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Abstract—Benzene is a dangerous chemichal
compounds that can cause haematological effects.
Gasoline contains approximately 5% carcinogens
benzene. Gas station employees, particularly fgelin
operators are working population that have a higgkrof
benzene exposure. Within the continuous expostire. T
purpose aim of this study is to analyze the refetiop of
urine trans, trans-Muconic Acid (tt-MA) levels with
haematological profile of Gas Station Workers. Shaly
was designed as an observational study and condumte
cross sectional method with 33 samples (12 samples
administrative workers and 21 samples in fueling
operator). The research showed that average
concentration of benzene in the air is 0,58 ppme Th
result of Spearman analysis showed a significant
correlation the amount of fuel fill and the duratiof
filling the fuel with the level of tt-MA in uring@£0,000).
From this research can be concluded, that moreitull

and the longer the duration of filling the fuel by
respondent, the higher levels of tt-MA in urineefdfore,
works should use PPE and that medical surveillance
conducted continuously every year.

Keywords— urine tt-MA levels, haematological profile,

gas station employees

.  INTRODUCTION
Gasoline is a liquid mixture derived from petroleamd
is mostly composed of hydrocarbons and used aslarfu
internal combustion engines. In the United States,
gasoline contains carcinogens benzene as muchkh%s-0.
2%, in the UK 2% - 3%, whereas in other countrias ¢
reach 5% concentratibh In Indonesia, gasoline

contained carcinogens benzene as much as 1%-5%

depending on the octane number and the type of fuel
Higher concentration of benzene in indoor and omtdo
will be found in the vicinity of emission sourcesch as
gas statiorld. The average benzene exposure of workers
to the gas station area is 0.12 jpm

The trans, trans-muconic acid (tt-MA) is the resoft
oxidation of the muconaldehyde (MUC). Muconaldehyde
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a diene compound and dialdehid with six carbonrchei
thought to be the cause of the toxicity of benzenéhe
bone marrow. The urine trans, trans-Muconic Acid
(tt.MA) levels can be used as a sensitive and fipeci
indicator for biological monitoring, especially fdow
exposure benzelfe The urine trans, trans-Muconic Acid
(tt-MA) levels can detect exposure to benzene at
concentrations of up to 0.1 pf

In gas stations, fueling operator has more charfce o
exposure to benzenespecially through inhalation in a
continuous exposure. During daily work, gas station
worker have direct contact with gasoline produa, s
occupational exposure to benzene cannot be avoided.
Exposure to benzene can cause haematologicalffect

Il. METHODS
The study was designed as an observational study an
conducted by cross sectional method with 33 san{i2s
samples administrative workers and 21 samplesaliny
operator). The purpose aim of this study is to yeathe
relationship of characteristic of workers (agex, dsody
mass index, smoking habits), and occupational facto
(working period, the amount of fuel fill, the duiat of
filling the fuel) and urine trans, trans-Muconic iddtt-
MA) levels with haematological profile of Gas Stati
Workers.
In this study the variables were charactericticsvofkers
(age, sex, body mass index, smoking habits), odmugzd
factors (working period, the amount of fuel fillhet
duration of filling the fuel), and urine trans, ns
Muconic Acid (tt-MA) levels.
The technique of collecting data using interview
technique with help of questionnaires, observatioita
the help of a checklist, and laboratory test to sneament
urine tt-MA levels.

Il RESULT
This research was conducted at the gas station in
Surabaya. Total gas station as a place of resaarittis
study are six stations. Average number of retatlets
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selling up to 1.5 million liters per month, this aumt
includes an average of largest sales in Surabaya.
Table 1. Urine trans, trans-Muconic Acid (tt-MA)tds

Variabel Average (SD) t-test
Office Operator
Area Area
Urine tt-MA 229,96 480,74 0,001
Levels (127,80) (219,65)
(Ho/g
Creatinin)

Biological Exposure Indices 500 (ug/g Creatinin)
Result of thetable 1 show that urine tt-MA levels in the
respondents at the office area averaged 229,968QR7
png/g Creatinin. However, the urine tt-MA level ihet
respondents at the operator area is 480,74 (219,6/%)
creatinin was significantly elevated in comparistm
workers at the office area.
Table 2 Relationship of characterictics of workéage,
sex, body mass index, smoking habits), occupational
factors (working period, the amount of fuel fiigt
duration of filling the fuel), and urine trans, tra-
Muconic Acid (tt-MA) levels.

Variabel Dependen:

Characteric Urine tt-MA levels

tic Office Area Operator Area
p r p r

Sex 0,921 0,029 0,055 0,387
Age 0,799 0,083 0,293 0,241
Body Mass 0,674 0,136 0,483 -0,162
Index
Smoking 0,491 -0,220 0,560 -0,135
Habbits
Working 0,847 0,062 0,407 0,191
Period
Amount of - - 0,000* 0,805
Fuel Fill*
Duration of - - 0,000* 0,805
Fill*

*Only for responden at operator area

Pearson Correlation result is known that there das n
significant relationship between age and levelarofe tt-
MA level, either on the respondents in the officeaaand

in the area of the operator, it can be seen franpthalue

of each variable odds greater than 0.05.

Spearman correlation results are known well among
respondents in the office area and operator arkaas/n
that BMI and smoking does not have a relationshif w
the content of tt-MA in uriin. That is because the
probability is greater than 0.05. Coefficient caggncy
test results can be seen both in the respondentisein

office area and the area operator that gender had a
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significant relationship with the tt-MA levels ihd urine
because the probability is greater than 0.05.
Pearson Correlation test results showed that nofisignt
relationship exists between tenure with tt-MA levéh
the urine, either on the respondents in the offiea and
in the area of the operator, it can be seen from th
probability of each variable over 0.05.
Spearman correlation test results between a variabl
amount of fuel required and the duration of fillitige fuel
levels in the urine tt-MA on the operator can regpn
an area known to have significant relationshipsait be
seen from the probability of each variable is Ié&san
0.05.
V. DISCUSSION
The results of measurements of the levels of trixans-
Muconic Acid (tt-MA) in the urine conducted resdaecs
in collaboration with Prodia Occupational Healtlstltute
(OHI) International Laboratory Jakarta prove the
occurrence of benzene exposure to gas stationsesork
Results of measurements of urine tt-MA levels the
workers in the office area shows the average value
urine tt-MA levels 229.96 ug / g creatinine, wherdhe
workers in the operator area 480.74 ug / g cresini his
means urine tt-MA levels of the respondents ateffirea
higher than the workers at operator area. In treraipr
area there are seven workers who have urine tt-&als
exceeded the value of Biological Exposure Indid&sI)Y
set by ACGIH (500 ug / g creatinine). While 14 werk
were below the Biological Exposure Indices (BEIutB
that does not mean the workers secure againstirerse
effects of exposure to benzene.
The Biological Exposure Indices (BEI) is a referenc
value which is intended to be used in the practi€e
industrial hygiene as guidelines or recommendatimns
assist in the control of potential health hazandsthe
workplacé”. Reference value is given as a
recommendation for good practice with no guaratiee
these values provide a clear boundary between esafe
unsafe conditions. So these conditions should sélla
concern, because the risk to the occurrence ofraeve
health effects remain a threat for employees of gas
stations.
The trans, trans-Muconic Acid (tt-MA) is a minor
metabolite of benzene which is excreted through the
urine. The metabolism of benzene into a compound
muconaldehyde (MUC) is the first step in the foriomt
of compounds tt-MA dala urine. Muconaldehyde a dien
compound and dialdehid with six carbon chain iutd
to be the cause of the toxicity of benzene to theeb
marrow?!,
Result of thetable 2 Pearson Correlation test results on
the respondents in the office area and in the afahe
operator, it is known that the age variable dodshave a
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significant relationship with the urine tt-MA leelBased

on the survey results revealed the value of theagesage

of the workers in the office area is 31.92 yearsilavthe
average age of respondents was 29.90 years opearato
area. Person's age will affect the body's resistaioc
exposure to toxic substances/chemiCalStates that age
can affect the toxicity because at a certain ageshterly
(>45 years) decreased organ function that affeloes t
metabolism and decreased muscle work. So the adgr un
45 years of age have no relationship to the toxicit
because at that age has not been a decline in organ
function that affects the metaboliémHowever, based on
the results of measurements of urine tt-MA levéidates
that the workers were aged under 30 years had highe
levels of urine tt-MA in the urine is high, as welb
workers aged above 40 years.

The body mass index does not have a significant
relationship to the content of tt-MA in the uriigased on
the results of measurements of body mass indexhen t
respondents, the average value of the body mass ioid
respondents in the office area 24.26 (obese catgguord

the respondents in the operator area had an avboabe
mass index value of 23.10 (obese category). However
based on the results of measurements of urine tt-MA
levels indicates that respondents who had a nobody
mass index values have urine tt-MA levels is reédyi
high, as well as the respondents were obese bodg ma
index values also had higher levels of urine tt-MPor
nutritional status will basically cause a persamdurance

is decreased, with a decrease in the immune sysidm
be easily infected person, for example by microbes.
addition, one caused by malnutrition can lower imity
and antibody so eseorang susceptible to infecaoh as
coughs, colds, diarrhea, and reduced the bodylisyaioi
detoxify against foreign objects such as gas ars ithto

the bod¥?. Benzene is a compound with small molecules
that are readily soluble in fat. Toxicant that ighhin fat
solubility allows low concentration in the targetan, so

it can be considered as a protection mechanism. The
toxicity of these substances in the fat becomesetow
when compared to thin peopfé

Based on recent research results can be seen déhagav
value of the body mass index of respondents iroffiee
area and in the area of the operator is at 24.86280
value relative are in the normal value, This is metor
that can minimize the degree of toxicity of benzeime
this case is minimal urine tt-MA levels. Nonethslethe
use of BMI as an indicator of nutritional statuss hreot
been able to reflect the overall nutritional higtaiuring

the previous period. Whereas benzene poisoningreccu
chronically and accumulative so as influenced by a
person's history of nutrition, therefore, need tmtue
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monitoring the nutritional status during the bereen
workforce.
Factors smoking habit relations with urine tt-MAédés in
of both the workers in the office area and in tperator
area. In this study, respondents can be seen inffice
area, 83.3% of non-smokers, smokers were 8.3% and
8.3% of heavy smokers. Respondents in the arearknow
operator 47% nonsmokers, light smokers 4.8%, 19.0%
moderate smokers, and 28.6% are heavy smokers. A
number of benzene contained in cigarette smoke, so
smoking is a behavior that can be considered nuease
the risk of benzene exposure even in very small
quantitie§’. (Smoking is one of the factors that contribute
to high levels of tt-MA in the urif@.
Based on the research results can be known wotthats
do not have smoking habits obtained value urindAt-
levels are relatively the same as the respondehis w
smoke. Although smoking is a causative factor utire
MA high levels, but in this study found no signéitt
association between smoking and urine tt-MA levels.
Gender factor has no relationship with the urin®At
levels of both the respondents in the office arghia the
operator area. In this study, in the area offickrtow the
number of women as many as 7 people, and men 5
people. While in the area operator, the number ahen
as many as five people, and men 16 people. UriNEAtt
levels of female workers and male known to be et
equal, it is known that there respondents with ensax
had higher levels of tt-MA in the urine were highkan
male respondents. Likewise, there are urine tt-Mdyels
of male respondents is higher than the female
respondents. In this study, respondents in theeffirea
and operator area both women and men have higksleve
of benzene exposure and interaction with different.
Individuals other factors such as liver function as
benzene metabolism and tt-MA on the respondent is
unknown. This becomes a limitation in this study,
because the liver function will affect the metabwiiof a
chemical.
Pearson Correlation test results on variable warkives
both on respondents in the office area and in tha af
the operator does not have a significant relatignslith
the urine tt-MA levels. Based on this study, therage
age of respondents working in the office area w&8 7
years, while the average age of the respondenthen
operator area is 7.19 years. Benzene is enteredtliet
human body through the lungs and into the body and
through the process of metabolism is then storethén
bone marrow da in fatty tissue. Benzene is condart®
metabolites in the liver and bone marrow. The hatmf
effects of benzene exposure are caused by these
metabolites. Most benzene out of the human bodpeén
form of urine, one is urine tt-MA levels, at led& hours
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after exposuré. Urine tt-MA excretion in the urine is at
its peak after exposure, with a half-life of 4-5uhg) so
that the urine sample should be collected soonr afte
exposure occufd. Based on this study, it can be
concluded that the period of employment does neoé lza
significant relationship with the urine tt-MA lewetue to
the measurement of urine tt-MA in the urine is odbne

on the day of the study course. Urine tt-MA levialsa
biomarker to determine how much benzene content of
benzene in the body after exposure. This is becthese
majority of benzene metabolites will soon be inreie at
least 48 hours after exposure. Although benzene
metabolite partly stored in the bone marrow whish i
fakotr makes benzene toxic to the body.

Test the relationship between a variable amourfuef
that is filled with high levels of urine tt-MA isnty done

on the respondent in the operator area. This iswsec
only respondents in the operator area that acta as
saleswoman retail outlets. Spearman's test refulisd
that the amount of fuel that is filled with highvéds of tt-

MA in the urine has a significant connection. Based
the observations to each respondent in the araagdar
shift operator obtained the average amount of filletl

in by the respondent is 1976.26 liters. The avetagels

of urine tt-MA levels of respondents in the are@ragpor
was 480.74 mg/g creatinine. Inhalation is the d@min
pathway for benzene exposure, benzene odor thaeshol
concentration of 0,025 ppm is generally providdisiaint
warnings about exposure to benZdneUrine tt-MA
levels in the urine is a result of metabolism ohiene,
benzene inhaled the more the greater the benzeméhim
body and excreté®]. Higher concentration of benzene can
be found at the pump that comes from the evaparatio
fuel containing 1-5% benzef®. Based on this study, the
average fuel filled in by the respondents in therafor
area is 1976.26 liters filled with the lowest numiod
respondents is 1180.80 liters, and the most yodiléed
2606.45 liters. It is known that respondents witbhler
levels of tt-MA in the urine of the highest 1197188 / g
creatinine. It can be concluded that the more sales
activities or the amount of fuel required by the
respondent, the more benzene vapor that is intgldate
respondent during the process of filling the fuabts.
Each respondent in this study can not be in cowtirthe
type of fuel filled, due to the division of labatrthe pump

is not based on the type of fuel. This resulteteirels of
benzene inhaled by respondents varies dependirtheon
type of fuel product.

Spearman test result is known that the duratiofillofg

the fuel levels in the urine tt-MA levels has ansfigant
relationship. Based on the observations to each
respondent in the area during a shift operatoriddaan
average duration of total filling the fuel for oshift by
WWwWw.ijaems.com

the respondent was 262.67 minutes. The averagks lefre
tt-MA in the urine of respondents in the area ofmerevas
480.74 mg / g creatinine. The duration of benzene
exposure a person depends on the job and the l@anger
person interacts with benzéfeUrine tt-MA levels is a
result of metabolism of benzene, benzene inhaled th
more the greater the benzene into the body and
excretef’. Higher concentration of benzene can be found
at the pump that comes from the evaporation of fuel
containing 1-5% benzelid. The average duration of
filling the fuel that made respondents in the arparator
was 262.67 minutes. The shortest duration was B357.1
minutes and the longest was 346.86 minutes. Duratio
filling the fuel in this study directly proportioh# the
amount of fuel required by each respondent. Itrnisvkn
that respondents with higher levels of tt-MA in tiréne

is highest 1197.88 mg / g creatinine. It can bectated
that the longer the duration of the fuel filling rao by
respondents during the sales activity, the morezdrem
vapor that is inhaled by the respondent duringptfoeess

of filling the fuel lasts. Each respondent in thiady can
not be in control of the type of fuel filled, due the
division of labor at the pump is not based on petof
fuel. This resulted in levels of benzene inhaled by
respondents varies depending on the type of fuelymt.

V. CONCLUSION

A conclusion in this study can be concluded the

following:

1. There is no significant relationship between
characterictics of workers (age, sex, body massxnd
smoking habits) and occupational factors (working
period) with urine trans, trans-Muconic Acid (tt-NA
levels.

2. There is a significant relationship between
occupational factors (working period, the amount of
fuel fill, the duration of filling the fuel) with tine
trans, trans-Muconic Acid (tt-MA) levels.

Recommendation given to the gas station managements

and the respondents are :

1. As a recommendation, gas station management needs
to consider the provision of personal protective
equipment (PPE) in the form of an organic vapor
respirator. The use of personal protective equigmen
to employees in the area to minimize operator
exposure to benzene to employees. In addition,
management of gas stations must conduct regular
health checks in an attempt yan early detection of
health problems caused by exposure to benzenesat ga
stations.

2. Gas station employees need to raise awareness to
lifestyle such as smoking. Smoking habit can be a
factor that will exacerbate the adverse effects of
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