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Abstract

To show the risks and harm caused by the occupational exposure to the ben-
zene, toluene, ethylbenzene and xylenes compounds (BTEX), the working
conditions of 113 persons employed at gas stations in the cities of Riachdo do
Jacuipe, Feira de Santana and Salvador in the state of Bahia, Brazil were inves-
tigated by experts who correlated protection measures required by law and
those applied to the workers. Data collection was performed by help of a ques-
tionnaire and non-participant observation record. The age groups of the
workers in the three cities surveyed were between 18 to 25 years (30.08%) and
26 to 33 years (34.51%) of the total. The study revealed an association between
occupational habits of workers at gas stations and the prevalence of symptoms
due to the exposure to the BTEX compounds. Regarding the use of Personal
Protective Equipment (PPE) most workers wear boots. The data show that
these workers reported symptoms such as headache, rhinitis, leg pain, drow-
siness, cough, fatigue, insomnia, tremors and palpitations. These disorders are
related back to previous exposure to BTEX compounds which is associated
with inadequate occupational habits of the workers which potentiate chemical
contamination in their respective environment.
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1. Introduction

Most of the energy consumed on the planet originates from fossil fuels such as
oil, coal and natural gas. All of them are non-renewable and limited energy
sources. The urbanization, the population growth, the development of new tech-
nologies and the significantly increasing fleet of motor vehicles are responsible
for continuously raising the emission rates of atmosphere pollutants [1] [2] [3].

Due to their toxicity and carcinogenic potential the volatile organic compo-
unds cause hazardous effects on human health. Among the monoaromatic vola-
tile organic compounds, we can highlight benzene and its derivatives such ethy-
Ibenzene, toluene and xylenes, also known as BTEX [3]. Globally, about two mil-
lion workers are estimated to be exposed to benzene annually. This compound is
not only carcinogenic, but also the fifth dangerous substance to human health
according to United Nations Chemical Safety Program [4].

Studies have shown that workers exposed to gasoline vapors for periods of 8 -
9 hours daily constitute a vulnerable public [5] [6]. During the process of refuel-
ing cars with fuel, the workers inhale gasoline vapors and can also expose their
hands and arms increasing contact with BTEX compounds. The carcinogenic
potential of benzene to man was rated by the International Agency for Research
on Cancer (IARC) [7]. The absorption of benzene occurs primarily by inhalation
of the compound in gaseous form and secondarily, via the skin, through contact
with its liquid form, in addition to oral absorption [8].

The risks of occupational exposure to BTEX compounds have been shown in
several epidemiological studies, which suggests that individuals working at gas
stations experience numerous symptoms such as chronic respiratory diseases,
decreased lung function, rhinitis, headache, increased propensity to asthma and
peripheral hematological alterations, such as anemia, leucopenia, lymphocyto-
penia and thrombocytopenia [9] [10].

Constant exposure to BTEX compounds can cause eye, mucosal and skin irri-
tation, central nervous system deficiency, bone marrow depletion and cancer.
Symptoms such as gastrointestinal compromise with more frequent stomach
pain, heartburn and indigestion having been also reported. Besides, the epider-
mis/dermis can be affected, so that allergies and pruritus can afflict mainly the
hands. The respiratory system can also be injured [11].

According to the National Cancer Institute (INCA) environmental exposure
to compounds BTEX in Brazil is responsible for the comparatively high cancer
rate in this country [12]. The World Health Organization (WHO) recommends
standards for the control of benzene exposure both through systematic and con-
tinuous monitoring in working environments and through preventive measures
supporting health surveillance actions. The latter are already in progress in many
countries, even though they are precariously implemented. In addition, so far
there is only little data on the extent of this dangerous exposure [13].

Attention is given to health surveillance, encouragement and education for
the use of appropriate Personal Protective Equipment (PPE), hygiene care and

collective protection measures to reduce the risk of damages caused by benzene
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and other compounds that make up fuels used in Brazil. The use of PPE as a
mandatory measure based on regulation NR-6 is within the responsibility of the
employer who should inform the employees about risks of their work. This
standard, however, does not present specific PPE for persons exposed to BTEX
compounds. These PPE comprise face shields, shoes, pants, overalls, respirators,
air purifiers and gloves [14].

A study carried out with gas station workers showed the correlation between
the non-use of PPE workers and toluene intoxication by means of laboratory
tests. According to these tests, the toxicity was verified in those workers who did
not use the safety equipment, attesting a lack of knowledge by part of these
workers, regarding the risks of occupational exposure [15].

In a previous study, the BTEX concentrations in the air of gas stations in Ba-
hia were determined and the health risks of workers caused by exposure to these
compounds were evaluated [3]. The objective of this study was to identify and
analyze symptoms of occupational exposure to BTEX compounds found in
workers at gas stations in the cities of Riachio do Jacuipe, Feira de Santana and
Salvador in the state of Bahia, Brazil in respect to their occupational habits and

the use of personal protective equipment.

2. Material and Methods

This is a descriptive exploratory quali-quantitative study based on data collected
from workers at gas stations. The study was conducted between January and
June 2016 in 13 gas stations in the cities of Riachdo do Jacuipe, Feira de Santana
and Salvador, located in the state of Bahia, Brazil.

The sample population consisted of 15 workers from gas stations in Riachio
do Jacuipe, 45 in Feira de Santana and 53 in Salvador. The number individuals
participants in the current study is equal to the amount of workers at gas sta-
tions in the same locations studied in a previous study about the determination
the concentrations of BTEX compounds in the air and evaluation the health
risks of workers [3].

These 113 workers, both males and females, were healthy, more than 18 years
old, all of them having a minimum weekly workload of 30 hours regardless of
the weekday were selected according to the following criteria: working directly
with the fuel pump, consenting participate in study, and presenting more than 1
year in service in the evaluated activity.

The workers taking part in the study were informed about the purpose of the
research, as well as about the privacy of the participants. They signed the Term
of Free and Informed Consent (TFIC) in compliance with Resolution 466/2012
of the National Health Council [16]. The research instrument was applied with
the authorization of the Brazilian Research Ethics Committee-CAAE-
48,832,715.3.0000.5032. Workers were interviewed during their normal work
day by help of a questionnaire and their answers were used for data collection.

The interview was based on the following variables: characterization of the

worker, such as sex, age, race, schooling, marital status and characteristics of
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their specific job such as function, working time in this function, working hours.
The Statistical Package for the Social Sciences (SPSS) version 24 for Windows
was used to analyze the data. Descriptive measures were presented for the va-
riables and the Likelihood Ratio test was calculated to verify the association be-

tween the categorical variables and the level of statistical significance of p < 0.05.

3. Results and Discussion

In contrast to what happens in most developed countries, in Brazil the self-ser-
vice system at fuel stations is not usual so that it is possible to observe in a gas
workers a wide variety of symptoms as a result of continuous exposure to com-
pounds BTEX.

From a total of 113 interviewed workers, 79.2% were male in Salvador while
Feira de Santana and Riachdo do Jacuipe presented values of 100% and 93.3%,
respectively. Regarding age, the workers were in the age range of 18 to 25 years
(30.08%) and 26 to 33 years (34.51%) of the total sample in these three munici-
palities. Regarding health monitoring, 83.18% of the workers surveyed reported
that they performed periodical exams every year.

In accordance with other publications most gas stations workers are young
male adults [15] [17]. Physical strength is required to cope with the exhaustion
due to the job. In addition, work at gas stations includes evident risks to health.
Perhaps, this is why only few women decide to work at gas stations; the effects of
exposure to the toxic organic compounds have led to the birth of underweight
children and some studies also relate breast cancer to the carcinogenic and mu-
tagenic potential of benzene [17] [18].

Concerning symptomatology, the most prevalent results were compatible with
benzene exposure: headache, rhinitis, fatigue and cough proved the most fre-
quent symptoms and complaints. Table 1 shows the various symptoms as re-
ported in the 3 municipalities. A surprisingly high index of leg pain (30.08%;
24.4% and 46.7% respectively) was reported by workers in all 3 municipalities;
whereas the incidence of myalgia (46.7%) was reported only by the Riachdo do
Jacuipe workers.

All participants reported at least one of the described symptoms. Workers
with fewer years of practice reported a greater number of symptoms. Workers
with more years of practice presented an enhanced physiological adaptability to
BTEX compounds. This shows that acute exposure is linked to more sympto-
matic complaints. On the other hand, chronic exposure to BTEX compounds
provokes hematological changes with various clinical signs and symptoms [17]
[19] [20].

The osteoarticular symptoms like leg pain and fatigue were most mentioned
due to routine work, especially in Riachdo do Jacuipe. Next, neurological, espe-
cially headache and respiratory symptoms-rhinitis were reported suggesting that
both inhalation and skin contact with BTEX compounds can cause changes in
those systems of the human body. These data are similar to those observed by

Santiago and collaborators in a study carried out in Rio de Janeiro, Brazil [17].
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Table 1. Prevalence of symptoms reported by workers at gas stations in cities of Salvador,
Feira de Santana and Riachdo do Jacuipe-BA, 2016.

CITIES
Salvador Feira de Santana Riachdo do Jacuipe
SYMPTOMS (n=53) (n = 45) (n=15)
n% n% n%

Cough 10 18.9 2 4.4 2 13.3
Headache 12 22.6 7 15.6 5 33.3
Myalgia 5 9.4 0 0.0 7 46.7
Fatigue 12 22.6 2 4.4 6 40.0
Ocular hyperemia 1 1.9 0 0.0 1 6.7
Palpitations 0 0.0 1 2.2 2 13.3
Dyspnea 3 5.7 0 0.0 2 13.3
Tremors 1 1.9 1 2.2 1 6.7
Vertigo 3 5.7 0 0.0 1 6.7
Rhinitis 12 22.6 4 8.9 4 26.7
Insomnia 5 9.4 2 44 1 6.7
Dermatitis 2 3.8 1 2.2 0 0.0
Nausea 0 0,0 0 0.0 1 6.7
Leg pain 16 30.2 11 24.4 7 46.7

The BTEX compounds when inhaled attack the mucous membranes (eyes, nose,
mouth, others) and can cause pulmonary edema (acute inflammation) and he-
morrhage in airways. It also causes toxic effects to the central nervous system,
which can lead to periods of drowsiness and excitement, dizziness, headache,
nausea, tachycardia, respiratory distress, tremors, seizure, loss of consciousness
and, finally, death [21]. Therefore, the respiratory tract is the most important
route of absorption due to its large area, and it is more difficult to avoid inhaling
the product that is dispersed in the air than to controlling its penetration via the
skin or its ingestion [22]. Corroborating with our data, other studies have shown
that workers at gas stations always complain of headache, allergic rhinitis,
cough, tremors, vertigo, dyspnea, and especially myalgia and leg pain [8] [23]
[24], the latter probably due to the same orthostatic position and absence of rest
during the workday [8] [25].

Ocular changes are the first symptoms of exposure to hydrocarbons present in
gasoline, which can lead to modifications in cornea and xerostomia. Such facts
were observed in a study conducted to determine the occurrence of clinical
changes due to exposure to BTEX compounds in gas station workers in Recife,
Brazil. The same study discovered the predominance of ophthalmologic altera-
tions, mainly ocular hyperemia among the workers [26]. The results obtained in
the present study also showed ocular alterations.

The analysis of the data collected shows a positive correlation between several
occupational habits of the workers which increase exposure to BTEX com-
pounds and symptoms of intoxication. Obviously, the symptoms reported when

associated with work habits increase both the intensity and the duration of ex-
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posure to these compounds.

Table 2 illustrates the occupational habits of gas station workers. It shows that
86.7% of them used the flannel to protect their hands when filling vehicles in
Riachdo do Jacuipe, followed by Feira de Santana workers (55.6%) and only 3.9%
in Salvador. In Riachdo do Jacuipe, the highest percentage was obtained with
33.3% of workers having the habit of smelling the cap before starting the filling
in order to define in advance the type of fuel to be used.

Table 2 shows that 37.3% of workers in Salvador, 24.4% in Feira de Santana
and 33.3% in Riachdo do Jacuipe inhaled fuel from the tube while refueling the
cars. On the other hand, 25.5% of workers in Salvador, 17.8% in Feira de Santa-
na and 86.7% in Riachdo do Jacuipe had a habit of put their own faces near the
fuel tank to make sure it was full. In Salvador, 62.7% of the workers said they
had had their clothes drenched with fuel during the working day, whereas 64.4%
in Feira de Santana and 73.3% in Riachédo do Jacuipe.

To avoid direct exposure to the fuel, workers must use the automatic nozzle to
protect the worker from exposure to BTEX compounds. Only 3.54% of them do
not use the automatic nozzle, which contributes to increase the occurrence of
occupational symptoms.

Table 3 shows that the PPE most used by workers in Salvador was boots
(96.0%), gloves (47.2%) and goggles 47.2%; in Feira de Santana it was boots
(100%), glasses (37.8%) and gloves (20.0%), and in Riachio do Jacuipe overalls
(100%), boots and glasses (73.3%). The fact that different PPE were used by the

same time, accounts for the percentage value above 100%.

Table 2. Prevalence of habits that increase exposure to BTEX compounds reported by
workers at gas stations in cities of Salvador, Feira de Santana and Riachédo do Jacuipe-BA,
2016.

Cities
Habits Salvador Feira de Santana Riachdo do Jacuipe
(n=53) (n =45) (n=15)
n% n% n%

Uses flannel Yes 2 3.9 25 55.6 13 86.7

when filling No 49 96.1 20 444 2 133

Smells the fuel  yes 3 5.9 3 6.7 5 33.3

tank cap before

starting to fill ~ No 48 94.1 42 93.3 10 66.7

Inspires fuel  yeg 19 37.3 11 24.4 5 33.3
from the gas

tank No 32 62.7 34 75.6 10 66.7

Puts his face  yeg 13 255 8 17.8 13 86.7
close to the

tank No 38 745 37 82.2 2 133

Wet the clothes  Yes 32 62.7 29 64.4 11 73.3

of fuel No 19 37.3 16 35.6 4 26.7

Uses automatic ~ Yes 49 96.1 44 97.8 14 93.3

nozzle No 2 3.9 1 22 1 6.7
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Table 3. Prevalence of the use of PPE reported by workers at gas stations in cities of
Salvador, Feira de Santana and Riachdo de Jacuipe-BA, 2016.

CITIES
PPE Salvador Feira de Santana Riachéo do Jacuipe
(n=53) (n=45) (n=15)
n % n % n %
Overalls 1 1.88 0 0.0 15 100
Apron 0 0.0 2 44 0 0.0
Boots 51 96.0 45 100 13 86.7
Gloves 25 47.2 9 20.0 2 13.3
Mask 0 0.0 17 37.8 11 73.3
Goggles 25 47.2 3 6.7 2 13.3

The complaints about headache, cough and rhinitis reported by the workers in
Salvador coincide with the lack of use of the mask of protection that avoids the
inhalation of these compounds (Table 3). Just as the constant use of the flannel
next to the body near the respiratory area by the workers of Riachdo do Jacuipe
can potentiate the exposure, since this is the same cloth used in the contact be-
tween the nozzle of the pump hose and the tank during filling. In this sense,
even though most of the workers perform periodic examinations, their medical
monitoring may not associate the cumulative effects of the exposure and, there-
fore, they cannot diagnose severe pathologies.

Regarding PPE, the use of boots was predominant, corroborating with other
studies [23], while additional skin and inhalation protection equipment was re-
ported only by some workers. Benzene and other organic compounds present in
gasoline are absorbed when in contact with the skin and pass into the blood-
stream; if a workman has a cutaneous lesion or wound the benzene absorption
may be faster and may cause the same damages as occur by inhalation [27].

Although some of the workers responded that the gas stations owners distri-
buted the necessary PPE for their protection, the proper use of this equipment
by them was not notified. So, most workers seemed to regard the overalls offered
to them as a means of protection (PPE) merely as a uniform. It is also worth
noting that most workers identify only the uniform as PPE (Table 3). They
worked with folded sleeves exposing their unprotected arms to contamination;
this observation reveals the workers lack of concern or a lack of information re-
garding the risks of direct contact with fuels [28].

The relationship between the studied occupational habits and the symptoms
reported by the workers interviewed can be seen in Tables 4-6.

Regarding the association of occupational habits with the symptoms of expo-
sure to the BTEX compounds, the data obtained in Tables 4-6 show that the
procedures reported by the attendants, such as using a piece of cloth when fuel-
ing vehicles, to inspire fuel, and to approach face of the vehicle tank as impor-
tant when related to symptoms reported by these workers as headache, cough,

fatigue, vertigo, palpitations, dyspnea and nausea. These observations suggest
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possible poisoning by BTEX via skin contact, by inhalation or oral intake.
Symptoms which are correlated with inhaled exposure habits were also re-

ported in other studies, reinforcing that the respiratory pathway is the main

route of benzene contamination [29] [30] [31]. Literature confirms that these

symptoms result from the immediate effects of benzene exposure after direct

contact with gasoline vapors inhaled or absorbed by workers at the time of ve-

hicle supply [29].

Table 4. Association between the act of smelling the fuel tank cap prior to refueling and
the symptoms of BTEX intoxication reported by workers at gas stations in Salvador, Feira
de Santana and Riachédo do Jacuipe-BA, 2016.

CITIES
Symptoms Salvador Feira de Santana Riachéo do Jacuipe
(n=53) (n=45) (n=15)
% P-value % P-value % P-value
Headache 13.3 0.11 - - 333 0.05
Fatigue - - - - 333 0.02
Ocular hyperemia 2.0 0.039 - - - -
Mood change 4.1 0.036 - - - -
Mialgia - - - - 267 0.02

Table 5. Association between the habit of inhaling fuel during vehicle supply with the
hose and symptoms of BTEX intoxication reported by gasoline workers in Salvador, Feira
de Santana and Riachéo do Jacuipe-BA, 2016.

Symptoms

Palpitations
Xerostomia
Fatigue
Cough

CITIES
Salvador Feira de Santana Riachio do Jacuipe
(n=53) (n=45) (n=15)
% P-value % P-value % P-value
- - 333 0.03
2.0 0.13 - - - -
3.9 0.17 - - - -
333 0.02

Table 6. Association between the habit of using piece of cloth when fueling the vehicle
and symptoms of BTEX intoxication reported by workers at gas stations in Salvador,
Feira de Santana and Riachdo de Jacuipe-BA, 2016.

CITIES
Symptoms Salvador Feira de Santana Riachdo do Jacuipe
(n=53) (n=45) (n=15)

% P-value % P-value % P-value
Headache - - 333 0.05
Vertigo - - - - 26.7 0.03
Nausea - - - - 26.7 0.03

Ocular hyperemia 2.0 0.03 - -
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A study carried out at gas stations in Santa Catarina, Brazil, showed a strong
statistical association between occupational habits and frequent symptoms re-
ported by workers, such as dizziness, headache, xerostomia, irritation of the
lower airways, dyspnea, bronchitis and palpitations resulting from inhalation of
benzene. This study also shows that the most prevalent habits among the partic-
ipants were the same ones reported in our work in the cities of Bahia.

The toxicity of benzene does not depend exclusively on the route of introduc-
tion into the body. However, inhalation of vapors is considered as the main
route to intoxication, causing irritation of the ocular and respiratory mucosae.
The dermal route is also of great importance for occupational exposure, which is
influenced by skin temperature, its integrity and its hydration [32]. Thus, it is
highly important to use personal protective equipment (PPE) suitable for gas
station workers as a form of occupational exposure protection [9] [27].

The results indicate the immediate need to adopt measures to preventing or
prohibiting such practices that increase exposure to BTEX compounds. The
complaints about headache, cough and rhinitis reported by the workers in Sal-
vador coincide with the lack of using masks of protection that avoids the inhala-
tion of these toxic compounds. Just as the constant use of the flannel next to the
body near the respiratory area by the workers of Riachiao do Jacuipe can poten-
tiate the exposure, since this is the same cloth used to contact the nozzle of the
pump hose and the tank during filling. In this sense, even though most of the
workers perform periodic examinations, their medical monitoring may not as-
sociate the cumulative effects of the exposure and, therefore, they cannot diag-
nose severe damages.

Considering that the etiological relationship depends on the degree, intensity
and time of exposure to a toxic substance, a significant portion of the respon-
dents do not consider the principles of biosafety regarding the prevention and
minimization of health risks. The use of PPE by workers can minimize and pre-

vent risks related to the BTEX compounds exposure [3].

4. Conclusion

This study showed that workers of gas stations are exposed to intoxication due
to the contact with compounds BTEX mainly benzene which may cause harmful
effects on health like headache, rhinitis, fatigue and cough symptoms. Toxicity
occurs mainly through the respiratory tract, but may also occur via the skin. A
strong correlation between occupational habits and intoxication symptoms to
the compounds BTEX indicates the need for preventive measures such as envi-
ronmental monitoring, individual hygiene care, and adequate use of PPE which
means that these workers must use gloves, boots, masks and appropriated
clothes to avoid the related risks, as well as professional safety training to avoid
unnecessary exposure to toxic organic compounds. Most certainly PPE could
contribute to preventing hazardous symptoms and diseases caused by daily ex-

posure to BTEX compounds present in fossil fuels.
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