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ABSTRACT

The objectives of this study were to identify the presence of ventilation, Risk Quotient (RQ) of benzene non-
carcinogen  and the relationship between them in the shoes home industry of Romokalisari, Surabaya. Type 
of study was observational, cross sectional analytics with 10 workers as total population. 

Data analysis was using cross tabulation to know the frequency of ventilation and Risk Quotient (RQ), 
that obtained from the value of Intake benzene non karsinogen (Ink), benzene concentration in work 
environment (C), inhalation rate (R), length of work/day (tE), working frequency/year (fE), duration of 
work (Dt), worker’s weight (Wb) and average time period (tavg). Analysis relationship between ventilation 
with Risk Quotient (RQ) of benzene non carcinogen was using Chi-Square Test and Prevalence Risk (PR). 

The results obtained most of the workplace were not ventilated (9 places (90%)). Concentrations of benzene 
in the environment 0.04 mg/m3-2.91 mg/m3. Inhalation rate (R) 0.5 m3/hr-0.7 m3/hr. Length of work per 
day (tE) 8 hours/day-15 hours/day. Frequency of work per year (fE) 312 days/year-365 days/year. Duration 
of work (Dt) 14 years-43 years. Weight of worker (Wb) in 8 people (80%) ≤70 Kg. RfC benzene 0.03 mg/
m3. Risk Quotient (RQ)> 1, indicating that there was a possibility of non-carcinogenic health risks. P-value 
was 0.035, meaning there was relationship between the existence of ventilation with the Risk Quotient 
(RQ) benzene non-carcinogen in workers. Prevalence Risk (PR) was 9.000, meaning that the absence of 
ventilation has a risk 9 times greater for the risk of non-carcinogen health effects. Recommendations were 
by making good ventilation in the workplace and consuming CYP2E1 enzyme contained in cow liver and 
salmon to lower benzene levels in the body.13
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INTRODUCTION

Benzene is widely used as a good organic solvent 
for various industrial processes such as rubber industry, 
shoes, paint solvents, components in motor fuel, 
components in detergents, pesticides and pharmaceutical 
manufacturing.3 The US-EPA has classified benzene 
as a carcinogenic substance against humans (GrupA), 
so now the use of benzene as a solvent is increasingly 
constrained.20

In general, people can smell benzene from 
concentrations of 60 ppm to 100 ppm and to feel benzene 
in water at concentrations of 0.5 to 4.5 ppm.7 Based on 
Permenakertrans Nomor Per.13/MEN/X/2011 about 
Threshold Limit of Physical Factor and Chemical Factors 
at Work, maksimum benzene exposure is 1.59 mg/

m3,12 American Conference of Governmental Industrial 
Hygienists (ACGIH) states the limit of benzene exposure 
is 0.5 ppm with maximum exposure for 8 hours of work,1 
while the American Petroleum Institute (API) states that 
the absolute limit of safe exposure to benzene is zero.14,16

Continuous exposure to benzene and exceeding 
predetermined threshold values ​​can cause adverse health 
effects, especially exposure through inhalation. The 
impacts that can arise from acute exposure to benzene 
can cause disruption of the nervous system, lack of 
oxygen supply to the brain, dizziness, rapid heartbeat, 
headache, tremors, confusion and fainting.18,19 Benzene 
toxicity to the central nervous system arises after 
exposure to benzene through inhalation/respiration with 
high concentrations (3,000 ppm for 5 minutes) or 30 to 
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60 minutes via digestion.3 

Based on the study previously about benzene and 
affect to the body have not been conducted study about 
effect ventilation to the risk quotient yet. As non formal 
Industry, shoes industry should to know  effect ventilation 
to RQ worker for preventing disease by benzene.

The shoes home industry of Romokalisari, Surabaya 
is a small shoes manufacturing sector in Surabaya. In 
the production process in the shoes home industry of  
Romokalisari, Surabaya there is the process of gluing 
shoes with the use of glue materials in which there is a 
chemical content of benzene. In addition, the presence of 
ventilation in the shoes home industry of Romokalisari, 
Surabaya allegedly can affect the level of exposure of 
benzene in the workplace. Therefore, the study aims to 
determine the existence of ventilation, Risk Quotient 
(RQ) of benzene non-carcinogen and the relationship 
between the existence of ventilation with Risk Quotient 
(RQ) benzene non-carcinogen in home industry shoes 
Romokalisari, Surabaya.

MATERIALS AND METHOD

This study was an observational study with cross 
sectional analytical design in home industry of shoes 
Romokalisari Surabaya with total population counted 10 
workers. This study was conducted at home industry of 
shoes Romokalisari, Surabaya in October 2017. 

Variables in this study were the presence of 
ventilation and Risk Quotient (RQ) of benzene non-
carcinogen. Determination of Risk Quotient (RQ) of 
benzene non-carcinogen  was calculated from Intake 
benzene non-carcinogen (Ink)/RfC. The value of Intake 
benzene non-carcinogenic was the result of calculation 
that was directly proportional to the value of benzene 
concentration in the working environment (C), inhalation 
rate of worker (R), length of work/day (tE), working 
frequency per year (fE), duration of work (Dt) and was 
inversely proportional to the worker’s characteristic 
value (consisting of worker’s weight (Wb) and average 
time period (tavg).

Primary data collection included the presence of 
ventilation data and worker characteristics (worker’s 
weight (Wb), length of work / day (tE), working frequency 
every year (fE), duration of work (Dt)). Secondary data 
collection included benzene concentration value data 
in work environment (C), worker inhalation rate (R) 

and average time period (tavg) used for non-carcinogen 
intake benzene (Ink) and RfC value used to calculate Risk 
Quotient (RQ).

Data analysis was using cross tabulation to know the 
frequency of the presence of ventilation and frequency 
of value to determine Risk Quotient (RQ) of benzene 
non-carcinogen that is result of calculation from Intake 
benzene non-carcinogen (Ink)/RfC. To determine the value 
of non-carcinogen intake benzene (Ink), it was necessary 
to know the frequency of benzene concentration values 
in the work environment (C), inhalation rate of worker 
(R), length of work/day (tE), frequency of work each 
year (fE) , working duration (Dt), worker’s characteristic 
value (consisting of worker’s weight (Wb) and average 
time period (tavg). The relationship analysis of the 
presence of ventilation with Risk Quotient (RQ) of 
benzene non-carcinogen was using Chi-Square Test and 
to know the amount of risk was using Prevalence Risk 
(PR).

FINDINGS

The Presence of Ventilation

Based on Table. 1 below, it could be seen that most 
of the place workers to work in the shoes home industry 
of Romokalisari, Surabaya had no ventilation that was 
counted  9 places (90%).

Tabel 1. Distribution of The Presence of 
Ventilation at Worker’s Place in The Shoes Home 
Industry of Romokalisari, Surabaya

The Presence of Ventilation N %

Yes 1 10,0

No 9 90,0

Total 10 100,0

Based on Peraturan Menteri Kesehatan Republik 
Indonesia No. 48 in  2016 about Occupational Safety 
and Health Standards in Office, it said that one of 
the requirements of building safety and security was 
the availability of ventilation for circulation and air 
exchange needs, especially when there were equipment 
that used solvent such as benzene. In addition, based 
on Keputusan Menteri Kesehatan Republik Indonesia 
Nomor 1405/MENKES/SK/XII/2002 in 2002 about 
the Health Working Environment Requirements in the 
Office and Industry, it said that every office space and 
industry had to had air/ventilation holes. Standard air 



exchange was 0.283 m3/min/person with ventilation rate 
of 0.15 to 0.25 m/s. For non-cooling working rooms 
should had a ventilation hole at least 15% of the floor 
area by applying a cross ventilation system.11

LEED10, ASHRAE2, and ICC9, suggested that 
additional ventilation at the end of construction would 
reduced VOC concentrations (including benzene) to 
acceptable levels. In indoor environmental studies, 
BRE reported that seasonal variation in indoor air 
concentrations was due to higher concentrations of 
exterior air infiltrated to buildings, and a greater effect 
of indoor sources during the winter than in the summer 

months. This wass because the available ventilation at a 
low/bad level.4 VOC concentrations including benzene 
are reduced when the level of ventilation and material 
emission standards were met.8

Risk Quotient (RQ) of Benzene Non-Carcinogen

The following on the below were data of benzene 
concentration, inhalation rate, worker characteristics, 
non-carcinogenic benzene intake and Risk Quotient 
(RQ) in the shoes home industry of Romokalisari, 
Surabaya.

Tabel. 2 Data of Benzene Concentration, Inhalation Rate, Workers Characteristic, Intake Benzene Non-
Carcinogen and Risk Quotient (RQ) of Benzene Non-Carcinogen in The Shoes Home Industry of Romokalisari, 
Surabaya 

No. 
Workers

C
mg/m3

R
m3/jam

tE
Jam/hari

fE
Hari/Tahun

Dt
Tahun

Wb
Kg

tavg

Hari

Ink

mg/Kg/
hari

RQ
mg/Kg/
hari

1. 1.12 0.5 13 312 43 42 10950 0.2285 26.8785

2. 1.12 0.6 9 312 43 52 10950 0.1390 16.3475

3. 0.06 0.6 14 312 36 50 10950 0.0099 1.1686

4. 0.06 0.6 8 312 40 48 10950 0.0065 0.7608

5. 1.27 0.7 10 350 27 70 10950 0.1019 11.9865

6. 1.27 0.6 8 365 20 50 10950 0.0781 9.1863

7. 1.27 0.7 8 312 14 80 10950 0.0345 4.0540

8. 1.27 0.6 15 365 23 53 10950 0.1624 19.1039

9. 2.91 0.7 10 312 25 85 10950 0.1691 19.8992

10. 0.04 0.7 15 365 20 70 10950 0.0037 0.4375

Average 0.0933 10.9823

In Table. 2 above, the value of Intake benzene non-
carcinogenic (Ink) can be calculated using the following 
formula:

Based on the calculation of Intake benzene non-
carcinogen (Ink) value above, it was known that the 
maximum intake value received by workers in the shoes 
home industry Romokalisari Surabaya was 0.2285 mg/
Kg/day).

Risk Quotient (RQ) of benzene non-carcinogen 
determines benzene exposure having non-carcinogenic 
risks in the worker’s body or not. The value of Risk 
Quotient (RQ) is calculated using the following formula:

It was known that the non-carcinogenic benzene 
RfC values established by US-EPA21 are 0.03 mg/m3 or 
0.0085 mg/Kg/day. Based on the calculation table above, 
the average value of Risk Quotient (RQ) on workers in 
the shoes home industry of Romokalisari, Surabaya was 
10.9823 mg/Kg/day and the highest RQ was 26.8785 
mg/Kg/day. This showed that RQ>1, meaning that there 
was a possible indication of the risk of non-carcinogenis 
health effect and the need for control measures.15
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This was in accordance with the results of study that 
conducted by Edokpolo, Yu and Conneli5 on the Health 
Risk Assessment for Exposure to Benzene in Petroleum 
Refiney Environments, found that RQ>1 for scenarios 
2A and 3A indicating possible health risks for groups 
exposed to benzene. A study conducted by Fahrudi6 
on the Risks of Cancer and Non-Cancer at Benzene 
Exposure Workers in Home Industry Shoe Kelurahan 
Oso Wilangun Surabaya, found that benzene levels 
measured in the workplace air ranged from 0.04 mg/
m3 to 7.44 mg/m3, RQ≤1 was counted 8 people (40%), 
RQ>1was counted 13 people (60%) and ECR calculation 
got all workers with ECR value>10-5 was counted 20 

people (100%).

The Presence of Ventilation with Risk Quotient (RQ) 
of Benzene Non-Karsinogen 

In the bivariate analysis of the relationship between 
the presence of ventilation with Risk Quotient (RQ) of 
benzene non-carcinogen, the Risk Quotient (RQ) variable 
was made in 2 values, that were RQ≤1 and RQ> 1 in the 
Prevalence Risk (PR) calculation. The following below 
was relationsip between the presence of ventilation with 
Risk Quotient (RQ) of Benzene Non-Carcinogen.

Tabel. 3 Relationship between The Presence of Ventilation with Risk Quotient (RQ) of Benzene Non-
Carcinogen The Shoes Home Industry of Romokalisari, Surabaya

The Presence of Ventilation

Risk Quotient (RQ)
Total

p-value Prevalence Risk 
(95%CI)RQ≤1 RQ>1

N % N % N %

Yes 1 10.0 0 0.0 1 10.0

0.035 9.000
(1.418-57.1117)No 1 10.0 8 80.0 9 90.0

Total 2 20.0 8 80.0 10 100.0

Based on the results in Table. 3 above, it was found 
that the p-value of the relationship between the presence 
of ventilation with Risk Quotient (RQ) of benzene non-
carcinogen was 0.035 and when compared with α that 
was 0.005 then p-value 0.035 was smaller than α so 
it could be seen that there was a relationship between 
the presence of ventilation with Risk Quotient (RQ) of 
benzene non-carcinogen in the shoes home industry of  
Romokalisari, Surabaya.

Prevalence Risk (PR) showed 9.000, meaning that 
the absence of ventilation was 9 times greater risk for 
non-carcinogen health effects (RQ>1) to workers in 
the shoes home industry of Romokalisari, Surabaya 
and there was a significant relationship between the 
presence of ventilation and the value Risk Quotient (RQ) 
to worker in the shoes home industry of Romokalisari, 
Surabaya which could be seen from PR value does not 
pass 1 (1,418-57,1117).

These results were consistent with the theory 
expressed by LEED10, ASHRAE2, and ICC9, suggesting 
that additional ventilation at the end of construction 
would reduce VOC concentrations (including benzene) 
to acceptable levels. VOC concentrations including 
benzene were reduced when ventilation levels and 
material emission standards were met.8 According to the 

Tokyo National Institute of Technology and Evaluation, 
indoor benzene concentrations were usually higher than 
in the open air which could be caused by the entry and 
accumulation of benzene from external sources and the 
presence of dominant benzene sources indoors.17

CONCLUSION

The result of study found out that most of places 
(90.0%) for workers to work did not had ventilation.  
The most of worker in the shoe home industry of 
Romokalisari, Surabaya had Risk Quotient (80.0%) 
more than 1. There was a significant relationship between 
the presence of ventilation with  Risk Quotient (RQ) of 
benzene non-carcinogen in the shoes home industry of 
Romokalisari, Surabaya (p-value = 0.035, Prevalence 
Risk  = 9.000). Recommendation were by making 
ventilation in a good workplace and by consuming 
CYP2E1 enzyme contained in beef liver and salmon that 
serves to lower benzene levels in the body.13
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