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ABSTRACT 
 

The purpose of this cross- sectional study was to investigate the factors that influenced 
the hematological parameters among gasoline station service workers.  The sample comprised 
a total of 200 people split between those working at a fuel dispenser and those working outside 
the fuel dispenser.  Interview forms, urine sample collection devices, and blood analysis 
samples were used to analyze Benzene, Toluene, Ethylbenzene, and Xylene ( BTEX) 
metabolites and hematological parameters.  The study showed that the employees had been 
exposed to metabolites of benzene ( t,t-MA)  exceeding the standard, which was 29.5 percent. 
The metabolites of toluene, ethylbenzene, and xylene were all within the standard limit. 
Information concerning hematology found that MCV was below the standard level, which was 
37.5 percent, while the mean cell hemoglobin (MCH) and hematocrit (HCT) were also below 
the standard limit (36.5 and 32.0 percent, respectively) .  The results of the logistic regression 
analysis revealed that the factors influencing hematology parameters were statistically 
significant ( p<0.05) .  Affected females were reported as having abnormal MCH ( OR=2.94; 
95% CI=1.58, 5, 47), mean cell hemoglobin concentration (MCHC) (OR=2.68; 95% CI= 1.03, 
6.98) and red cell distribution width (RDW) (OR=2.16; 95% CI=1.04, 4.49).  Body mass index 
(BMI) affected MCH (OR=1.86; 95% CI=1.03, 3.35) and MCHC (OR=1.89; 95%CI=1.04, 
3.43). Gasohol refueling affected red blood cells (RBC) (OR=2.35; 95% CI=1.19, 4.67) and 
hemoglobin (HB) (OR=1.95; 95% CI =1.01, 3.79). White blood cell count (WBC) was also 
affected by the refueling of more than 11 vans per day (OR=3.59; 95% CI=1.25, 12.48) .  In 
conclusion, personal factors as well as employment at gas stations put workers at risk for RBC, 
HB, and WBC abnormalities. This study identified groups of workers who were at high risk of 
hematology effects, particularly female workers and those with a BMI greater than the average. 
Furthermore, gasohol refueling should be carried out carefully to minimize any potentially 
negative effects on the blood system when exposed to vapors.  
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INTRODUCTION 
 

Exposure to Benzene, Toluene, 
Ethylbenzene, and Xylene (BTEX) present 
a health risk for gas service station 
employees.  In previous studies, exposure 
indicators were assessed among fuel 
service workers after work, and average 
BTEX metabolizes, including trans, trans-
muconic acid (t,t-MA), hippuric acid (HA), 
mandelic acid (MA), and methyl- hippuric 
acid ( MHA) , were 0. 59, 6. 55, 1. 91, and 
1.20 mg/g Cr, respectively.1   Additionally, 
Geraldino et al.2 discovered that those who 
refueled and worked at convenience stores 
located in gas service station areas had no 
difference in t,t- MA exposure. 
Furthermore, Fakhrinnur et al. 3 discovered 
that time spent at the gas station was 
associated with elevated levels of t, t-MA 
exposure ( r =  0.805) .  The data indicated 
that individuals working at gas service 
stations, including gas station attendants, 
station food salespersons, and convenience 
store employees, were at risk of BTEX 
exposure.2,4  

BTEX can affect many body 
systems, particularly hematology, because 
hematomas are highly susceptible to 
changes in fuel exposure. 5 The fuel-
exposed group was found to have a higher 
number of neutrophil leukocytes than the 
non- exposed group.  Neutrophil release is 
an immune response that uses phagocytosis 
to destroy foreign bodies. 6 If an individual 
is continually exposed to BTEX, it could 
affect bone marrow function, resulting in 
decreased blood cell production. It has been 
reported that people who suffered from 
BTEX exposure located near petrochemical 
sites had lower mean corpuscular 
hemoglobin concentration ( MCHC)  and 
platelet counts. 7 Also, the chemicals in 
gasoline could cause significant chronic 
toxic effects such as anemia, leukopenia, 
thrombocytopenia8 and leukemia.9 

Thailand's hematology situation has 
not yet been reported.  However, one 
significant report found that the majority of 

hematology parameters were normal in a 
generally healthy population aged 18– 60 
years.  Red blood cell and component 
counts, white blood cell and component 
counts, and platelet counts were all 
quantified.  However, differences between 
males and females were discovered. 10 In 
Rayong Province, a survey of 6,733 healthy 
residents in the Map Ta Phut area was 
conducted by previous studies.  The 
majority of hematology parameters were 
found to be normal. However, hemoglobin 
prevalence was abnormal at 25.6 percent, 
and the white blood cell count was 
abnormal at 9.2 percent. Additionally, there 
have been reports that the distance from the 
Map Ta Phut factory has an effect on 
benzene exposure.11 It is widely known that 
the majority of industry in Map Ta Phut 
region is heavy industry, including 
petrochemicals, chemicals, and oil 
refineries.  As a result, people who are 
exposed to fuel chemical products may be 
subjected to adverse effects on their 
hematopoietic system. 

Hematological changes could be 
caused by a variety of factors, including 
personal factors12, health behavior13, and 
work factors.14 Participants' gender and age 
have different effects on blood cell 
volume.12 Furthermore, a study in Greece13 
revealed that smoking and being exposed to 
smoking within an hour increased white 
blood cell, lymphocyte, and granulocyte 
counts.  However, there was inconsistency 
with previous research by Alses and Alzeer, 
15 which reported that smoking and alcohol 
consumption behaviors were not correlated 
among refueling workers.  Thus, further 
research is needed in this area.  In terms of 
work factors, it was discovered that more 
years spent working in gas stations were 
associated with lower RBC, hemoglobin, 
and hematocrit. 14 As a result, these factors 
should be considered when determining 
hematotoxicity from BTEX exposure. 
 The chemicals in gasoline pose a 
serious threat to human health.  Thailand 
has a policy of solving issues through the 
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reduction of hazardous substances in 
mixtures, such as fuel that do not contain 
lead.  Aromatic substances, olefins, and 
benzene concentrations in all types of fuel 
must not exceed 35.0, 18.0, and 1.0 % vol., 
respectively,16 which is lower than in 
previous years.  Additionally, the 
Department of Energy17 has implemented 
strategies to enhance safety, health, and 
service which can incentivize fuel stations 
to maintain high standards of quality by 
establishing a project with " quality, safe, 
and serviceable pumps. "  As previously 
stated, previous policies prioritized service 
users.  In terms of the health of the fuel 
industry's workers, no government agency 
or project bears direct accountability.  As a 
result, basic health information of gas 
station employees is scarce. 

The issue of research interest was 
that BTEX exposure at gas stations was low 
( 1 ppm) , and the biological markers of 
exposure as well as the effects on receptors 
were unclear.18,19,20 Hematological changes 
have been reported to occur in the 5– 10 
ppm benzene exposure range. 21 However, 
previous hematology studies found 
contradictory results. 5,22,23,24 Furthermore, 
hematology studies were not done at gas 
stations in other occupational categories, 
such as convenience stores and coffee 
shops, which were also among the 
occupations at risk of BTEX exposure.2 As 
a result, the study of BTEX exposure and 
the factors affecting hematology among gas 
station workers was prioritized as a 
guideline for health screening and 
confirmation of the health effects on these 
groups of employees. 
 
METHODS 
 
 Study Design and Sample 
 This cross- sectional study focused 
on a group of 100 workers in a working 
group at a fuel dispenser and a group of 100 
working outside a fuel dispenser, with a 

total of 200 people.  The cluster sampling 
method was used for those who volunteered 
at the stations because the operations in 
each station were similar.  The samples 
were collected at 8 gasoline stations.  The 
inclusion criteria for the sample group were 
a minimum of 6 months of working time, 
no chronic diseases relating to the blood 
system, and willingness to participate in the 
research project.  The exclusion criteria 
included any illness or absence from work 
on the sample collection dates.  This 
research was approved by the IRB at 
Burapha University.  ( Certification 
019/2020) 
 
Research Instrument 

The research instrument consisted 
of three components:  1)  A question 
interview with three sections including (a) 
seven general questions about gender, age, 
height, weight, status, education, and 
income, ( b)  five health- related questions 
about alcohol consumption, smoking 
habits, personal health protection behavior, 
and rest time, and ( c)  questions about 
employment history, such as length of 
employment, location, primary fuel type 
used, and the number of vehicles serviced. 
The information questionnaire was 
obtained from a review of previous studies 
and through a content validity assessment 
by 3 occupational medicine and 
occupational health as well as safety 
specialists, and obtained the index of Item 
Objective Congruence ( IOC)  greater than 
0. 5 for all questions.  The second 
component was 2) Urine sample collection 
equipment, which included a plastic cup, a 
50 ml polyethylene urine sample, a foam 
box, and ice packs, while the third 
component was 3) Blood sample collection 
equipment, which included a tourniquet, 
dry cotton, alcohol, needle, 10 ml EDTA 
blood tube, a Transpore surgical tape, and a 
bag for contaminated trash. 
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Data collection and interpretation 
  1)  Interviews were conducted by 
the researcher and a team for data collection 
by using the area around the gas service 
stations that the owners had prepared for 
interviews, and would take approximately 
10- 15 minutes per participant.  For the 
interpretation of personal protection 
behaviors such as masks, gloves, and long 
sleeve wearing, the variables were divided 
into two groups ( those who did not wear 
them or only wore them for less than 3 
hours, and those who wore them for more 
than 3 hours) , and the interpretation of the 
amount of serviced cars was done by 
separating the vehicle type and then divided 
into two groups:  cars that refilled gas less 
than the average amount and cars that 
refilled gas more than the average amount.  
  2)  Urine Samples were collected 
by the researcher by providing sample 
collection equipment to the workers while 
they were working.  It was explained that 
the samples should be collected at the end 
of their shifts and that it should be mid-
stream urine that was collected in the 
plastic cups, which would then be poured 
into a 50 ml polyethylene tube for further 
study in a lab. The study would publish the 
results of analyzing the metabolites of 
BTEX, and the interpretation of the results 
based on the American Conference of 
Governmental Industrial Hygienists 
(ACGIH) 27 used a cut-off point ( standard 
normal) , which included trans, trans-
muconic acid ( t, t- MA <500.00 µg/g Cr) , 
toluene in urine (TU < 0.03 mg/L), hippuric 
acid ( HA < 1.60 g/g Cr) , methylhippuric 
acid ( MHA <1.50 g/g Cr) , and mandelic 
acid (MA < 0.15 g/g Cr).The quantity of the 
samples was analyzed by using column 
type C18, mobile phase, containing 
water/ acetonitrile at a ratio of 50:50 v /  v, 
the flow rate of 1. 0 mL/min at 37.0 ° C, 
sample solvent by methanol, and ultraviolet 
detection at 254 nm wavelength,25 and 
extracted using the method of Onchoi et 
al. 26, followed by analysis using High 

Performance Liquid Chromatography 
(HPLC).  
 3)  Blood samples were collected 
from workers after their work shifts in the 
amount of 3 ml, which would be collected 
at the same location as the interview by 
medical technicians and nurses into EDTA 
blood tubes to analyze red blood cell 
parameters; the criteria set by the Thai 
Society of Hematology28 were used for the 
cut- off point ( normal range) , such as 
hemoglobin (HB) (Male (M) = 13.0-17.0; 
Female (F) = 12.0.-15.0 g/dl), hematocrit 
(HCT) (M = 38.0-50.0; F = 36.0-45.0 %), 
red blood cells (RBC)  (M = 4.4-6.0; F = 
4.2-5.5 ×106 cells/mm3), mean cell volume 
(MCV)  ( 80-96 fl) , mean cell hemoglobin 
( MCH)  ( 27. 5- 33. 2 pq) , mean cell 
hemoglobin concentration (MCHC) (33.4-
35.5 g/dl), RBC distribution width (RDW) 
( 11. 5- 14. 5 % ) , and white blood cell 
parameters including white blood cell count 
( WBC)  ( 4. 0- 10. 0 ×103 cells/ mm3) , 
neutrophil ( NE)  ( 40- 80 % ) , lymphocyte 
(LY) (20-40 %), monocyte (MO) (2-10 %), 
eosinophil (EO) (1-6 %), and basophil (BA) 
(0-2 %) and platelets (PLT) (150-450 ×103 
cells/mm3). The parameters were analyzed 
using the automatic flow cytometry 
technique instrument, Sysmex XN 500 
Japan instrument, standard according to the 
Thai Department of Medical Sciences. 29 
The urine and blood laboratory was also 
certified by ISO 15189: 2012 No. 4247/63.  
 
Data Analysis 

The data analysis was divided into 
two parts, which were 1)  descriptive 
statistics ( a)  calculated as percentage for 
qualitative variables such as gender, 
smoking habits, alcohol consumption, and 
personal protection behavior and complete 
blood counts (CBC), (b) calculated as mean 
and standard deviation for quantitative 
variables when the data is in normal 
distribution while conducting the 
Kolmogorov- Smirnov test, such as age, 
BMI, and frequency of work, and ( c) 
calculated as geometric mean, median, 
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minimum, and maximum for the variables 
when the distributed value is not normal, 
such as the metabolites of BTEX in urine. 
For the second part, 2) inferential statistics 
were used for testing various factors that 
impacted hematology, with the univariate 
logistic regression analysis statistics 
displaying the OR value and 95% Cl.  
 
RESULTS 
 
 General Information 
 For the workers at gas service 
stations in this study, about 2 in 3 (68.5%) 
were females aged between 20-29 years old 
( 43. 5% ) ; the average age was equal to 
30. 25±11. 01 years and the average BMI 
was equal to 23. 63±5. 25 kg/ sqm. 
Approximately half ( 52. 5% )  were single 
and had completed junior high school 
(31.0%). They received an average monthly 
salary of 12,053. 25±4,406. 18 baht per 
month ( or 385.54±140.94 USD; 1 USD = 
31.26 THB) .  Most workers did not smoke 
(66.0%).  In terms of alcohol consumption 
behavior, it was discovered among a 
majority of the study participants (45.5%). 
 
Employment History 

The workers at gas service stations 
had an average of 2.44±4.06 years of work 
experience, with the frequency of working 
duration being an average of 8. 98±1. 62 
hours per day and 6 days per week (55.0%). 
A dispenser worker's average number of 
pickup trucks serviced per day was 
32. 65±24. 80, which was close to the 
number of motorcycles and personal 4-
wheel vehicles serviced per day, which 
were around 31.51±30.43 and 28.52±20.27 
vehicles, respectively. 

 
Personal Hygiene 

Employees typically drank water 
and ate at the workplace every day (67.0 % 
and 40. 0 % , respectively) , similar to 
workers not at dispensers; the top two 

negative routine behaviors were drinking 
and eating ( 49. 0 %  and 32. 0 % , 
respectively) .  Workers at the dispensers 
and those who did not work at the 
dispensers both wore masks for more than 
6 hours per day ( 66. 0 %  and 55. 0 % , 
respectively) , whereas other types of 
personal protective equipment (PPE)  were 
worn with only a few pieces of PPE or not 
at all.  
 
 Exposure to BTEX 

The amount of t,t- MA discovered 
Geometric Mean ( GM)  ±GSD = 
375.83±1.71 µg/g Cr. The workers’ t,t-MA 
levels were 29. 5 percent higher than the 
standard level ( > 500 µg/ g Cr) .  For 
exposure to toluene ( TU and HA 
metabolize) , TU at 0.011 mg/L was found 
to be lower than the standard level.  For 
every participant, HA found that GM = 
0. 323±1. 435 g/ g Cr and the amount of 
MHA has GM =  0.402±1.273 g/g Cr and 
for MA, GM = 0.060±1.025 µg/g Cr. Both 
the MA and MHA were not higher than the 
standard level. Exposure among workers at 
the dispensers and those not at dispensers 
was different. 

 
 Hematology Data 
 The analysis of CBC included RBC, 
WBC, and PLT. The results showed that the 
workers at gas stations had the same 
average parameter as the normal amount. 
When the ratio was considered according to 
the parameters, however, it was discovered 
that the MCV amount in the workers' CBC 
had the most abnormalities (37.5 %) , with 
the MCH parameter and HCT parameter 
being 36. 5%  and 32. 0% , respectively, 
which were red blood cell parameters.  As 
for the white blood cells, it was observed 
that the ratios for EO, NE, and LY were 
abnormal ( 10. 5, 5. 0, and 4. 5% , 
respectively). Moreover, the platelets were 
abnormal (6.5%).  
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Factors Influencing the Hematological 
Parameters 

Concerning the parameters for red 
blood cells, females showed affected MCH 
(OR = 2.94; 95% CI = 1.58, 5.47), MCHC 
(OR = 2.68; 95% CI = 1.03, 6.98) and RDW 
(OR = 2.16; 95% CI = 1.04, 4.49) .  High 
BMI affected MCH (OR = 1.86; 95% CI = 
1.03, 3.35)  and MCHC (OR =  1.89; 95% 
CI =  1.04, 3. 43) , and working as gasohol 
refilling attendants showed affected RBC 
(OR = 2.35; 95% CI = 1.19, 4.67) and HB 
(OR = 1.95; 95% CI = 1.01, 3.79).  

The factors that affected the 
parameters for the white blood cells were 
refilling gas in more than 11 vans per day, 
which increased WBC (OR=3.59; 95% CI= 
1.25, 12.48). However, the study revealed a 
reverse causality effect; refilling gasoline in 
more than 28 private cars per day could 
influence the level of EO (OR=0.37; 95% 
CI=  0.13, 1. 00) , and refilling gasoline in 
more than 31 motorcycles per day affected 
the level of BA (OR=0.08; 95% CI= 0.01, 
0. 56) .  In the PLT, no factors were 
influenced. (Table 1) 
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Table 1. Factors influencing the hematological parameters 
 

Factor Red blood cells parameter White blood cells parameter Platelets RBC HB HCT MCV MCH MCHC RDW WBC LY MO NE EO BA 
 Crude OR : 95%CI (Lower, Upper) 
Gender  
   Female 1.02 

(0.50, 
2.06) 

1.26 
(0.63, 
2.50) 

0.88 
(0.46, 
1.68) 

1.68 
(0.91, 
3.10) 

2.94 
(1.58, 
5.47)* 

2.68 
(1.03, 
6.97)* 

2.16 
(1.04, 
4.49)* 

1.32 
(0.45, 
3.84) 

0.60 
(0.12, 
3.01) 

1.08 
(0.09, 
12.23) 

0.52 
(0.10, 
2.56) 

1.73 
(0.69, 
4.36) 

1.46 
(0.23, 
8.99) 

1.95 
(0.62, 
6.07) 

Age               
   > 30  1.14 

(0.59, 
2.23) 

0.68 
(0.35, 
1.32) 

0.54 
(0.30, 
0.99)* 

1.21 
(0.68, 
2.17) 

1.47 
(0.82, 
2.66) 

1.71 
(0.62, 
4.71) 

2.01 
(0.93, 
4.34) 

0.96 
(0.36, 
2.50) 

1.53 
(0.37, 
6.32) 

0.37 
(0.03, 
4.16) 

1.13 
(0.31, 
4.16) 

0.52 
(0.21, 
1.31) 

3.09 
(0.33, 
28.16) 

2.66 
(0.70, 
9.97) 

Body mass index               
   Overweight-obese 0.77 

(0.40, 
1.48) 

1.01 
(0.52, 
1.94) 

0.63 
(0.35, 
1.16) 

1.85 
(1.02, 
3.34)* 

1.89 
(1.04, 
3.42)* 

1.08 
(0.41, 
2.83) 

1.57 
(0.74, 
3.30) 

0.72 
(0.27, 
1.91) 

1.60 
(0.39, 
6.60) 

<0.01 
(0.00) 

0.50 
(0.13, 
1.85) 

2.11 
(0.78, 
5.69) 

1.18 
(0.19, 
7.24) 

0.46 
(0.14, 
1.48) 

Status               
   Married/ couple 0.83 

(0.43, 
1.59) 

0.78 
(0.41, 
1.50) 

0.78 
(0.43, 
1.42) 

1.36 
(0.76, 
2.43) 

1.64 
(0.91, 
2.94) 

1.62 
(0.61, 
4.30) 

1.41 
(0.68, 
2.91) 

0.99 
(0.38, 
2.56) 

0.71 
(0.18, 
2.73) 

0.44 
(0.04, 
5.01) 

0.37 
(0.09, 
1.47) 

1.53 
(0.60, 
3.88) 

0.59 
(0.09, 
3.64) 

2.13 
(0.63, 
7.16) 

Education               
   Lower secondary 
school 

0.57 
(0.27, 
1.22) 

0.55 
(0.26, 
1.17) 

0.48 
(0.24, 
0.95)* 

0.66 
(0.35, 
1.25) 

0.71 
(0.37, 
1.33) 

0.97 
(0.35, 
2.70) 

0.43 
(0.17, 
1.05) 

0.61 
(0.23, 
1.61) 

1.06 
(0.25, 
4.40) 

4.35 
(0.38, 
48.93) 

0.90 
(0.22, 
3.62) 

2.10 
(0.84, 
5.24) 

1.43 
(0.23, 
8.77) 

0.94 
(0.27, 
3.17) 

Income               
   < 10,000 0.75 

(0.38, 
1.47) 

0.90 
(0.47, 
1.74) 

1.01 
(0.55, 
1.84) 

1.59 
(0.89, 
2.83) 

1.45 
(0.81, 
2.59) 

1.18 
(0.46, 
3.06) 

1.68 
(0.82, 
3.45) 

0.66 
(0.25, 
1.71) 

1.04 
(0.27, 
3.99) 

2.63 
(0.23, 
29.54) 

0.85 
(0.23, 
3.14) 

0.48 
(0.18, 
1.30) 

0.31 
(0.03, 
2.88) 

1.56 
(0.50, 
4.82) 
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Factor Red blood cells parameter White blood cells parameter Platelets RBC HB HCT MCV MCH MCHC RDW WBC LY MO NE EO BA 
 Crude OR : 95%CI (Lower, Upper) 
Smoking               
   Yes 0.78 

(0.39, 
1.54) 

1.52 
(0.74, 
3.12) 

1.33 
(0.70, 
2.53) 

1.15 
(0.62, 
2.12) 

0.89 
(0.48, 
1.63) 

0.87 
(0.32, 
2.32) 

1.09 
(0.51, 
2.33) 

0.33 
(0.09, 
1.19) 

1.03 
(0.25, 
4.25) 

1.03 
(0.09, 
11.57) 

2.12 
(0.43, 
10.31) 

0.65 
(0.26, 
1.64) 

0.76 
(0.12, 
4.70) 

1.77 
(0.47, 
6.68) 

Drink alcohol               
   Yes 1.31 

(0.67, 
2.54) 

1.73 
(0.88, 
3.38) 

1.61 
(0.88, 
2.97) 

0.60 
(0.33, 
1.07) 

0.55 
(0.30, 
0.99)* 

1.48 
(0.55, 
3.94) 

0.75 
(0.36, 
1.53) 

0.67 
(0.25, 
1.78) 

1.04 
(0.27, 
4.01) 

0.41 
(0.03, 
4.61) 

0.82 
(0.23, 
2.95) 

0.73 
(0.29, 
1.81) 

0.54 
(0.09, 
3.35) 

1.36 
(0.43, 
4.31) 

Personal protective behavior             
   Do not use/ use for 
1-3 hours 

0.91 
(0.45, 
1.85) 

1.08 
(0.53, 
2.21) 

1.18 
(0.61, 
2.27) 

1.34 
(0.71, 
2.52) 

0.83 
(0.45, 
1.56) 

0.72 
(0.28, 
1.95) 

1.22 
(0.55, 
2.72) 

2.23 
(0.85, 
5.81) 

0.53 
(0.13, 
2.05) 

0.21 
(0.01, 
2.40) 

0.64 
(0.17, 
2.36) 

0.86 
(0.33, 
2.26) 

0.10 
(0.01, 
0.94)* 

1.49 
(0.39, 
5.64) 

Personal hygiene               
   No 1.60 

(0.70, 
3.69) 

1.85 
(0.82, 
4.19) 

1.83 
(0.84, 
3.97) 

0.85 
(0.38, 
1.88) 

0.63 
(0.27, 
1.46) 

0.59 
(0.13, 
2.69) 

0.40 
(0.11, 
1.41) 

0.99 
(0.31-
3.17) 

0.64 
(0.07, 
5.34) 

11.13 
(0.97, 
126.6) 

1.33 
(0.27, 
6.59) 

1.75 
(0.59, 
5.20) 

<0.01 
(0.00) 

2.52 
(0.72,  
8.76) 

Work experience               
   1 year or more 0.80 

(0.37, 
1.73) 

1.19 
(0.58, 
2.45) 

0.78 
(0.39, 
1.57) 

1.25 
(0.66, 
2.39) 

1.19 
(0.62, 
2.28) 

0.99 
(0.33, 
2.89) 

1.42 
(0.65, 
3.09) 

2.03 
(0.56, 
7.28) 

0.78 
(0.15, 
3.90) 

5.72 
(0.50, 
64.48) 

0.68 
(0.14, 
3.31) 

1.44 
(0.55, 
3.80) 

0.68 
(0.07, 
6.29) 

1.25 
(0.36, 
4.24) 

Bed time               
   < 8 hours 1.34 

(0.69, 
2.61) 

1.12 
(0.58, 
2.16) 

1.37 
(0.75, 
2.51) 

1.24 
(0.69, 
2.20) 

1.14 
(0.64, 
2.04) 

1.51 
(0.57, 
4.03) 

1.73 
(0.82, 
3.64) 

0.65 
(0.24, 
1.75) 

0.66 
(0.17, 
2.56) 

1.71 
(0.15, 
19.24) 

0.84 
(0.23, 
3.01) 

0.93 
(0.37, 
2.30) 

0.20 
(0.02, 
1.87) 

1.39 
(0.43, 
4.41) 

Working period               
   > 8 hours 1.45 

(0.75, 
2.79) 

0.88 
(0.45, 
1.70) 

0.81 
(0.44, 
1.49) 

1.29 
(0.72, 
2.30) 

1.28 
(0.72, 
2.29) 

1.16 
(0.45, 
2.99) 

1.25 
(0.61, 
2.57) 

1.79 
(0.65, 
4.93) 

2.65 
(0.64, 
10.94) 

0.63 
(0.05, 
7.08) 

0.52 
(0.13, 
2.10) 

0.94 
(0.38, 
2.36) 

0.84 
(0.13, 
5.17) 

0.78 
(0.24, 
2.48) 
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Factor Red blood cells parameter White blood cells parameter Platelets RBC HB HCT MCV MCH MCHC RDW WBC LY MO NE EO BA 
 Crude OR : 95%CI (Lower, Upper) 
Work station area               
   Gas service stations 1.78 

(0.91, 
3.50) 

1.66 
(0.85, 
3.24) 

1.21 
(0.66, 
2.20) 

1.21 
(0.68, 
2.15) 

1.22 
(0.68, 
2.18) 

1.24 
(0.47, 
3.23) 

0.92 
(0.45, 
1.88) 

1.01 
(0.39, 
2.62) 

1.11 
(0.29, 
4.27) 

1.78 
(0.16, 
20.04) 

0.88 
(0.24, 
3.14) 

1.89 
(0.72, 
4.90) 

0.95 
(0.90, 
1.00) 

2.08 
(0.62, 
7.01) 

Most types of fuel to fill              
   Diesel 1.49 

(0.76, 
2.89) 

1.25 
(0.65, 
2.40) 

0.88 
(0.49, 
1.61) 

1.41 
(0.79, 
2.50) 

1.55 
(0.86, 
2.77) 

1.02 
(0.39, 
2.65) 

1.44 
(0.70, 
2.99) 

1.22 
(0.47, 
3.16) 

1.16 
(0.30, 
4.45) 

1.86 
(0.16, 
20.87) 

0.91 
(0.25, 
3.27) 

1.26 
(0.50, 
3.14) 

0.95 
(0.91, 
1.00) 

1.51 
(0.47, 
4.80) 

   Petrol/ Gasoline 1.47 
(0.71, 
3.00) 

0.80 
(0.37, 
1.72) 

0.81 
(0.41, 
1.63) 

1.31 
(0.69, 
2.50) 

1.25 
(0.65, 
2.39) 

1.35 
(0.48, 
3.77) 

1.25 
(0.57, 
2.77) 

0.73 
(0.26, 
2.05) 

1.44 
(0.34, 
6.01) 

1.43 
(0.12, 
16.12) 

0.70 
(0.14, 
3.40) 

1.88 
(0.73, 
4.85) 

4.46 
(0.72, 
27.53) 

1.86 
(0.58, 
5.97) 

   Gasohol 2.35 
(1.19, 
4.66)* 

1.95 
(1.01, 
3.79)* 

1.31 
(0.72, 
2.39) 

1.47 
(0.82, 
2.61) 

1.76 
(0.98, 
3.15) 

1.42 
(0.54, 
3.69) 

1.59 
(0.77, 
3.29) 

1.12 
(0.43, 
2.89) 

2.06 
(0.50, 
8.49) 

2.02 
(0.18, 
22.64) 

1.53 
(0.41, 
5.60) 

1.11 
(0.45, 
2.75) 

4.12 
(0.45, 
37.57) 

1.17 
(0.38, 
3.64) 

   E20 1.08 
(0.55, 
2.10) 

1.62 
(0.84, 
3.12) 

0.91 
(0.49, 
1.68) 

1.39 
(0.77, 
2.50) 

1.37 
(0.76, 
2.47) 

0.69 
(0.25, 
1.92) 

1.62 
(0.79, 
3.33) 

2.59 
(0.82, 
8.12) 

0.43 
(0.08, 
2.13) 

0.77 
(0.06, 
8.74) 

1.04 
(0.28, 
3.82) 

0.95 
(0.37, 
2.43) 

2.40 
(0.39, 
14.69) 

1.36 
(0.44, 
4.23) 

Type and quantity of vehicles to fill            
   > 10 trucks  1.23 

(0.52, 
2.91) 

1.06 
(0.46, 
2.43) 

0.80 
(0.38, 
1.67) 

0.56 
(0.27, 
1.13) 

0.31 
(0.15, 
0.64)* 

0.89 
(0.28, 
2.87) 

0.49 
(0.21, 
1.10) 

1.11 
(0.34, 
3.55) 

0.84 
(0.16, 
4.21) 

0.47 
(0.04, 
5.41) 

0.96 
(0.19, 
4.74) 

0.56 
(0.20, 
1.56) 

0.96 
(0.10, 
8.91) 

1.35 
(0.28, 
6.38) 

   > 11 vans  1.83 
(0.51, 
6.55) 

0.94 
(0.32, 
2.74) 

1.10 
(0.40, 
3.03) 

0.70 
(0.27, 
1.79) 

0.67 
(0.26, 
1.71) 

0.36 
(0.10, 
1.22) 

0.48 
(0.17, 
1.36) 

3.95 
(1.25, 

12.47)* 

0.88 
(0.10, 
7.45) 

0.21 
(0.01, 
2.46) 

0.41 
(0.08, 
2.12) 

0.63 
(0.16, 
2.35) 

0.43 
(0.04, 
4.06) 

1.35 
(0.16, 
11.02) 
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Factor Red blood cells parameter White blood cells parameter Platelets RBC HB HCT MCV MCH MCHC RDW WBC LY MO NE EO BA 
 Crude OR : 95%CI (Lower, Upper) 
  >33 pickup trucks  0.90 

(0.36, 
2.29) 

0.93 
(0.37, 
2.36) 

0.99 
(0.42, 
2.33) 

0.55 
(0.24, 
1.22) 

0.44 
(0.19, 
0.98)* 

1.42 
(0.31, 
6.53) 

0.80 
(0.30, 
2.15) 

1.74 
(0.53, 
5.69) 

1.31 
(0.15, 
10.95) 

0.31 
(0.02, 
3.62) 

1.49 
(0.18, 
12.24) 

0.65 
(0.20, 
2.12) 

1.03 
(1.00, 
1.05) 

2.02 
(0.25, 
16.21) 

  > 28 private cars  1.59 
(0.62, 
4.12) 

1.65 
(0.64, 
4.25) 

1.21 
(0.54, 
2.71) 

0.66 
(0.31, 
1.38) 

0.47 
(0.22, 
0.98)* 

0.55 
(0.18, 
1.66) 

1.11 
(0.42, 
2.92) 

2.41 
(0.85, 
6.88) 

0.73 
(0.14, 
3.67) 

0.41 
(0.03, 
4.73) 

0.47 
(0.11, 
1.92) 

0.37 
(0.13, 
1.00)* 

0.30 
(0.04, 
1.90) 

0.68 
(0.17, 
2.64) 

  > 31 motorcycles 1.80 
(0.58, 
5.53) 

1.06 
(0.40, 
2.81) 

1.66 
(0.63, 
4.37) 

0.66 
(0.28, 
1.52) 

0.52 
(0.23, 
1.20) 

0.51 
(0.15, 
1.70) 

2.72 
(0.89, 
8.32) 

2.72 
(0.89, 
8.32) 

1.20 
(0.14, 
10.04) 

0.29 
(0.02, 
3.32) 

1.36 
(0.16, 
11.22) 

1.47 
(0.32, 
6.72) 

0.08 
(0.01, 
0.56)* 

0.46 
(0.12, 
1.82) 

t,t-MA               
  > 500  0.77 

(0.36, 
1.62) 

1.11 
(0.55, 
2.25) 

1.13 
(0.59, 
2.15) 

0.80 
(0.42, 
1.51) 

0.68 
(0.35, 
1.31) 

0.61 
(0.19, 
1.92) 

1.18 
(0.55, 
2.55) 

1.19 
(0.40, 
3.47) 

0.28 
(0.03, 
2.34) 

1.19 
(0.10, 
13.47) 

1.02 
(0.25, 
4.10) 

1.54 
(0.60, 
3.94) 

0.96 
(0.93, 
1.00) 

1.06 
(0.31, 
3.61) 

HA               
  > 0.319  0.50 

(0.25, 
0.98)* 

0.84 
(0.44, 
1.62) 

0.80 
(0.44, 
1.46) 

0.61 
(0.34, 
1.08) 

0.78 
(0.44, 
1.40) 

1.17 
(0.45, 
3.02) 

0.57 
(0.27, 
1.19) 

0.85 
(0.33, 
2.19) 

0.50 
(0.12, 
2.07) 

5101
994.8 
(0.00) 

0.681 
(0.18, 
2.49) 

0.94 
(0.38, 
2.32) 

0.25 
(0.02, 
2.30) 

1.72 
(0.54,  
5.46) 

 
The reference group included personal factors (male, less than 30 years old, good proportions, single status, middle school or higher education, 
more than 10,000- baht per month income) , health behavioral factors ( non- smoker, non-drinker, and practice personal hygiene) , and working 
factors ( use PPE for more than 4 hours per day, less than 1 year employment, 8- hour work per day, less than 8 hours of sleep, not working at a 
dispenser, not refueling diesel, not refueling benzene, not refueling gasohol, not refueling E20, serviced < 10 trucks, serviced < 11 vans, serviced 
< 33 pickup trucks, serviced < 28 personal cars, serviced < 31 motorcycles, t,t- MA less than 500, and HA lower than 0.319 ( a median used to 
separate the data for HA)); showed the value of Crude OR and 95% CI (Lower, Upper) : *statistically significant (p<0.05). 
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DISCUSSION  
 
 The results for the factors 
influencing hematological parameters 
found that females exhibited an effect on 
RDW and MCH. Being overweight/obese 
had an effect on MCH and MCV, while 
being aged over 30 years and having at least 
a secondary education level had an effect on 
HB. Some red blood cell abnormalities 
were caused by employees’ personal 
factors, such as females' proclivity for red 
blood cell variability, resulting in varying 
sizes, including blood loss during 
menstruation, and eating a diet lacking in 
iron or folate, both of which were 
insufficient to increase blood cell 
production. As a result, the risk of 
abnormalities in RDW and MCH was 
higher in females than in males.30 The 
influence of BMI factors on MCH and 
MCV was low, which was consistent with 
Tanaka et al.31, who found that being 
overweight was linked to inflammation and 
increased oxidative stress, according to the 
study. This process was connected to the 
formation of red blood cells, known as RBC 
shrinkage, and was the primary cause of 
microtosis. 
  In terms of work factors, the 
research on fuel type and blood cell counts 
is highlighted in this study. The laborers 
worked exclusively at specific dispensers, 
which was where their primary duties were 
conducted at the gas station. When there 
were no vehicles to service in their area of 
responsibility, they could assist each other 
with filling other dispensers. Workers who 
refueled the gasoline for cars were more 
likely to have abnormal RBC and HB 
levels. However, gasoline and ethanol were 
present in gasoline fuel. It contained 
ingredients such as gasohol 91 and 95 with 
10% ethanol, according to the formula. Up 
to now, there have been no studies on the 
type of oil and its effects on hematopoietic 
cells. There have been, however, studies 

similar to that conducted by Lee et al.32, 
who investigated the effects of ethanol on 
human red blood cells. The findings 
revealed that ethanol concentrations of 0.1 
and 0.3 percent v/v had a greater impact on 
the structure of red blood cells (exhibiting 
cell sphericity) than normal cells that were 
not subjected to ethanol. Despite the fact 
that the amount of ethanol given was less 
than these amounts, it had no effect on red 
blood cell changes. In addition, there are 
numerous gas stations in the nearby area. 
More research on this topic should be 
conducted in the future.  
  The amount of HA in urine was less 
than 0.319 g/g Cr, which was associated 
with more abnormal RBC than labor 
exposure (OR = 0.50), and there was a 
reverse casualty effect. In the case of 
toluene, which has previously been 
reported in neurotoxicity,33 vision, and 
preterm birth.27 There was no consistency 
in the outcome of red blood cells. In 
addition to animal studies, rats were divided 
into four groups and given a different 
concentration of toluene in each. The 
results showed no difference in red blood 
cell count for each group,34 and a case study 
of acute toluene exposure was reported in 
humans, in which CBC examinations 
revealed that all CBC parameters were 
normal.35 Thus, the effects of toluene on 
hematopoietic are unclear.  

A study of leukocyte-related factors 
discovered that workers who refueled more 
than 11 vans per day had an abnormal effect 
on WBC. The most variable parameters 
could be said to be white blood cells and 
their components. Furthermore, the 
chemistry of the fuel activated an 
inflammatory mechanism that affected 
leukocyte release much more initially than 
later.6 Tiu36 conducted a study on the 
complete blood counts of refueling workers 
and discovered that refueling workers had a 
statistically significant increase in white 
blood cell counts above the control group 
(p<0.05). WBC values for the refueling and 
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control groups were 8.2±1.3 and 7.0±1.4 
×109/L, respectively, indicating that 
refueling engines may result in an increase 
in WBC. 
  The platelet study found no factors 
influencing platelet volume, which was 
consistent with previous studies 23,36,37,38 
that compared platelet counts between 
refueling workers and a control group. 
There were no differences in platelet count 
between the two groups, despite a previous 
study in Thailand finding that the 
relationship between t,t-MA, and platelets 
was unconnected.39 Furthermore, there 
have been some reports of platelet growth 
in the lungs. They are initially produced and 
released from bone marrow as 
megakaryocytes, after which they mature 
into full platelets in the lungs.40 Platelets 
were not recommended as a screening 
indicator among people with low exposure 
because they may not be a parameter 
chemically sensitive to fuel. 
 
RECOMMENDATIONS  
 
  In this risk factor study, researchers 
discovered personal and work-related risk 
factors for abnormal hematology. Gender 
and BMI are personal factors, while 
gasoline refueling and filling up more than 
11 vans per day are work factors. As a 
result, workers must take care of their 
health in order to maintain a normal BMI. 
Service stations should implement health-
promoting policies, such as wearing 
appropriate types of respiratory masks at 
work to protect them from fuel exposure.  
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