness, tinnitus (46%) and speech perception diffi-
culty (29%) were also found®. In addition, headache
(59.1%), tinnitus (27.3%), and imbalance (22.7%) were
found in this population®. Thus, it is pointed out that
the action of neurotoxic chemical substances can affect
both hearing and balance, which justifies the above-
mentioned complaints and findings among agricultural
workers?,

When studying the effects on the central nervous
system of workers exposed to multiple pesticides',
complaints of headache, fatigue, asthenia, vertigo,
insomnia, anxiety, and irritability were found in
72.5% of the sample. Less frequently, complaints of
tinnitus, nystagmus, mental confusion, blurred vision,
convulsion, episodes of depression, and psychomotor
excitement were also observed.

Concerning the ototoxicity in workers exposed to
organophosphates, studies®® showed that all subjects
in the research had dizziness. The authors suggested
that this symptom be researched by the agents respon-
sible for medical care, who work in the areas where
there is agricultural activity nearby. They call attention to
the fact that this occupation involves also the workers’
family and that the literature reports about dizziness as
a symptom of intoxication, with severe outcomes, inter-
fering with both the capacity to work and the family and
social quality of life.

Regarding the speech perception difficulties
reported by the tobacco growers (n = 3), it is observed
that the tritone mean value of the audiometric thresholds
is normal in all cases, but a hearing loss in high
frequencies could have contributed to such difficulty.
Nevertheless, the hypothesis of alteration in the central
auditory processing in cases of chronic pesticide



intoxication must not be dismissed®”2*, Authors?” report
that complaints of speech perception difficulties incom-
patible with the audiometric findings — in the sense of
pure-tone thresholds not showing sufficient hearing
loss to justify such difficulties — should always be suspi-
cious for auditory processing disorders. To validate
this hypothesis, the central auditory processing test is
recommended.

As for the audiological findings of the cases
presented (Figure 5), the results show peripheral and
central damage. Studies demonstrated that pesticide
exposure contributes to damage in the peripheral and/
or central auditory and/or cognitive and/or vestibular
system. This makes it necessary to apply comple-
mentary auditory tests when assessing pesticide-
exposed subjects, besides the tests normally used in
basic audiological assessment? 1622242735,

The pure-tone audiometry results revealed a senso-
rineural hearing loss in one or more high frequencies
with a down-slope or notch configuration. Similar data
were found in a study?® with tobacco growers, where the
most affected frequencies in the pure-tone threshold
audiometry were the high ones (3 to 6 kHz), whereas,
in the high-frequency audiometry, they were the 9000
and 11200 Hz ones. In a study®, the audiometric
tracing varied in the pesticide-exposed population,
although with a greater incidence of down-slope audio-
metric curves. There were no cases with notch configu-
ration, yet it should be mentioned that in the population
studied there was no mention of noise exposure, only
pesticide.

Regarding notch configuration, exposure to
chemical products can, in certain cases, cause hearing
loss with the same audiometric characteristics of the
noise-induced hearing loss®; however, these findings
cannot be generalized to all chemical products because
the audiometric characteristics can change depending
on the type of chemical product, as solvents, metals,
carbon dioxide, pesticides, and others.

The tympanometry and acoustic reflex results
revealed type A curves and presence of acoustic reflex
in certain frequencies. On the other hand, there are
studies® in which pesticide exposure is associated
with the absence of acoustic reflex, as presented in
case 4. In the study with agricultural workers®, the
absence of acoustic reflex was greater in the group of
workers exposed to various types of pesticides when
compared to the control group in various frequencies
analyzed. Moreover, in another study®, there was a
greater number of abnormal reflexes in the group of

Pesticide-related hearing loss | 7/9

pesticide-exposed workers when compared to the
nonexposed group.

The absence of acoustic reflex obtained in the
cases assessed would not in itself indicate injury in the
brainstem structures, given that peripheral hearing loss
could influence reflex threshold®.

Concerning the BAEP, one participant presented
absolute V-wave latency bilaterally, which could be
associated with a diffuse impairment of the auditory
pathways, both in the upper and lower brainstem®. The
BAEP findings in this study corroborate other pieces
of research conducted with pesticide-exposed popula-
tions'™%. A study'® demonstrated that the increase
occurred in absolute V-wave latency in both ears. In
contrast, in the studies by Jayasinghe and Pathirana
(2011)%", there was no difference in the BAEP records
in pesticide-exposed populations in comparison with
nonexposed populations. This subject calls for further
investigations.

Given the above, pesticide exposure may have
caused peripheral auditory damage in all four cases
presented, and central damage in one of the cases.

In a study conducted with agricultural workers,
researchers® concluded that the population studied,
despite directly working with pesticides, were unaware
of auditory alterations associated with their use. The
authors highlighted the need for actions to promote
agricultural awareness of auditory risks and general
health caused by their labor activities.

It is recommended that complete audiological
assessments (both peripheral and central) be included
for pesticide-exposed populations, as well as vestibular
assessment (due to complaints of dizziness and/
or vertigo), to determine the causal nexus in workers
exposed to pesticides. It is also necessary to notify the
sanitary authorities (the SINAN, in Brazil) of the cases of
hearing loss related to pesticides and refer them to the
public health care (SUS) assistance®°.

Moreover, attention is called to the importance of
informative and educative actions on the part of health
professionals, safety engineers, and others, besides the
governmental health assistance and vigilance systems,
to work together with the agricultural workers. These
actions should encourage them to resort to protective
equipment and use fewer amounts of pesticide or
substitute them for equivalent, less toxic products
in their activity. Equally important are the projects to
develop planting techniques without the need for pesti-
cides. Hence, agriculture professors should consider
important issues as pesticides in their reflections, for
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them to contribute to a more comprehensive training of
the future agricultural workers®:4°,

CONCLUSION

This case study,
considered and the criteria followed',
association between both peripheral

according to the aspects
showed an

and central

hearing loss and work in pesticide-exposed tobacco
growers. Peripheral auditory damage was seen in the
four cases, and central damage in one of them, demon-
strating the need for complete audiological assessment
of pesticide-exposed populations.
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