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Abstract
This cross-sectional study aimed to compare the prevalence of multisystem health symptoms (MHS) of workers in gas station areas before and after their em-
ployment and examine the factors affecting the MHS of workers. Data were collected by an interview questionnaire from 200 workers inside and outside re-
fueling areas at eight gas stations in Rayong Province, Thailand. This study found that employees had a statistically significant increase in the prevalence of
current MHS in comparison to before starting work (p-value<0.05), with 31.5%. Working overtime for more than 6 hours per week led to respiratory symptoms
(OR = 2.63, 95% CI = 1.14–6.07) and psychological symptoms (OR = 2.69, 95% CI = 1.12–6.49). Wearing respiratory protective equipment for less than three
hours affected ear/throat/nose systems (OR = 4.26, 95% CI = 1.43–12.65). Petrol refueling resulted in liver (OR = 2.32, 95% CI = 1.4–12.65) and eye
symptoms (OR = 2.57, 95% CI = 1.10–5.39). Therefore, gas station owners should set up enclosed rooms to reduce the duration of fuel exposure, and
workers should wear personal protective equipment when refueling or near the dispenser.
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Introduction
The global gasoline and diesel fuel vehicle fleets sub-

stantially impact human health.1 Therefore, individuals
working at gas stations (GS) are at the highest risk of ex-
posure and experiencing multisystem health symptoms
(MHS), which refers to the occupational awareness of
individuals who can perceive their symptoms across var-
ious systems of the body, such as the respiratory system,
visual system, integumentary system, and mental state,
among others.2 In a study conducted by Al-Harbi, domi-
nant symptoms reported by gasoline station workers
were headache, depression, fatigue, and throat irritation
at 50, 40, 25, and 20%, respectively.3 Furthermore, stud-
ies conducted in Thailand have confirmed the occurrence
of neurotoxic symptoms. There have been reports of in-
dividuals encountering chemicals associated with fuel oil
and experiencing symptoms related to headache, dizzi-
ness, and stress/irritability at 49, 42.5, and 38.5%, re-
spectively.4 A recent study has provided clear evidence
of neurotoxicity; however, when it comes to other symp-
toms, various studies have documented a range of differ-
ent manifestations, such as sore throat, drowsiness, mus-

cle weakness, and unconsciousness.5
The Benzene, Toluene, Ethylbenzene, and Xylenes

(BTEX) will impact the human body, especially for work-
ers at the GS, because 50% of the BTEX inhaled
throughout their lifetimes will be absorbed into the
body.6 Moreover, workers had a low level of safe behav-
ior while working; for example, clothes wet with fuel,
not wearing a respiratory protection mask, and putting
their faces close to the tank were 62.7, 62.2, and 25.5%,
respectively.7 Therefore, exposure to such substances can
affect workers' multisystem health, resulting in acute and
chronic damage to the target organs. In terms of acute
damage, poisoning affects the nervous system, thereby
causing headaches and dizziness,4,6,8 skin symptoms
such as eye irritation and allergic skin rash,9 respiratory
symptoms such as coughing,10 and psychological symp-
toms such as irritability, insomnia, inattentiveness, and
lack of concentration, which were significantly higher
than those in the non-exposed group.11 Additionally, re-
nal symptoms, such as difficulty urinating and less out-
put,12 have been found. If workers are continuously ex-
posed, significant chronic effects can occur. Im portant ly,
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benzene is a human carcinogen. It was reported that ex-
posure to benzene at an airborne concentration of 1
μg/m3 causes approximately six cases of leukemia per
million inhabitants.13

Prevention of exposure to BTEX aims to reduce the
adverse health effects on workers. It is important to take
occupational health precautions to avoid exposure to va-
pors while providing fuel services.14 For example, pro-
tection at the source can be implemented by installing a
vapor recovery system (VRS), which can reduce the level
of BTEX in the atmosphere by 60.9–76.5%.15 In
Thailand, however, there are still obstacles to preventing
exposure to BTEX; for instance, the general lack of VRS
systems in use in stations, inadequate personal protection
against fuel such as not using personal protective equip-
ment (PPE), or using the equipment incorrectly.7,16,17 In
addition, individual behavioral factors such as smok-
ing,18 as well as demographic characteristics like
sex,10,19 and age,20 are risk factors for exposure to
BTEX.

Workers in GS are regarded as an important force in
the economic development of the service sector in the
Eastern Economic Corridor area of Thailand; however,
this group of workers still lacks equality in health care,21

and there is concern regarding their health conditions.
Therefore, early health prevention should be sought by
evaluating exposure and health effects. The impact as-
sessment by abnormal symptom interviews is a simple
tool for self-assessing unusual health-related sensations.
Therefore, this study's inquiry revolves around identify-
ing the prevalence of health symptoms arising from em-
ployment at the GS and understanding the associated fac-
tors. The aim was to study the MHS of workers in the re-
fueling area by comparing the symptoms before and after
their employment. Additionally, this study aimed to de-
termine which factors affected the employees' health
symptoms at the GS. In the past, it was mainly confirmed
by neurological symptoms.4,6,8 In this study, however,
the knowledge of other systemic symptoms, such as res-
piratory, skin, psychological, liver, and kidney disorders,
was added. The benefits of this study can be used for
comprehensive health screening against acute toxicity of
BTEX in the future.

Method
A sample of 200 workers was calculated based on the

proportion from a previous study.22 It was found that
83.7% of the workers at the GS had adverse reactions
(p-value = 0.837). Error was 5% (e = 0.05), with 95%
confidence (Z = 1.96), using cluster sampling until all
numbers were reached. This was done because each GS’
job position and environment were similar. There were
two sample groups–with the first consisting of 100 inside
fuel dispenser areas (I-FDA), including those filling and

cashiers, and the second consisting of 100 outside fuel
dispenser areas (O-FDA), including those working in of-
fices, convenience stores, coffee shops, and food vendors
in GS–working for over threemonths and voluntarily
agreeing to join the project. The exclusion criteria were
illness on the day of the sample collection or exacerbation
due to existing underlying diseases, such as migraines,
allergies, asthma, and so forth, and being absent from
work on the data collection date. 

This study had a data collection period from October
to November 2020, and laboratory analyses and results
were reported from November 2020 to March 2021. This
study complied with the Declaration of Helsinki; protect-
ing the rights of the individuals in the sample was an im-
portant concern. Consequently, this study's objectives
were explained to all participants, who were free to
choose whether or not to participate voluntarily. No co-
ercion was applied, and participants could withdraw
from the trial at anytime.

This study used two research tools: an interview ques-
tionnaire and a urinary collection device. The details of
each tool are as follows. 
1. The interview questionnaire was divided into general
information, work records, and health symptoms.
General information included six items: sex, age, weight,
height, smoking, and drinking alcohol. Work records in-
cluded eight items: job positions, duration of work, work-
ing overtime, personal hygiene, behavior of wearing PPE,
types of vehicles that were serviced each day, and number
of vehicles that were serviced each day. Health symptoms
in eight systems, with 36 items related to eyes, ears/
throat/nose, respiratory tract, skin, psychological, liver,
kidney, and anemia symptoms.

The MHS were identified from the literature review,2
and previous studies involving symptoms of BTEX poi-
soning.9-12 The questionnaire was found to have an Item
Objective Congruence value greater than 0.5 for all ques-
tions. For the interview questionnaire collection, the au-
thors coordinated with GS managers. Sample group par-
ticipants interested in being volunteers were invited
through public relations. The data were collected after
the end of work. The interview took about 20 minutes
per person within the GS area.
2. The equipment for collecting urine included plastic
cups, polyethylene jars (50 ml), temperature-insulating
foam boxes, and ice packs. For analytical instruments,
such as high-performance liquid chromatography, the
laboratory has passed international quality control stan-
dards (ISO 15189: 2012) and the Thai Ministry of Public
Health standards. The laboratory reported the analysis
results in the metabolized form of BTEX. The quantity
was analyzed using column type C18, mobile phase, con-
taining water/acetonitrile at a ratio of 50:50 by volume
(50:50v/v), flow rate of 1.0 mL/min at 37.0°C, sample
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solvent by methanol, and ultraviolet detection at 254 nm
wavelength.23 This study’s results used the intersection
of the ACGIH standard.24

For the urine samples, a sample collection device was
provided to the workers during their work. They clarified
that the urine samples should be collected at the end of
the work shift and that the mid-stream urine should be
collected into a polyethylene jar of at least 25 milligrams
and immediately packed in a cool box. After that, the
samples were sent for laboratory analysis.

The data were analyzed by descriptive and inferential
statistics, such as discrete variables, with analysis by fre-
quency and percentage. A depiction with mean and stan-
dard deviation (SD) was used for the continuous vari-
ables for normally distributed data. If the distribution
was abnormal, the depiction with median and interquar-
tile range (IQR) was applied. The proportion of symp-
toms in the non-independent data was compared using
the McNemar test. The analysis of factors affecting MHS
classified by health system was performed with logistic
regression statistics showing the crude odds ratio (OR)
and 95% CI (confidence interval) were statistically sig-
nificant (p-value<0.05).

Result
The results of the demographic description of 200

workers showed that approximately 2 in 3 (68.5%) were
females, and mostly over 30 years old (56%) and had an
income of more than 305 USD per month (56.5%) (1
USD = 32.8 THB at the time of the study). In respect to
the health behaviors, there was smoking or smelling cig-
arettes from another person (34%), drinking alcohol
(45.5%), and having rest of less than or equal to eight
hours (54%). The workers had work experience of one
year or more (73.5%), workers worked every day a week
(55.5%), more than eight hours of work per day (56%),
and additional overtime of six hours per week (86.5%).
The workers followed proper hygiene practices (79%)
and wore PPE for more than three hours a day (69.5%).

The interviews with 100 I-FDA employees on Table 1
found that those wear personal protective equipment
(PPE), which was classified as wearing trousers co vering
the ankles (98%) and masks (95%). Moreover, those
who refueled provided the information that diesel was
the fuel filled the most (72%), followed by gasohol
(20%). On average, 4-wheel pickup trucks were filled at
32.65±24.80 vehicles per day, and motorcycles account-
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Table 1. Work Records of Inside Fuel Dispenser Areas Workers (n = 100)

Variable                           Category                                                    n           %          Mean±SD (Car/Day)

Types of PPE                    Long pants covering the ankles                 98         98.0
                                         Mask                                                        95         95.0
                                         Closed-toe shoes                                       58         58.0
                                         Long-sleeved shirt                                    38         38.0
                                         Gloves                                                       12         12.0
                                         Glasses                                                        5           5.0
Types of oil refueled         Diesel                                                        72         72.0
                                         Gasohol 91, 95                                         20         20.0
                                         Petrol                                                        14         14.0
                                         Gasohol E20                                               5           5.0
Types of cars refueled       Bus                                                                                                 4.16±4.68
                                         Truck with more than 4 wheels                                                      9.68±8.67
                                         Van                                                                                               10.62±8.90
                                         Pickup truck with 4 wheels                                                        32.65±24.80
                                         Personal car with 4 wheels                                                         28.52±20.27
                                         Motorcycle                                                                                  31.51±30.43

Notes: PPE = Personal Protective Equipment, SD = Standard Deviaton

Table 2. Comparison of Total Health Symptoms Before and After the Employment (n = 200)

Health Symptom                       Symptoms Presently Occurring           Symptoms Before Working            c2                   p-value
                                                  in the Past Three Months                    at the Gas Station

No                                                          42 (21.0)                                           105 (52.5)                          41.14          <0.001**
Yes (more than one symptom)             158 (79.0)                                             95 (47.5)                                                            

1–5 symptoms                                   80 (40.0)                                             66 (33.0)                                                            
6–10 symptoms                                 34 (17.2)                                               16 (8.0)                                                            

>10 symptoms                                    44 (22.0)                                               13 (6.5)

Note: **p-value<0.001                                                                                                      
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ed for 31.51±30.43 vehicles per day.
The results of the measurement of urinary metabolites

of BTEX showed that employees had t,t-MA higher than
the standard (29.5%), with the highest t,t-MA exceeding
the standard almost 3 times (1,482.46 μg/g Cr) (Median
= 393.40, IQR = 244.59). The levels of HA, MA, and
MHA were detected as being lower than the standard
(HA; Median = 0.31, IQR = 0.14: MA; Median = 0.06,
IQR = 0.02: and MHA; Median = 0.4, IQR = 0.2, res -
pect ively).

When comparing health symptoms occurring within
the past three months to those before starting work at
the gas station, the results of the total MHS of the inter-
views with workers revealed that prior to working at this
GS, they had experienced at least one health symptom
(out of 36) (47.5%), with an increase in overall health
symptoms of 31.5%. The largest segment of employees

had 1–5 symptoms (40.0%) (Table 2).
The results of MHS classified 36 symptoms revealed

that employees had the highest prevalence of back pain
at 45.5%, followed by sore throat/dry throat/irritated
throat, and stuffy nose at 37.5 and 35.0%, respectively,
in the past three months. The workers had a statistically
significant increase in health symptoms (p-value<0.05),
with 29 symptoms after employment. The top three
symptoms that changed the most were back pain, insom-
nia/difficulty sleeping, and sore throat/dry throat/irritat-
ed throat (Table 3).

The factors affecting the current health symptoms
were statistically significant (p-value<0.05), according to
the factors as health behaviors, amount of work and
wearing PPE, and refueling service (Table 4A and B).
For health behaviors, sleeping less than or equal to eight
hours per day affects the symptoms of the ear/throat/

Table 3. Comparison of Multisystem Health Classified by Symptoms Before and After the Employment (n = 200)

Health Symptom                                                                              Symptoms Presently Occurr-     Symptoms Before Working    Change in Past and             p-value
                                                                                                         ing in the Past Three Months     at the Gas Station                  Present Symptom

Eye system                      Blurred vision                                                             53 (26.5)                              24 (12.0)                            +29 (14.5)                   <0.001**
                                       Dry/itchy/irritated eyes                                               43 (21.5)                                17 (8.5)                            +26 (13.0)                   <0.001**
Ear, nose, and                 Sore throat/dry throat/irritated throat                        75 (37.5)                              41 (20.5)                            +34 (17.0)                   <0.001**
throat system                   Stuffy nose                                                                 70 (35.0)                              38 (19.0)                            +32 (16.0)                   <0.001**
                                       Runny nose                                                                 68 (34.0)                              40 (20.0)                            +28 (14.0)                   <0.001**
                                       Tinnitus                                                                      30 (15.0)                                  8 (4.0)                            +22 (11.0)                   <0.001**
                                       Ear pain                                                                       12 (6.0)                                  5 (2.5)                                +7 (3.5)                   <0.001**
                                       Ringing in the ears                                                          6 (3.0)                                  3 (1.5)                                +3 (1.5)                        0.375
Respiratory system          Cough with mucus                                                      58 (29.0)                              32 (16.0)                            +26 (13.0)                   <0.001**
                                       Chest tightness                                                            31 (15.5)                                13 (6.5)                              +18 (9.0)                   <0.001**
                                       Panting                                                                        25 (12.5)                                10 (5.0)                              +15 (7.5)                     0.001**
                                       Wheezing                                                                    25 (12.5)                                  9 (4.5)                              +16 (8.0)                   <0.001**
                                       Chest pain when breathing                                         20 (10.0)                                  9 (4.5)                              +11 (5.5)                      0.003*
Skin system                     A red rash that appears on various parts 
                                       of the skin                                                                   30 (15.0)                                14 (7.0)                              +16 (8.0)                      0.002*
                                       A red rash on the hands and arms                                12 (6.0)                                  4 (2.0)                                +8 (4.0)                      0.021*
Psychological symptom   Insomnia, difficulty sleeping                                       69 (34.5)                              31 (15.5)                            +38 (19.0)                   <0.001**
                                       Loss of appetite                                                          50 (25.0)                                18 (9.0)                            +32 (16.0)                   <0.001**
                                       Mood swings                                                               50 (25.0)                              21 (10.5)                            +29 (14.5)                   <0.001**
                                       Heart palpitations                                                       33 (16.5)                                11 (5.5)                            +22 (11.0)                   <0.001**
                                       Feel depressed                                                             30 (15.0)                                11 (5.5)                              +19 (9.5)                   <0.001**
                                       Restless                                                                       22 (11.0)                                10 (5.0)                              +12 (6.0)                   <0.001**
                                       Sweating without a known cause                                21 (10.5)                                  9 (4.5)                              +12 (6.0)                   <0.001**
                                       Panting without exertion                                               10 (5.0)                                  3 (1.5)                                +7 (3.5)                      0.016*
                                       Being in a happy mood without drinking 
                                       alcohol                                                                            7 (3.5)                                  2 (1.0)                                +5 (2.5)                        0.063
Liver symptom                Nausea, vomiting                                                        20 (10.0)                                11 (5.5)                                +9 (4.5)                      0.012*

                                    Abdominal pain under the ribcage                                16 (8.0)                                  9 (4.5)                                +7 (3.5)                      0.016*
                                    Yellow eyes, jaundice                                                    14 (7.0)                                  6 (3.0)                                +8 (4.0)                      0.008*

Kidney symptom             Back pain                                                                    91 (45.5)                              36 (18.0)                            +55 (27.5)                   <0.001**
                                    Profuse urination                                                        25 (12.5)                                10 (5.0)                              +15 (7.5)                   <0.001**
                                    Infrequent urination                                                      19 (9.5)                                  9 (4.5)                              +10 (5.0)                      0.002*
                                    Pain when urinating                                                      17 (8.5)                                  5 (2.5)                              +12 (6.0)                   <0.001**
                                    Swelling of the eyelids, face, feet, and legs                   10 (5.0)                                  4 (2.0)                                +6 (3.0)                        0.109
                                    Blood in the urine                                                           3 (1.5)                                  1 (0.5)                                +2 (1.0)                        0.500

Anemia symptom            Eyes/body yellow                                                            8 (4.0)                                  5 (2.5)                                +3 (1.5)                        0.250
                                    Bleeding easily throughout the body                               7 (3.5)                                  4 (2.0)                                +3 (1.5)                        0.250
                                    Enlarged liver with hemorrhage                                      0 (0.0)                                  0 (0.0)                                           -                                -

Notes: *p-value<0.05, **p-value<0.001
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nose system (OR = 2.21, 95% CI = 1.02–4.80), psycho-
logical symptoms (OR = 2.08, 95% CI = 1.18–3.66), and
liver symptoms (OR = 1.80, 95% CI = 1.03–3.17).

For the amount of work and wearing PPE, working
for more than eight hours per day affected the psycho-
logical symptoms (OR = 1.93, 95% CI = 1.09–3.39);
working overtime more than six hours per week affected
respiratory symptoms (OR = 2.63, 95% CI = 1.14–6.07)
and psychological symptoms (OR = 2.69, 95% CI =
1.12–6.49); wearing a respiratory protective device for
less than three hours had an effect on ear/ throat/nose
symptoms (OR = 4.26, 95% CI = 1.43–12.65); and wear-
ing closed-toe shoes affected the eye symptoms (OR =
2.36, 95%CI = 1.04–5.35), ear/throat/nose symptoms
(OR = 8.12, 95% CI = 3.00–21.93), respiratory symp-

toms (OR = 2.81, 95% CI = 1.57–5.02), liver symptoms
(OR = 2.70, 95% CI = 1.25–5.83) and kidney symptoms
(OR = 1.98, 95% CI = 1.12–3.48).

Regarding the refueling service, most of the refueling
employees were affected by liver symptoms (OR = 2.32,
95% CI = 1.43,12.65); refueling more than 10 trucks af-
fected the eye symptoms (OR = 2.57, 95% CI = 1.10–
5.39), and refueling more than 33 pickup trucks per day
affected the respiratory symptoms (OR = 2.36, 95% CI
= 1.04–5.35) (Table 4B).

Discussion
The factors affecting MHS found that regarding

health behaviors, sleeping less than or equal to eight
hours per day affected the symptoms of the ear/throat/

Table 4A. Factors Affecting Multisystem Health Symptoms (n = 200)

                                                                                                                                        Multisystem Health Symptomsa

Variable
                                                               Eye              Ear/Throat/Nose     Respiratory           Skin            Psychological           Liver                Kidney              Anemia

Sex
    Female                                                       4.92                      0.86                    0.63                 3.39                   1.14                   1.10                  1.46                  1.01 
                                                          (0.25–9.54)          (0.36–1.79)         (0.34–1.16)      (1.25–9.19)        (0.63–2.08)       (0.50–2.41)       (0.80–2.65)       (0.03–3.04)
Age (years)                                                                                                                                                                                                                                                   
    >30                                                            1.42                      0.81                    0.96                 0.93                    0.84                   0.49                   0.71                  1.03
                                                          (0.79–2.55)          (0.38–1.70)         (0.54–1.69)      (0.45–1.94)        (0.48–1.48)       (0.23–1.07)       (0.40–1.24)       (0.36–2.89)
BMI (kg/m2)                                                                                                                                                                                                                                                 

Overweight-obese                                       1.01                      1.10                    1.24                 2.26                    1.04                   1.87                   1.70                  0.11
                                                          (0.57–1.02)          (0.49–2.09)         (0.46–1.41)      (0.21–3.93)        (0.59–1.81)       (0.89–3.92)       (0.62–1.87)       (0.70–6.30)
Income per month (USD)                                                                                                                                                
    305                                                            0.74                      0.91                    0.65                 0.59                    0.69                   0.86                   0.62                  1.32
                                                          (0.41–1.33)          (0.43–1.89)         (0.37–1.16)      (0.27–1.26)        (0.39–1.21)       (0.41–1.78)       (0.35–1.10)       (0.47–3.69)
Currently smoking                                                                                                                                                                                                               
    Yes                                                            1.41                      0.77                    0.69                 1.69                    0.77                   0.94                   0.81                  0.85
                                                          (0.76–2.63)          (0.37–1.63)         (0.38–1.27)      (0.74–3.82)        (0.43–1.38)       (0.44–1.38)       (0.45–1.47)       (0.29–2.43)
Currently drinking alcohol                                                                                                                                                                         
    Yes                                                            1.39                      0.53                    0.57                 2.17                    0.89                   0.75                   1.15                  0.82
                                                          (0.78–2.50)          (0.26–1.11)         (0.32–1.02)      (1.00–4.68)        (0.51–1.55)       (0.37–1.53)       (0.66–2.02)       (0.29–2.29)
Sleep time per day (hours)                                                                                                                                                                                                  
    <8                                                             1.57                    2.21*                    0.91                 1.08                  2.08*                 1.80*                   1.46                  0.55
                                                          (0.87–2.82)          (1.02–4.80)         (0.52–1.60)      (0.52–2.23)        (1.18–3.66)       (1.03–3.17)       (0.51–4.19)       (0.15–2.01)
Work experience (year)                                                                                                                                                                                                       
    1 or more                                                   0.70                      0.62                    0.77                 0.91                    0.41                   0.59                   0.65                  1.75
                                                          (0.36–1.38)          (0.25–1.52)         (0.41–0.45)      (0.39–2.08)        (0.21–0,79)       (0.24–1.45)       (0.36–1.27)       (0.60–5.07)
Working time per day (hours)                                                                                                                                                                   
    >8                                                              1.59                      1.17                    1.22                 1.34                  1.93*                   1.64                   1.26                  2.27
                                                          (0.89–2.86)          (0.57–2.42)         (0.69–2.77)      (0.65–2.77)        (1.09–3.39)       (0.80–3,37)       (0.72–2.20)       (0.79–6.50)
Working period per week (days)                                                                                                                                                                
    Every day                                                   0.92                      0.58                    0.86                 1.00                    0.75                   1.22                   0.90                  1.85
                                                          (0.51–1.64)          (0.28–1.20)         (0.45–1,51)      (0.49–2.07)        (0.43–1.32)       (0.59–2.52)       (0.52–1.58)       (0.62–5.53)
Working overtime per week (hours)                                                                                                                                                          
    >6                                                              1.39                      1.89                   2.63*                 0.96                  2.69*                   0.99                   1.45                  0.65
                                                          (0.58–3.34)          (0.54–6.64)         (1.14–6.07)      (0.34–2.73)        (1.12–6.49)       (0.35–2.83)       (0.64–3.29)       (0.17–2.45)
Personal hygiene                                                                                                                                                                                                                  
    No                                                             0.91                      1.34                    1.28                 1.66                    1.57                   1.95                 2.25*                  2.64
                                                          (0.41–2.03)          (0.53–3.39)          (0.58–2.78      (0.68–4.08)        (0.72–3.38)       (0.81–4.67)       (1.01–5.04)       (0.85–8.20)
Wearing respiratory protection 
equipment (hours/day)                                                                                                                                                                              
    ≤3                                                             1.89                    4.26*                    0.82                 1.17                    0.65                   1.45                   0.68                  3.30
                                                          (0.97–3.68)        (1.43–12.65)         (0.44–1.53)      (0.52–2.61)        (0.35–1.19)        (0.64,3.31)       (0.37–1.25)       (0.72–1.51)

Notes: a = Crude Odd Ratio (95% Confidence Interval), *p-value<0.05, BMI = Body Mass Index
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nose, psychological, and liver symptoms by 2.21, 2.08,
and 1.80 times, respectively. These findings aligned with
a study in New York City that investigated sleep and psy-
chological symptoms and found that the subjects had an
average sleep duration of 5.8±1.2 hours per night, with a
prevalence of short-term sleep duration (<6 hours/day),
which was 38.8%.25 The sample group had psychologi-
cal symptoms that occurred as follows: insomnia, acute
stress, depression, and anxiety, which were 72.8, 57.9,
33.8, and 48.2%, respectively.25

Concerning the amount of work and wearing PPE, it
was found that the workers who worked more than eight
hours per day were affected by their psychological symp-
toms 1.93 times. Overtime work of more than six hours
per week affected respiratory and psychological symp-
toms at 2.63 and 2.69 times, respectively. Workers may
have a common exposure to various chemicals in fuel,
particularly those working long hours or overtime. These
findings were consistent with the Agency for Toxic

Substances and Disease Registry report stating that ex-
posure to very high levels of benzene in the air (10,000–
20,000 ppm) in a short period (5–10 minutes) can cause
death. At low concentrations (700–3,000 ppm), how -
ever, it can cause drowsiness, nausea, hallucinations, and
depression.26

Wearing respiratory protective equipment for less
than three hours affected ear/throat/nose symptoms 4.26
times. Wearing closed-toe shoes affects the eyes, ear/
throat/nose, respiratory, liver, and kidneys at 2.36, 8.12,
2.81, 2.70, and 1.98 times, respectively. These findings
were consistent with a previous study that found signifi-
cant exposure in GS, in which the workers exposed to
low concentrations were associated with a prevalence of
hearing impairment or loss.27 There are more studies
conducted on ototoxicity from exposure to various or-
ganic solvents, such as toluene and styrene, leading to
effects on hearing.24 This study’s results provided more
supporting evidence in the form of an interview on ear

Table 4B. Factors Affecting Multisystem Health Symptoms (n = 200)

                                                                                                                                        Multisystem Health Symptomsa

Variable
                                                               Eye              Ear/Throat/Nose     Respiratory           Skin            Psychological           Liver                Kidney              Anemia

Type of fuel refilled                                                                                                                                                                                   
    Diesel                                                        0.52                      0.60                    0.79                 0.79                    0.66                   0.96                   0.81                  0.91
                                                          (0.29–0.93)          (0.29–1.39)         (0.45–1.39)      (0.38–1.63)        (0.38–1.16)       (0.47–1.97)       (0.46–1.41)       (0.33–2.54)

Petrol                                                          0.50                      0.63                    0.90                 0.51                    0.90                 2.32*                   0.96                  1.32
                                                          (0.24–1.02)          (0.26–1.56)         (0.20–1.31)      (0.20–1.31)        (0.47–1.69)       (1.01–4.92)       (0.51–1.82)       (0.43–4.01)

Gasohol 91,95                                            0.59                      0.57                    1.04                 1.00                    0.85                   0.93                   1.04                  1.31
                                                          (0.33–1.06)          (0.27–1.20)         (0.59–1.82)      (0.48–2.05)        (0.48–1.48)       (0.45–1.91)       (0.59–1.81)       (0.47–3.67)
Gasohol E20                                                0.90                      0.94                    1.10                 0.86                    0.91                   1.24                   1.04                  1.23

                                                          (0.50–1.64)          (0.47–2.08)         (0.62–1.96)      (0.40–1.82)        (0.52–1.62)       (0.60–2.55)       (0.56–1.77)       (0.44–3.47)
Type of cars refueled                                                                                                                                                                                                           

Trucks >10                                                2.57*                      1.62                    1.56                 2.17                    1.38                   1.05                   1.56                  0.71
                                                          (1.10–5.39)          (0.59–4.40)         (0.77–3.14)      (0.71–6.55)        (0.68–2.79)       (0.42–2.60)       (0.77–3.16)       (0.21–2.32)

Vans >11                                                    1.78                      0.87                    1.12                 1.27                    1.57                   0.65                   1.39                  0.76
                                                          (0.62–5.12)          (0.27–2.76)         (0.44–2.84)      (0.35–4.59)        (0.61–4.02)       (0.22–1.91)       (0.55–3.53)       (0.16–3.61)

Pickup trucks >33                                      1.82                      0.78                   2.36*                 0.78                    1.18                   0.81                   1.23                  0.45
                                                          (0.73–4.52)          (0.29–2.07)         (1.04–5.35)      (0.29–2.07)        (0.53–2.63)       (0.30–2.15)       (0.51–2.50)       (0.13–1.51)
    Motorcycles >31                                        0.89                      0.91                    0.68                 0.85                    0.70                   0.45                   0.94                  1.05
                                                          (0.38–2.07)          (0.32–2.60)         (0.29–1.62)      (0.34–2.14)        (0.31–1.61)       (0.18–1.13)       (0.41–2.15)       (0.23–4.91)
Types of PPE worn                                                                                                                                                                                                              
    Glasses (no)                                               0.54                      2.03                    0.56                 0.87                    0.41                   2.10                   0.26                  0.44
                                                          (0.15–1.94)        (0.24–16.56)         (0.14–2.25)      (0.17–4.28)        (0.10–1.63)     (0.25–17.14)       (0.05–1.26)       (0.05–3.92)
    Mask (no)                                                  1.47                      2.48                    0.60                 0.42                    1.00                   1.02                   0.76                  0.73
                                                          (0.68–3.17)          (1.05–5.84)         (0.28–1.28)      (0.12–1.47)        (0.47–2.13)       (0.47–2.13)       (0.35–1.63)       (0.15–3.39)
    Gloves (no)                                                0.78                      1.12                    1.01                 1.12                    0.61                   1.17                   1.00                  1.94
                                                          (0.39–1.57)          (0.45–2.78)         (0.51–2.02)      (0.45–2.78)        (0.30–1.22)       (0.47–2.89)       (0.50–1.98)       (0.42–8.91)
    Closed shoes (no)                                     2.27*                    8.12*                   2.81*                 1.25                    1.49                 2.70*                 1.98*                3.133
                                                          (1.25–4.12)        (3.00–21.93)         (1.57–5.02)      (0.60–2.58)        (0.85–2.60)       (1.25–5.83)       (1.12–3.48)     (0.97–10.07)
    Long-sleeved shirt (no)                              1.36                      2.32                    0.40                 0.91                    0.82                   0.52                   0.63                  0.65
                                                          (0.71–2.61)          (0.91–5.92)         (0.20–0.78)      (0.41–2.00)        (0.44–1.51)       (0.25–1.10)       (0.34–1.18)       (0.22–1.89)
    Long pants that cover                               1.48                      3.53                    1.61                 0.99                    1.06                   1.17                   1.21                  0.56
    the ankles (no)                               (0.73–3.03)          (1.60–7.82)         (0.77–3.37)      (0.40–2.47)        (0.52–2.14)       (0.49–2.81)       (0.60–2.46)       (0.12–2.60)
t,t-MA                                                                                                                                                                                                                                                          
    >500                                                          0.79                      0.76                    0.75                 1.68                    0.71                   0.61                   0.83                  0.83
                                                          (0.41–1.56)          (0.33–1.73)         (0.41–1.39)      (0.79–3.57)        (0.39–1.31)       (0.26–1.42)       (0.45–1.52)       (0.45–1.52)

Notes: a = Crude Odd Ratio (95% Confidence Interval), *p-value<0.05, PPE = Personal Protective Equipment
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abnormality in workers who work around the fuel dis-
penser, which found that the highest number of ear-re-
lated symptoms were tinnitus, ear pain, and ringing in
the ears at 12, 4, and 2%, respectively.

Another important finding from this study was that
the health symptoms of the employees who did not wear
closed-toe shoes could be affected. It can also be caused
by spills or splashes of fuel on their feet while refueling.
A previous study found that in 1 week of work, 64.1% of
fuel filler workers suffered skin accidents.28 The spill can
cause the evaporation of oil into the air, resulting in the
presence of vapors in the vicinity,29 because the organic
solvents in the fuel easily evaporate into the air. There -
fore, evaporation has the potential for employees to touch
their eyes and affect their respiratory and ear/nose/
throat systems, which will increase the symptoms that
can occur even more.

During the interviews, participants were asked about
the type of fuel added, which is important regarding
health symptoms linked with the various fuel categories.
In the past, no studies have been focused on this factor.
This study indicated that petrol refueling affected liver
symptoms 2.32 times, as the chemicals in the fuel can af-
fect liver function. There is further evidence supporting
an effect on increased liver function enzymes, as it was
found that the exposure to benzene among fuel workers
was 0.79±0.26 μg/m3 and significantly correlated with
AST and ALT statistically.12

It is generally known that the process of metabolites
of oils and compounds in fuels forms 1,2,4-benzene triol
and j-benzoquinone, which interacts with adipose tissue
in hepatocytes to form lipid peroxide and ROS consisting
of hydroxyl and superoxide radicals, wherein reactive
oxygen and lipid peroxidation cause the destruction of
biomembranes.30 This process causes the leakage of var-
ious components in the liver cells.12 Therefore, liver dys-
function should be assessed with the liver function en-
zyme level, as mentioned above, since the evidence shows
prolonged exposure to BTEX compounds in the fuel. In
this study, however, the sample group only had a working
period of approximately 1 year.

Refueling more than 10 trucks had effects on eye
symptoms 2.57 times, and refueling more than 33 trucks
per day had effects on respiratory symptoms 2.36 times;
however, the study area is an economic province of
Thailand with investment in the country’s heavy indus-
try.21 It links sea transportation from a deep-sea port to
road and rail transportation. In addition, the way of life
of the local community is linked with agriculture and
fruit plantations. Therefore, the trucks and pickup trucks
are the vehicles that use many service stations, and both
vehicles have larger fuel tanks than personal vehicles.
Therefore, it takes a long time to add fuel to each vehicle,
which may also affect the oil's evaporation.21 This study

found that refueling these two types of vehicles leads to
eye and respiratory symptoms. The most common eye
symptoms were dry/itchy/irritated eyes and blurred vi-
sion at 18.0% and 17.0%, respectively. These findings
were consistent with a study by Sirdah, et al., that found
a statistically significant increase in eye itches, redness,
and pain among employees working at liquefied petrole-
um GS in the Gaza Territory.31 Hence, GS workers may
be at a higher risk of visual impairment in the future, so
they should be cautious about their health regarding re -
gular visual abnormalities.

Adding gas to pickup trucks can result in respiratory
symptoms due to the composition of the fuel, causing sig-
nificant damage to the respiratory system. This can occur
in both the upper and lower respiratory tracts, thereby
causing mucosal irritation, inflammation, swelling, and
acute bronchitis.32 In this study, occupational workers
had the most productive cough, at 29%. It has previously
been reported that exposure to fuel vapor at a concentra-
tion of 900 ppm for an hour caused symptoms of irrita-
tion of the eyes, nose, and throat. Fuel exposure at
10,000 ppm causes nose and throat irritation within 2
minutes and dizziness within 4 minutes.2 Employees’ ex-
posure to fuel vapors through direct inhalation can lead
to respiratory function impairment.33 Therefore, continu -
ous health surveillance should be emphasized.

The highlight of this study was that the interviews
about the health symptoms retrospectively before and af-
ter employment which was considered to control various
confounding factors. As a result, there was reliability of
the outcomes in the occurrence of symptoms. In addition,
the sample size was sufficient to answer the study objec-
tives more effectively than many previous studies on the
same issue. The weakness of this study was that the as-
sessment of health symptoms was done using an inter-
view form for the evaluation of the symptoms without a
medical examination; however, the interview forms had
been evaluated for validity in terms of content by occu-
pational medicine physicians, and the validity is following
the measurement and evaluation criteria. 

Conclusion
The factors affecting MHS with statistical significance

include working for more than eight hours per day, work-
ing overtime more than six hours per week, wearing res-
piratory protection equipment for less than three hours,
refueling mostly petrol, refueling more than 10 trucks,
and refueling more than 33 pickup trucks per day.
Therefore, the results show that these risk factors are
preventable. This study recommends the GS workers to
stay away from the dispensers or stay in an enclosed room
to reduce exposure time. Additionally, PPE should be
worn while refueling or standing near the dispenser, and
those who refuel should be careful when refueling vehi-
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cles with large fuel tanks, such as trucks and pickups, by
not standing near the fuel dispenser for an extended pe-
riod.
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