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Abstract

Introduction: Simultaneous exposure to certain chemical agents and noise
may cause synergistic, additive or potentiating effects on the auditory and
vestibular system. However, there is still a lack of studies investigating simul-
taneous exposure to pesticides and noise in the vestibular system. Purpose: To
analyze the findings of the vestibular evaluation of endemic diseases combat
agents when simultaneously exposed to pesticides and noise. Method: Thir-
ty-three male pesticide-exposed and noise-fighting endemic diseases combat
agents participated in the study. The age range was 48 to 67 years (mean = 56
years). All participants underwent vestibular examinations, such as positional
nystagmus research, spontaneous nystagmus with open and closed eyes,
semi-spontaneous nystagmus, optokinetic nystagmus, pendular screening, per
rotatory, caloric tests and tonal audiometry. Data were analyzed by descriptive
statistics. Results: Altered exams were presented in 36.4% of the cases. There
was no statistically significant relationship between pesticide handling time
and test results (p = 0.2825). The results of pure tone audiometry correlated
significantly (p = 0.0494) with the vestibular exams, as participants who pre-
sented with worse hearing thresholds at the frequency of 4000 Hz in the right
ear also presented altered results in the vestibular exam. Conclusion: The
present study concluded that more than 1/3 of the studied population pre-
sented with vestibular dysfunction, which was related to anterior and post-
erior labyrinth alteration (Cochlear-Vestibular Syndrome). No central vesti-
bular alteration was noted in this population.
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1. Introduction

The endemic diseases combat agents (EDCA) are professionals who work in
public health preventing and fighting diseases present in the environment, such
as dengue fever, Chagas’ disease, leishmaniasis, and malaria [1]. Their job in-
cludes inspecting houses, empty lots, warehouses, and commercial establish-
ments, searching for outbreaks of endemic diseases. They also manipulate and
apply larvicides and insecticides to fight vectors and instruct the population re-
garding the prevention and treatment of infectious diseases [2].

The co-exposure to physical and chemical risks are occupational hazards that
must be considered regarding this profession. Authors [3] reported that the
EDCA are the health professionals most exposed to pesticides, as they are ex-
posed to it from preparing the solution to applying it. The contamination may
be through skin absorption and breathing, especially among the agents that
spray the pesticides [4]. However, they are not exposed to pesticides alone, but
also to noise from the automatic pump sprayers and heavy ultra-low volume
(ULV) sprayers. Although the noise level is reported in a few studies related to
pesticide exposure, its assessment is advisable.

Besides the occupational risks related to physical and chemical agents, there
are also the ergonomic, social, biological, and accident risks [5]-[12].

Regarding the damages to health, a study pointed out that the main diseases
and symptoms reported by the EDCA are the risks of skin cancer, pain from
work-related repetitive strain injury and musculoskeletal disorders, as well as the
risks of headache and dizziness [13].

Studies have shown damage to the peripheral and central auditory system of
populations exposed to pesticides [7] [14]-[25]. However, in most studies, the
noise was either not present or its exposure was not considered. In addition,
some studies have addressed the effects of pesticides on the vestibular system in
humans [15] [26] and in guinea pigs [27] [28].

Hence, this study aimed to evaluate the vestibular functions in endemic dis-

eases combat agents.

2. Methods
2.1. Type and Location of the Study

This descriptive, prospective, cross-sectional study was conducted at a speech lan-

guage pathology clinic in southern Brazil.

2.2. Ethical Issues

This study was approved by the Research Ethics Committee (REC) of the Work-
er’s Hospital/SES/PR by Plataforma Brasil, protocol number 1.242.014. Please be
informed that all ethical precepts have been respected.

The Informed Consent Forms (ICF) were obtained during interviews con-
ducted individually, in a private room, while safeguarding the identity and inte-

grity of each participant. All participants were informed on the objectives and
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procedures of the research, and freely and spontaneously signed the informed
consent form, without the burden of participation and with the freedom to

withdraw at any time.

2.3. Study Population

The selected population was public employees of the State of Parana who work
in campaigns to combat vectors present in the environment.

An invitation was sent by the Syndicate to all public employees of the state.
After freely accepting to participate in the study, the employees were sent, on
pre-scheduled dates, to a clinic in the south of the country.

Thus, the population sample consisted of 33 male EDCA, aged 48 to 67 years
(mean = 56 years; SD = 5.3), occupationally exposed to pesticides (organophos-
phate and pyrethroid insecticides), and noise generated by automatic pesticide
sprayers on average for 31.33 years (range of exposure from 20 to 42 years).

Usually, the morning shift with heavy ULV goes from 5:00 a.m. to 8:00 a.m.,
possibly extending up to 10:00 a.m. The afternoon shift goes from 4:00 p.m. to
8:00 p.m., possibly extending up to 10:00 p.m. Workers are exposed to risk
agents for six to 10 hours a day on average, besides the time they take maintain-
ing the equipment preparing the substances.

As for the backpack ULV, the time of exposure can reach eight hours a day,
avoiding the intense sun hours. However, according to information from the
place that sent the pesticide- and noise-exposed workers, the time of exposure to
the risk agents ranged from four to six hours a day.

According to the information provided by the XXX, the equivalent mean level
of motorized backpack pumps is 107 dBA/4 hours (Leq decibel in weighting A
for four hours), while the vehicle-coupled heavy Ultra Low Volume (ULV) ge-
nerates a 75 dBA/4 hours noise inside the vehicle with closed windows and 110
dBA/4 hours outside the vehicle.

In addition to noise exposure, participants reported exposure to organophos-
phate and pyrethroid pesticides, as well as a history of past exposure to other
types of pesticides, such as organochlorines, carbamates, and larvicides.

Regarding the use of personal protective equipment, 27 (82%) EDCA reported
using hearing protectors during work activities. In addition to hearing protec-
tors, workers reported wearing a breathing mask, disposable clothing, hats,
boots, waterproof gloves, and goggles. Tasks performed by the agents included
pesticide preparation, application, and material cleaning after application. The
application of pesticides involved spraying the poison through the backpack

pump, hand pump, and tracked vehicles.

2.4. Procedures

All the participants were submitted to a vestibular assessment to verify the exis-
tence of vestibular disorders and tonal audiometry after an inspection of the ex-

ternal ear canal was conducted with the MD Mark II model otoscope.
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The vestibular function evaluation was performed on a single day in the
morning, with groups of 3 to 4 workers per day/evaluated. In total, there were
six months for data collection, which is performed every fifteen days, on Fridays,
from 7:30 a.m. to 11:00 a.m.

The vestibular function evaluation is composed of many labyrinthine function
and ocular tests. The first part of the evaluation was clinical and consisted of a
systematic search for spontaneous, gaze, and positional nystagmus (Brandt &
Daroff’s maneuver).

We have used the vector electronystagmography (VENG), model VN316
(Berger Eletromedicina Ltda., Sio Paulo, Sio Paulo, Brazil), a Ferrante COD
14,200 rotating chair with a rotation of 0.01 to 0.5 Hz, (Ferrante, Sdo Paulo, Sdo
Paulo, Brazil), an EV VEC visual stimulator (Neurograff Eletromedicina Ltda.,
Sdo Paulo, Sao Paulo, Brazil), and an air NGR 05 caloric stimulator (Neurograff
Eletromedicina Ltda., Sdo Paulo, Sdo Paulo, Brazil). The flow rate used was of 5
and 13 L/min. Next, we conducted the eye and labyrinth VEG tests, according to
the criteria proposed by authors [29].

We verified spontaneous and gaze nystagmus, the oscillatory tracking test,
optokinetic nystagmus search, and rotatory and caloric tests. Were corded the
caloric stimulation time in each ear using air at 42°C and 18°C for 80 seconds
for each temperature, and responses with closed eyes and then with open eyes to
observe the inhibitory effect of eye fixation (IEEF). The criteria used in the air
caloric test were: absolute value between 2 and 24 degrees/second, with <2 de-
grees/second corresponding to hyporeflexia; and with >24 degrees/second cor-
responding to hyperreflexia; relative values of labyrinth preponderance (LP) <
41% and nystagmus directional pre-ponderance (NDP) < 36% [30].

The patterns used to determine vestibular exam findings are presented in Table 1.

In order to determine the hearing threshold of the study participants, all par-
ticipants underwent tonal audiometry in addition to the vestibular assessment.
Tonal audiometry was performed using the Madsen® Itera II audiometer (GN
Otometrics S/A Denmark). The device was calibrated. A TDH-39 headset was
adopted. The B-71 vibrator was used as needed for bone tonal thresholds.

2.5. Data Analysis

Data were statistically analyzed descriptively, using the Fisher-Exact test and the
non-parametric Mann-Whitney statistical test, with a significance level of 0.05
(5%). The prevalence rate and the prevalence ratio were used as needed to verify
the occurrence of altered examinations in the population. The prevalence rate
was used to verify the occurrence of altered cases. This type of statistical analysis
was used because it is a cross-sectional study. Analyses were performed on the
BioEstat 5.0.

3. Results

Thirty-three (33) EDCA performed the vestibular evaluations; 36.3% of them
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Table 1. Normal standards and criteria used to analyze the vestibular tests and distinguish central from peripheral.

Normal Vestibular Exam

Peripheral Vestibular Exam

Central Vestibular Exam

Positional Absent Present (rotatory, horizontal rotatory and Present (vertical, rotatory, horizontal rotatory,
nystagmus oblique) with latency, paroxysm, and oblique), without latency, paroxysm,
(Brandt & Daroff’s weariness, and vertigo weariness, and vertigo

maneuver)

Calibration of the ~ Regular Regular Irregular (alterations in latency, accuracy, and

ocular movements

velocity of the saccadic movements)

Spontaneous Present (<7 degrees/sec) with Present (>7 degrees/sec) with closed eyes; Present with open eyes (vertical, rotatory,

nystagmus closed eyes; absent with open  absent with open eyes. horizontal rotatory, oblique, cyclic, dissociated,
eyes. and retractor)

Gaze nystagmus Absent Absent Present, unidirectional, bidirectional, or mixed;

presents a variety of nystagmus types

Oscillatory track ~ Types I and II Type III Type IV (pathognomonic); alterations of

test morphology and gain

Optokinetic Symmetrical, <20 degrees/sec Asymmetrical, >20 degrees/sec, having Asymmetrical, >20 degrees/sec, absent and

nystagmus test

superposed spontaneous nystagmus with
open eyes that justifies this alteration

reduced

>33%, after stimulation of the

lateral and upper semicircular

Rotatory test

ducts

>33%, after stimulation of the lateral and
upper semicircular ducts

>33%, after stimulation of the lateral and upper
semicircular ducts and absence of induced
oblique nystagmus

Air caloric test Absolute value: between 2 and
24 degrees/sec

Relative values:

Labyrinth preponderance
<41%

Nystagmus directional

preponderance <36%

Absolute value: <2 degrees/sec
(hyporeflexia), >24 degrees/sec
(hyperreflexia) and areflexia

Relative values:

Labyrinth preponderance >41%
Nystagmus directional

preponderance >36% (Jongkees formula)

Absolute value: <2 degrees/sec

(hyporeflexia), >24 degrees/sec (hyperreflexia)
and areflexia

Relative values:

Labyrinth preponderance >41%

Nystagmus directional preponderance >36%
(Jongkees formula).

Different nystagmus types may be observed:
dissociated, inverted, perverted, and absence of
the fast component of the nystagmus

Inhibiting effect of Present
ocular fixation

Present

Absent

Source: Authors [29] [30].

had alterations in the exams, of which 5 (15.2%) presented with right peripheral
vestibular deficit dysfunction and 4 (12.1%) with left peripheral vestibular deficit
dysfunction. Irritative peripheral vestibular dysfunction was observed in 9% of
the cases (Figure 1). Statistical analysis revealed p = 12/33 = 0.364, demonstrat-
ing prevalence rate of altered results.

The ages of EDCA were separated into three age groups: up to 50 years old,
from 51 to 60 years old, and over 60 years old. The proportion of normal cases is
higher (75%), with 25% being the proportion of altered cases (up to 50 years).
Among agents aged between 51 and 60 years, the proportion of normal cases
dropped to 70% and that of altered cases increased to 30%. Among agents over
the age of 60, the proportion of normal cases was very low (20%), while the
proportion of altered cases increased to 80%. When correlating the results of

vestibular exams with the age of the participants, Fisher’s exact statistical test
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Legend: NVE = normal vestibular exam; RPDVD = right peripheral deficit vestibular dysfunction;
LPDVD = left peripheral deficit vestibular dysfunction; IPVD = irritative peripheral vestibular dys-
function; RIPVD = right irritative peripheral vestibular dysfunction; LIPVD = left irritative peri-
pheral vestibular dysfunction.

Figure 1. Vestibular examination result (N = 33).

showed no relationship, since the p-value = 0.1132.

The results show of the vestibular evaluations took into account the handling
time of the pesticide. A higher proportion of normal cases (70%) among partici-
pants with shorter exposure time (up to 30 years) was noted, however, when
comparing the exposure time to pesticides, up to 30 years and with more than 30
years of exposure, the Fisher’s Exact test showed that the result was not signifi-
cant at a significance level (p = 0.2825).

The following researchers showed no changes: positional nystagmus, eye
movement calibration, spontaneous open-eyed and gaze nystagmus, pendular
tracking test, optokinetic and post-rotational nystagmus. Observed changes oc-
curred in the spontaneous closed eyes nystagmus research and in the caloric test.
Twelve individuals (36.3%) presented with peripheral vestibular dysfunctions,
nine cases with deficitary peripheral vestibular dysfunction (27.3%), and three
cases (9%) with irritative peripheral vestibular dysfunction. The vestibular ex-
amination was normal in 21 cases (63.7%).

Nystagmus was observed in seven participants in the spontaneous closed eyes
nystagmus study. The prevalence rate of spontaneous closed eyes nystagmus was
21.2% and the prevalence ratio was 2.3; hence, the presence of spontaneous
closed eyes nystagmus among participants who presented alterations in the ves-
tibular evaluations was twice as high as among participants who presented no
alterations. However, through Fisher’s Exact test, there was no statistically sig-
nificant relationship between the altered tests and the spontaneous closed eyes
nystagmus results (p = 0.1970).

Figure 2 shows the auditory and vestibular complaints presented by the study
participants. It is noted that 30.3% of participants complained of tinnitus and

dizziness, and 33.3% complained of hypoacusis.
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Figure 2. Sample distribution according to complaints (N = 33).

Table 2. Relationship between vestibular examination result and complaint (N = 33).

Tinnitus Hipoacousis Dizziness
Results Yes No Yes No Yes No
n (%) n (%) n (%) n (%) n (%) n (%)

NVE 6 (60.0) 15 (65.3) 8(72.7) 13 (59.1) 6 (60.0) 15 (65.3)
RPDVD 1(10.0) 4(17.4) 1(9.1) 4(18.3) 3 (30.0) 2(8.7)
LPDVD 2 (20.0) 2(8.7) 1(9.1) 3(13.6) - 4(17.4)

IPVD 1(10.0) - 1(9.1) - 1(10.0) -
RIPVD - 1(4.3) - 1(4.5) - 1(4.3)
LIPVD - 1(4.3) - 1(4.5) - 1(4.3)
Overall 10 (100) 23 (100) 11 (100) 22 (100) 10 (100) 23 (100)
p-value 0.5366 0.3522 0.5366

Legend: NVE = normal vestibular exam; RPDVD = right peripheral deficit vestibular dysfunction; LPDVD
= left peripheral deficit vestibular dysfunction; IPVD = irritative peripheral vestibular dysfunction; RIPVD
= right irritative peripheral vestibular dysfunction; LIPVD = left irritative peripheral vestibular dysfunction.

Fisher’s Exact test, at a significance level of 0.05 (5%), revealed no significant re-
lationship between the vestibular examination results and the complaints, when
the two were compared (Table 2).

Table 3 shows the results obtained in pure tone audiometry with the results
obtained in the vestibular exams. The Mann-Whitney non-parametric test, at a
significance level of 5% (0.05), showed a significant difference between the thre-
sholds for the right ear at the frequency of 4000 Hz (p = 0.0494). Therefore, the
participants who presented worse hearing thresholds in the right ear at the fre-

quency of 4000 Hz also presented altered results in the vestibular examinations.

4. Discussion

The vestibular evaluation findings showed alterations in the exams in 36.3% of

the endemic diseases combat agents. Among the participants, 15.2% had exams
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Table 3. Relationship of conventional audiometry with vestibular examination results (N
= 33).

Ear and frequence NVE AVE p-value
(Hz) N Median N Median

RE250 21 15.0 12 15.0 0.7363
RE500 21 10.0 12 12.5 0.1117
RE1000 21 10.0 12 15.0 0.0516
RE2000 21 10.0 12 15.0 0.0588
RE3000 21 15.0 12 27.5 0.1249
RE4000 21 20.0 12 35.0 *0.0494
RE6000 21 20.0 12 35.0 0.0996
RE8000 21 25.0 12 35.0 0.0588
LE250 21 15.0 12 12.5 0.6266
LE500 21 15.0 12 10.0 0.4542
LE1000 21 10.0 12 10.0 0.8958
LE2000 21 10.0 12 15.0 0.3213
LE3000 21 15.0 12 25.0 0.5125
LE4000 21 25.0 12 37.5 0.3399
LE6000 21 40.0 12 37.5 0.3998
LE8000 21 35.0 12 42.5 0.3592

Legend: RE = right ear; LE = left ear; NVE = normal vestibular exam; AVE = altered vestibular exam.
Non-parametric Test Mann-Whitney (p = value significant*).

suggestive of right deficitary peripheral vestibular dysfunction and 12.1% sug-
gestive of left deficitary peripheral vestibular dysfunction. Irritative peripheral
vestibular dysfunction was observed in 9% of the cases. These findings point to
the fact that all exam deficits due to vestibular dysfunction were peripheral.

Peripheral vestibular dysfunction is characterized by changes in normal pat-
terns and the absence of signs of dysfunction indicating a central lesion.
Deficitary peripheral vestibular dysfunctions are correlated with vestibular alte-
rations where there is a total or partial decrease in vestibular function, and gen-
erally have a worse prognosis compared to irritative peripheral vestibular dys-
functions [31].

The results did not show alterations in the positional nystagmus, eye move-
ment calibration, spontaneous and gaze nystagmus, pendular tracking test, op-
tokinetic and rotational nystagmus. However, the alterations were observed in
the caloric test and the survey of spontaneous closed eyes nystagmus. Alterations
in the caloric test were observed in a study with populations exposed to pesti-
cides, as well as in the research of positional nystagmus and/or vertigo [15]. The
result of this last test was not observed in the present study.

Some authors report that the only vestibular test that evaluates each maze is ca-
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loric, being a valuable resource for otoneurological diagnosis [32]. It consists of the
stimulation of the external ear canal by introducing hot/cold air/water, which heats
and cools the lateral semicircular canal wall, generating endolymph convection
currents and promoting deviation of the stimulated semicircular canal dome.

All participants presented only with alternations in the spontaneous closed-eye
nystagmus, with no alterations in the spontaneous open-eye nystagmus and the
gaze nystagmus. This indicated that none presented central alteration. In the
spontaneous closed-eye nystagmus survey, 7 participants presented with the
same, 3 presented with a normal vestibular exam, and 4 with alteration in vesti-
bular exams. The presence of spontaneous closed-eye nystagmus can be ob-
served in healthy individuals. Spontaneous closed-eye nystagmus in healthy in-
dividuals can be considered normal if the result of the slow component angular
velocity (SCAV) does not exceed 7°/s [29] [30]. Only one participant presented
SCAYV above 7°/s, whose right horizontal spontaneous closed-eye nystagmus re-
sult associated with the caloric test result (right labyrinthine predominance 9%)
showed irritative peripheral vestibular dysfunction.

In a study, irritative peripheral vestibular dysfunction was observed in 88.8%
of 18 rural workers exposed to organophosphate insecticide-type pesticides [15].
A study showed the population exposed to various types of pesticides with vary-
ing degrees of toxicity, such as Manzate (54.2%), which has toxicology grade III,
Folidol (33.3%), Tamaron (27.1%), and Gramaxone (25%), that has a type I tox-
icology degree and considered highly toxic. Most of the studied population was
female (72.2%) and with a mean age of 36.6 years (range 16 to 59 years old). In
addition, it was not mentioned in the study whether this population had com-
bined exposure to noise [15]. This did not corroborate the findings of the
present study, considering that among participants who presented vestibular
dysfunction, the deficitary type was more evident (27.4%).

The present study showed no significant relationship between exposure to
pesticides and noise and the occurrence of altered vestibular examinations.

Regarding auditory and vestibular complaints, 30.3% of the participants in
the present study presented tinnitus and dizziness and 33.3% complained of
hypoacusis. Tinnitus complaint was observed in other studies with populations
exposed to pesticides and noise [17] [19] [23] [33].

A study revealed 57% of participants to have tinnitus [33]. One study showed
a similar occurrence of tinnitus (52.08%) [17]. Another study found that 28.05%
of workers simultaneously exposed to pesticides and noise complained of tinni-
tus, increasing this incidence among workers who presented alterations in the
audiometry (60.87%) [19]. The occurrence of tinnitus in another study reported
an incidence of 46% among agricultural workers [23].

Studies have shown that dizziness complaint is a recurrent clinical symptom
in populations exposed to pesticides [15] [34].

Dizziness is characterized by a sensation of alteration in body balance, either

rotatory (vertigo) or non-rotatory (body instability), and it appears when there is
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interference in the normal functioning of the body balance system, which may
be of peripheral or central origin [35].

Authors have reported that long-term exposure to pesticides may affect the
central processing of sensory information for body balance as well as the sensory
and somatosensory/vestibular systems [34].

In the present study, no statistically significant relationship was observed be-
tween the dizziness complaint and the vestibular exams (p = 0.5366). The dizzi-
ness complaint presented by the study participants could not be attributed to the
altered vestibular exams. However, it is undisputed that exposure to chemical
agents may affect the postural balance of exposed populations [34] [36], and that
the age factor may contribute to the increase in dizziness [37] [38].

A statistically significant difference was noted between the auditory pure tone
thresholds of the right ear obtained at 4000 Hz and the results of the altered ves-
tibular exams. This finding may be justified by the anterior and posterior laby-
rinth intertwined from an anatomo-physiological stand-point, consistent with
Cochlear-Vestibular Syndrome. This known fact in the literature justifies the
importance of researching the integrity of the auditory system through the au-
ditory exams along with the vestibular exams [39].

In a study, hearing normality was verified by conventional audiological evalu-
ation, among 61.14% of 18 rural workers exposed to organophosphate insecti-
cides. While 38.8% presented hearing alterations, 22.22% of the workers pre-
sented hearing loss at the frequencies of 6000 and 8000 Hz, and 16.67% pre-

sented sensorineural hearing loss [15].

4.1. Study Limitations

This study presents with typical limitations of a cross-sectional study. It is not
possible to conclude a causal relationship, but only the risk of the professional
category for vestibular dysfunction. The EDCA, exposed to pesticides and noise,
may have other inherent variables, such as age and chronic diseases, that may

make them more susceptible to vestibular dysfunction.

4.2. Study Results’ Recommendations from This Study

The present study showed vestibular changes in EDCA. Further studies are
needed to evaluate the possible effects of pesticides and noise on the vestibular
system in exposed populations, as there is a lack of studies addressing this prob-
lem. Future studies should consider a longitudinal (case/control) design to better
characterize the association between pesticide exposure and noise, especially in
younger workers. The correlation of vestibular examinations with biological
markers is also necessary in order to verify biochemical, immunological, and

hematological parameters.

5. Conclusion

The occurrence of vestibular dysfunction was observed in more than 1/3 of the

DOI: 10.4236/health.2021.132013

153 Health


https://doi.org/10.4236/health.2021.132013

P. A. de Souza Alcaras et al.

studied population and related to anterior and posterior labyrinth alteration

(Cochlear-Vestibular Syndrome). There was no sign of central vestibular altera-

tion in any of the participants. The most common peripheral alteration was of

the deficit type, revealing the chronicity of the condition.
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