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ABSTRACT
Benzene is a liquid aromatic hydrocarbon compound that is clear, colorless, flammable, and volatile. High
concentrations of benzene in the body through inhalation can cause health problems. The purpose of this
study is to determine the safe concentration of benzene exposure (C6H6) in Jakarta Kebon Jeruk toll gate
keeper. Toll gate keepers are vulnerable to exposure to benzene compounds in the air. 20 toll gate keeper
who are divided into toll gate 1 and toll gate 2 were population in the study. The sample technique used
total population sampling. The present study used quantitative data analysis manually calculated through
the calculation of safe concentration in the environmental toxicology concept. Safe concentration data on
Jakarta Kebon Jeruk toll gate keeper were based on data from rat experimental animals, experimental body
surface, workers’ characteristics of body weight, body height, body surface area, breathing rate and working
duration. In addition, data on benzene concentration, animal km, human km, NOAEL and safe limits for toxin
doses were also used. The average measurement results of benzene concentration in the air entering the body
of workers through inhalation was 0.00167 mg/m3 (0.0052 ppm). This value is lower than benzene threshold
according to the Minister of Manpower Regulation Number 5 of 2018 of 0.5 ppm.6 The safe concentration
of benzene calculated was 0.0875 mg/m3 (0.0273 ppm). Based on the calculation of safe concentration, the
concentration of benzene in the environment of the Kebon Jeruk toll gate keeper indicated safe.
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Introduction
The development of the transportation sector makes
it easy for people to move and carry out their activities.
On the other hand, the development of the transportation
sector also has a negative impact towards the community.1
The negative impacts include congestion and air pollution
due to motor vehicle gas emissions. Air pollution can
have a negative impact on public health and cause health
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problems such as respiratory problems, respiratory
infections and even systemic diseases such as cancer.
Jakarta is one of the big cities in Indonesia with
the highest pollution level. The increasing number of
the volume of motor cycle is also one of the causes
of increasing environmental pollution. Directorate
of Metro Police Traffic Subdistrict Registration and
vehicle identification reported that in 2013 the number
of vehicles in Jakarta and its surrounding areas reached
16 million units.
One of the air pollutants caused by motorized
activities include aromatic hydrocarbon compounds such
as benzene, toluene and xylene. According to the Agency
for Toxic Substances and Disease Register, chemical
compounds that can cause health effects on humans
and are found in petroleum content namely benzene,
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toluene, xylene, ethylene, Total Petroleum Hydrocarbon
and Polycyclic Aromatic Hidrocarbon.1 Benzene is a
clear, colorless, flammable and volatile liquid aromatic
hydrocarbon compound. Exposure to benzene in high
concentrations that enter the body through inhalation
can cause health problems and lead to death.
Toll gate keepers are prone to be exposed to benzene.
Most benzene exposure received by toll gate keepers
comes from inhalation exposure lines sourced from
gasoline and exhaust vehicles. Toll is a state development
facility that aims to facilitate traffic, improve distribution
services, improve equity in development and justice
outcomes.2
Researches on benzene risk analysis on human
activities is mostly done at gas stations and workshop
mechanics.3,4 Rusdiyanto stated that workshop workers
exposed to chemical substances in the form of gas exhaust
motor vehicles inhaled benzene levels that exceed the
Threshold Threshold Value (NAB) of 0.5 ppm.5
A research measured the concentration of benzene at
the toll gate 1 and the toll gate 2 of the Jakarta Kebon Jeruk
and produced a value of 0.00163 mg m3 and 0.00171 mg/
m3.6 The research was conducted on 20 respondents of
Kebun Jeruk toll gate keepers who were divided into toll
gate 1 keeper and toll gate 2 keeper. Based on previous
research, the researchers have not calculated Safe
Concentration calculation. Toll gates are one of the work
environments with benzene exposure. Therefore, the
calculation of safe concentration is important to ensure
the health of workers. Safe concentration is calculated
by using the Reference Concentration formula with No
Observed Adverse Effect Level which is adjusted to
the research data so that a safe value can be found on
pollutant chemicals to avoid health problems. This study
was conducted to calculate safe concentration through the
Reference Concentration calculation with No Observed
Adverse Effect Level as the safe limit of benzene
concentration in the Kebun Jeruk toll gate keepers.

Material and Method
This study aims to determine the safe concentration
of benzene in the work area of the Kebun Jeruk toll gate
in Jakarta. The approach used in this study is a crosssectional approach and is in the form of observational
descriptive research. The population in this study was
20 respondents of toll gate keepers who were exposed

to benzene chemicals. Population determination was
carried out through total working population of Kebun
Jeruk toll gate keepers, Jakarta.
The study was conducted in May 2019. It begins
with literature study on the analysis of toxicological
health risks which included calculation of intake, type
of risk and value of dose-response. Secondary data
collection was carried out by conducting a literature
study of previous research. Supporting research data
were also used such as the type of chemical, weight of
the experimental animal and results of the measurement
of benzene in the air obtained through measurements of
NIOSH1501 with activated carbon adsorbing pipe using
Chromatography technique.
The variables used in this study were the
characteristics of the experimental animals which
included weight and surface area, worker characteristics
including weight, body surface area, and worker
breathing rate. The concentration of benzene in the
workplace is also obtained through previous research
literature studies. Processing variables by calculating
factor Km in animals, No Observed Adverse Effect
Level, RfC benzene in workers and calculation of safe
concentration on workers is carried out. Data analysis
was carried out using the Environmental Health Risk
Analysis method.

Results
A.	Characteristics of Experimental Animals:
Measuring the level of toxicity of chemical
compounds using experimental animals is the
process of supporting testing. The experimental
animals used were white rats.
Table 1: Distribution of Characteristics of White Mice
Experimental animal
1
2
3
4
5
6

W (kg)
0,1405
0,1405
0,1410
0,1410
0,1395
0,1415

BSA (m2)
0,024165
0,024165
0,024223
0,024223
0,024050
0,024165

Where:
BSA: Body Surface Area (m2)
W: Weight (kg)
The body surface area calculated was 0,024165 m2.
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B. Workers’ Characteristics: The characteristics
of workers used were body weight, height, and
exposure duration. The population of 15 workers
Kebon Jeruk toll gate keepers with an average
weight of 67.9 kg and an average height of 159
cm. The duration of occupational exposure is 8
hours per day.
1. Workers’ Body Surface Area: This is
calculated with the following formula
		BSA =

931

D. Animal Km and Human Km: Determination
of safe dosage limits or safe concentration on
workers begins with the calculation of Animal km
and human km
1. Animal Km
W animal

		Animal Km =

BSA animal

		Where

		Animal Km: Km factor on experimental animal
		W: Weight (kg)

W.H. 3600

		Where

		BSA: Body Surface Area (m2)

		BSA: Body Surface Area (m2)

		The distribution of Animal Km is as follows:

		W: Weight (kg)
		H: Height (cm)
		BSA =
			

W.H. 3600 =

Table 3: Calculation of Animal Km in White Mice

67, 9.159 3600

= 1,73 m2

2. Workers’ Respiratory Rate: Breathing rate
calculations can be done using the following
formula
		BR = 5.3 ln W - 6.9/24
		Where
		BR : Breathing Rate
		W : Weight
		BR = 5.3 ln W − 6.9/24
		= 5.3 ln 67,9 – 6.9/24 = 0.64 m3/hour
C. Benzena Concentration: Measurement of
benzene concentrations inhaled by workers was
carried out at two different toll gate points. The
concentration of benzene at the door of Kebon
Jeruk toll, Jakarta has an average of 0.00167 mg/
m3 (0,00052 ppm).
Table 2: Distribution of Benzene Concentration
Location C (mg/m3) Berat Molekul
Toll gate 1
0,00163
78,11
Toll gate 2
0,00171
78,11
Average

C (ppm)
0,00051
0,00054
0,00052

		Based on the results of the above measurements
the highest benzene concentration was 0.00171
mg m3 (0.00054 ppm) at toll gate 2, while
the lowest concentration was 0,000163 mg/
m3 (0,00051 ppm) at toll booth 1. The value of
benzene concentration is lower than Threshold
Value by 0.5 ppm.5

Experimental
animal
1
2
3
4
5
6
Average

W (kg)
0,1405
0,1405
0,1410
0,1410
0,1395
0,1415
0,1407

BSA
(M2)
0,024165
0,024165
0,024223
0,024223
0,024050
0,024165
0,024165

Animal Km
5,814194082
5,814194082
5,820914007
5,820914007
5,8004158
5,855576247
5,82

		The calculation results of Animal Km are
shown by the table above with an average of
5.82 in white rats.
2. Human Km: Human Km calculations are also
needed for workers to support risk analysis
		Human Km =
		Where:

W human
BSA human

		Human Km: Km factor on human
		W: Weight (kg)
		BSA: Body Surface Area (m2)
Table 4: Human Km calculations for workers
Number of
worker

W avg
(kg)

BSA avg
(m2)

Human
KM avg

20

67,9

1.73

39,24

		Based on the calculation of human km above,
the average human km value is 39.24.
E. No Observed Adverse Effect Level (NOAEL):
Toxicity test was performed by determining
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the highest dose without causing effects on
experimental animals or No Observed Adverse
Effect Level.

value of Inhalation Reference Concentration,
No Observed Adverse Effect Level (NOAEL),
average length of work, average body weight and
breathing rate of the Kebun Jeruk Jakarta toll gate
keepers are as follows.

		Saridewi and Tualeka stated that the calculation
of the highest toxins without causing effects on
experimental animals was 3.0 mg/m3 (0.022 mg/
kg).7 NOAEL calculations in this study can be
obtained from the following formula:

		Where.

		NOAEL benzene = 3,0 mg/kg

		C safe: The safe concentration (mg/m3 or ppm)

		NOAEL benzene =

3 × 0.00013 × 8

0.1405
		NOAEL benzene = 0,022 mg/kg
F. Inhalation Reference Concentration (RfC):
Shaw et al. in a study conducted by Saridewi and
Tualeka, show that the calculation of the reference
concentration on workers or the Inhalation
Reference Concentration can use the following
formula.8
		RfC = NOAEL
		Where

		C Safe (mg/m3) =

		RfC: Inhalation Reference Concentration

		Δ: Percentage of substances absorbed by workers’
lungs (%)
		BR: Breathing Rate (m3/hour)
		T: Time
		Calculation of safe Concentration can be seen in
the formula as follows.
		C safe (Mg/m3) =
=

		Animal Km: Km factor on animal

			

=

		Human Km: Km factor on human

			

		NOAEL: No Observed Adverse Effect Level

		 Based on the calculation of reference concentration
on toll gate keepers obtained from the NOAEL
value, the average Animal Km and the Human
Km average are as follows.

			

Animal KM

			

		RfC = 0,022

Human KM
5,82

39,24
		RfC = 0,0033 mg/kg
		The reference concentration value of the Jakarta
Kebon Jeruk toll gate keepers is 0.0033 mg/kg.
G. Safe Concentration (C safe) of Benzene:
In Saridewi and Tualeka, it is shown that the
calculation of safe concentration on benzene
substances can be calculated using a formula
obtained from William, Davis and Soemirat.7
Calculation of safe concentration using the

Mg/m3

		W: Weight (kg)

			

		RfC = NOAEL

a × BRxt

		RfC: Inhalation Reference Concentration (mg/kg)

Animal KM
Human KM

RfC × Wb

RfC × Wb
a × BRxt

Mg/m3

0, 0033 × 67, 9
50% × 0,64x8

Mg/m3

0, 224

Mg/m3
2, 56
= 0,0875 Mg/m3

		C safe (ppm) =
=

C × 24.45
Berat Molekul
0,0875 × 24.45

78,11
= 0,0273 ppm

ppm

Discussion
Benzene concentrations in Kebon Jeruk toll gates
was 0.00163 mg/m3 (0.00051) on toll gates 1 and 0.00171
mg/m3 (0.00054) on toll gate 2. Benzema concentration
at toll gate 2 concentration is higher than benzene
concentration at toll gate 1. Based on the regulation of
the Minister of Manpower Number 5 of 2018 concerning
the Threshold Limit Value, benzene concentration is
0.5 ppm.5 The concentration of benzene in the gate of
Jakarta Kebon Jeruk toll was below the threshold value.
Calculation of safe concentration at the Jakarta Kebon
Jeruk toll gate is based on calculations of Reference
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Concentration and No Observed Adverse Effect Level.
The result of No Observed Adverse Effect Level is 0.022
mg/kg. This result is comparable with study by Swaen
et al. which states that NOAEL benzene compounds are
3.0 mg/m3 or equivalent to 0.022 mg/kg.8 According to
the Agency of Toxic and Substances, the value of No
Observed Adverse Effect Level for exposure through
inhalation of 3 ppm through the respiratory system.1
Thus, the value of No Observed Adverse Effect Level
benzene is safe for workers.
Reference Concentration through the inhalation
pathway for benzene can be calculated through the
value of NOAEL, Animal Km, Human Km for Jakarta
Kebon Jeruk toll gate keepers. The results show that
the Reference Concentration value through inhalation
is 0.0033 mg/kg. These results were considered the
same as the study by Kartikasari which had an RfC
value of 0.0039 in workers exposed to benzene in the
petroleum processing laboratory.9 In addition, based on
the Reference Concentration value through inhalation
based on U.S EPA National Center for Environmental
Assessment, RfC value is 0.03 mg/m3. This shows that
the value of RfC for Kebon Jeruk toll gate keepers is
still smaller than Integrated Risk Information System
Chemical Assessment Summary.10
Reference Concentration through the inhalation
pathway for benzene can be calculated through the
value of NOAEL, Animal Km, Human Km for Jakarta
kebon Jeruk toll gate keepers. The results show that the
Reference Concentration value through inhalation is
0.0033 mg/kg. These results reconsidered similar to the
study by Kartikasari which had an RfC value of 0.0039 in
workers exposed to benzene in the petroleum processing
laboratory.9 In addition, based on the determination of
the Reference Concentration value through inhalation
based on U.S EPA National Center for Environmental
Assessment, RfC value is 0.03 mg/m3. This shows that
the value of RfC for Kebon Jeruk toll gate keeper is still
lower than that of Integrated Risk Information System
Chemical Assessment Summary.10

Conclusion
Benzene concentration in the air that entering the
body of workers through inhalation on average was
0.00167 mg/m3 (0.0052 ppm). This value is still below
the Benzene Threshold Value according to the Minister
of Manpower Regulation Number 5 of 2018 of 0.5 ppm.5
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Calculation of safe concentration on workers shows the
safe level by 0.0875 mg/m3 (0.0273 ppm). Through the
results of the calculation of safe concentration, benzene
in the work environment of Kebon Jeruk toll gate keepers
is in the safe category.
Control measures and efforts to minimize health
effects can be in the form of the use of personal protective
equipment for workers and work shift arrangements.
Personal protective equipment can be in the form of
respiratory masks to protect workers from direct benzene
exposure.
Conflict of Interest: All authors have no conflicts of
interest to declare.
Source of Funding: This is an article “Health Risk
Assessment of the exposure of Benzene, Toluene, and
Xylene in Toll Gate Keeper” of Occupational Safety
and Health Department that was supported by Activity
Budget Plans 2019, Faculty of Public Health, Universitas
Airlangga.
Ethical Clearance: The study was approved by the
institutional Ethical Board of Health Ministry of
Tangerang City

REFERENCES
1. Agency for Toxic Substance and Disease Registry.
Toxicoclogy Profile for Benzene. Atlanta. 2007
[cited 10 may 2019] available from http://www.
atsdr.cdc.gov/toxprofiles/tp3-c8.pdf
2. Kementrian Pekerjaan Umm dan Perumahan
Rakyat: Badan Pengatur Jalan Tol. Tujuan dan
Manfaat Jalan tol. Available from: http://bpjt.
pu.go.id/konten/jalan-tol/tujuan-dan-manfaat
3. Tunsaringkarn, T., et al. Occupational Exposure of
Gasoline Station Workers to BTEX Compounds
in Bangkok, Thailand. The International Journal
of Occupational and Environmental Medicine.
2012; 3: 117-25
4. Rusdiyanto A A. Kadar Benzena Lingkungan
Kerja dan Kelelahan Kerja pada Pekerja Mekanik
Bengkel AHASS. Digital Repository Universitas
Jember. 2017
5. Menteri Ketenagakerjaan Republik Indonesia.
Peraturan Menteri Ketenagakerjaan Republik
Indonesia Nomor 5 Tahun 2018. 2018.

934

Indian Journal of Public Health Research & Development, September 2019, Vol.10, No. 9

6. Handoyo E, Wispriyono B. Risiko Kesehatan
Pajanan Benzena, Tuoulena, dan Xylena Petugas
Pintu Tol. Kemas 11 (2). 2016; xx-xxx
7. Saridewi N. Tualeka, A.R. Penentuan Konsentrasi
Aman Benzena di Stasiun Pengisian Bahan Bakar
Umum (SPBU) di Pancoranmas Depok. 2017.
8. Swaen GMH, Amelsvoort L Van, Twisk JJ,
Verstraeten E, Slootweg R, Collins JJ, et al.
Low Level Occupational Benzene Exposure and
Hematological Parameters. Chem Biol Interact.
2010; 184(1–2):94–100.
9. Kartikasari D, Nurjazuli, Rahardjo M. Analisis
Risiko Kesehatan Pajanan Benzena pada Pekerja
di Bagian Laboratorium Industri Pengolahan
Minyak Bumi. Jurnal Kesehatan Masyarakat.
Universitas Diponegoro. 2016
10. IRIS U.S EPA. Benzene ; CASRN 71-43-2.
2003;1–43. Available from: https://cfpub.epa.
gov/ncea/iris2/chemicalLan ding.cfm?substance_
nmbr=276.
11. CDC US. NIOSH Pocket Guide of Chemical
Hazard. American Conference of Governmental
Industrial Hygienists (ACGIH). 2004

12. Triyadi D, Nurjazuli, Dangiran HL. Analisis
Risiko Kesehatan Akibat Paparan Benzene
Melalui Inhalasi Pada Petugas Stasiun Pengisian
Bahan Bakar Umum (SPBU) di Sekitar Kawasan
Universitas Diponegoro Semarang. Kesehat
Masy. 2016; 4:907–16.
13. Tualeka AR, Faradisha J, Maharja R. Determination
of No Observed Adverse Effect Level Ammonia
in White Mice Through CD4 Expression. DoseResponse An Int J. 2018; 16(4):1–9
14. Tualeka AR. Toksikologi Industri & Risk
Assessment. Surabaya: Graha Ilmu Mulia. 2013.
15. Tualeka, A.R. Toksikologi Industri. Surabaya:
Graha Ilmu Mulia. 2013.
16. IARC (WHO). Diesel engine exhaust
carcinogenic. In IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans;
International Agency for Research on Cancer:
Lyon, France. 2012; Volume 105

