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Abstract— Xylene is an ingredient that is most dominant
in spray painting in the automotive industry. When the
paint is sprayed, the worker will be exposed not only by
the vapor, but also from the mist, a collection of fine
particlesin the form of a liquid. This study was conducted
in one area of car painting in Surabaya. The aim of this
study is to analyze factors associated with xylene
exposrue. Car painter is a group of workers at risk for
exposure to xylene. In addition, workers also do not know
the dangers of exposure to xylene against him. This study
was designed as an observational study conducted cross-
sectional to analyze the relationship between levels of
xylene exposure and characteristic of workshops in car
painting area in SQurabaya. Result of Spearman test for
analyzing factors associated with xylene exposure showed
a dignificant correlation on temperature and humidity.
Based on the independent-samples t-test it can be
concluded that there is a datistically significant
difference between two conditions, if the cut off point of
this comparison based on TLV, 100 ppm. As the
concluson, there is a relationship between
characteristics of workshops with xylene exposure in car
painting areas in Surabaya.
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I.  INTRODUCTION
Growth in the number of people around the world so
rapidly have encouraged the era of industrializatid
period marked by the rapid development of scienu a
technology, so that people can more easily meet the
needs. The situation is further open employment
diversity. The field work is needed on the one hangd
on the other hand need realize the problems tred te
be considered which is associated with the impdct o
occupational diseases.
The growing world of industry led to a growing nuenb
of potential dangers and risks faced by workerseftil
hazards and risks in the industry for example, réetsaof
chemicals that are raw materials, by-products, elbas a
variety of factors other hazards that may posskata the
workforce.
Indirect impact on the progress of industrializatio the
form of occupational disease, where this needseri
attention. One area of work that needs attention is
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occupational disease in workers exposed to organic
solvents for example on paint manufacturing workers
shipyard workers in the painting, car repair steog etc.

A variety of health consequences, including th& o$
occupational diseasebecause of exposure to chemical
contained in the organic solvents, one of whichais
neurological complaints.

The workers groups need attention because theibarsn
are constantly growing, while the risk of disease tb its

big enough. Currently no less than 100 car paiptire
shop car painting spread over the area in the gélla
Bubutan, District Bubutan, City Surabya. That numbe
has increased gradually each year.

Car painting process using paints containing oxgani
solvents. Exposure to paint solvent vapor can cause
irritation and damage to the eyes and mucous merabra
respiratory and gastrointestinal tract, and skixpdsure

to organic chemicals (xylene, n-hexane, methyladtoh
etc.) can cause damage to the nervous system.

II. METHODS
This study was designed as an observational study
conducted cross-sectional to analyze the relatipnsh
between levels of xylene exposure and characteristi
workshops in car painting area in Surabaya. Thdystu
involved five workshops of car painting which catsf
car painters worked in.
In this study the variables that will be carefuliyided as
the characteristics of workshops such as, lengtivark,
part of the job, years of smoking habit, the hatiit
exercise, use of protective equipment themselvethen
form of masks, and xylene levels in environmentatkv
station in car painting areas in Surabaya.
The techniqgue of collecting data using interview
techniques with the help of questionnaires, obsiems
with the help of a checklist, and documentatiormlgtu

. RESULT AND DISCUSSION
Surabaya is the capital of East Java province.
Geographically located between the 0721 'Southutii
and 11236' - 11 254 'east longitude. Metropolishvat
population of nearly 3 million inhabitants. Theabarea
of 274.06 km2 Surabaya city is divided into 31 rilis$
and 163 villages / wards.
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Bubutan sub-district is one of the districts of tB&
districts in Surabaya with the area of 4.04 km2r€hare
five villages in the district Bubutan, namely Budbut
Village, Village Alon-Alon Contong, Gundih Village,
Village Jepara, and Wall Dukuh village. This studss
conducted in Pengenal Street, Village Bubutan.

The majority of residents in Pengenal Street wosk a
informal workers who work in the welding shop, dgdo
and car paint. Painting businesses have been asinoel
the 1970s, located in Pengenal Street and surrogndi
areas. This effort is the informal sector, where th
painting operations carried out at the roadsidéeh whe
type of business that is almost the same, nhamebgitee
the painting, dodog and welding. Type of vehiclaisar
serviced in general, but some workshops also recaiv
motor painting services.

Car painting business premises located on the id&ds
utilize unused land, such as the National Housenlaw
Indonesia, Printing Birawa building parking lot, dan
several permanent workshop in Jalan Identity, iistr
Bubutan, Surabaya. Garage business at this location
consists of workshops open and semi-enclosed garage
(partially open). In general, the final stage of painting

is done in the open field, semi-enclosed workshep i
usually used to paint a small section of the car.

At the beginning of the development of paintingtie
street identifier Surabaya car starts from a fewpte
who open businesses car painting, then increasieg o
time, the increasing needs and Ilimited formal
employment, many people involved in car paintingrop
businesses in the area.

Most workers in Jalan identifiers are migrants from
outside the region Surabaya. Car painting effantst on
average at 08.00 to 17.00 every day of the week.
However, there are several workshops which only
operates Monday to Saturday. The study involved 51
workers car painting which is divided into 36 panstand

15 pendempul.

Based on observations during the study, materisgs in
vehicle paint is organic solvent and paint. Pamisdone

by spraying (spray paint) with the help of the coeggor.
Material that comes out in the form of aerosolstaming
some chemicals. One of the chemicals found in paint
solvent is xylene.

Organic solvents are widely used in industry, among
others in the processing of fuels, degreasant,sidhand
paint industry. It is estimated that about 2 milliworkers
(9% of the working population) in the United Kingdo
using these chemicals on a regular basis (Dicklet a
2000). In Indonesia, the use of organic solventdelyi
used, especially in the industrial sector which suse
chemical raw materials, one of them in the painting
industry.
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Xylene is an ingredient that is most dominant imagp
painting in the automotive industry (Winder andceta
2005). When the paint is sprayed, the worker wdl b
exposed not only by the steam, but also from th&t,rai
collection of fine particles in the form of a ligli The
shape will be very easily inhaled by workers ooitte
skin, especially if not wearing a mask and appwadpri
work clothes (WWAC 2009).

Levels of xylene composition measured by a laboyato
which is m-xylene (40-65%), p-xylene (20%), o-xyden
(20%) and ethyl benzene (6-20%). Occupational $afet
and Health Administration (OSHA) set a limit valoé
tolerance or permissible exposure limit (PEL) i® Jpm

for xylene in a concentration of 8 hours of expesoir 8-

h time-weighted average (TWA). National Institutar f
Occupational Safety and Health (NIOSH) recommended
exposure limits xylene is 100 ppm TWA up to 10 tour
on working hours per day or 40 hours per week &0@ 2
ppm for 10 minutes of exposure as brief exposure or
short-term limit (Kandyala, 2010) ,

Some studies show the health hazards due to exptsur
xylene, the acute exposure of 200-ppm for 3-5 neigut
cause iriasi the eyes, nose and throat (Malathl,4R0
Symptoms of anorexia, nausea and vomiting shown by
workers exposed to vapors of xylene for 2 weekshitk

et al.,, 1993). Exposure to 10,000 ppm of xylene in
inhalasai show complaints of kidney function
characterized by increased levelspedlukoronidase and
albumin in the urine, as well as the excretioneaf blood
cells and white blood cells in the urine (Mala014). A
study conducted on some groups of workers in Turkey
Increased damage to the auditory group paint
manufacturing industry workers and workers paintimg
Turkey showed 131 workers exposed to organic stdven
and noise of 85 dB in the workplace is higher thaat of
workers exposed to noise only at the same ratearfizg
solvents used as raw materials in this group aleney
Based on this research showed levels of xylenedrkw
environment area in Surabaya among five locatitwas t
manage the car painting business, (séable 1)
respectively 31.70 ppm, 60.68 ppm, 65.93 ppm, Zith p
and 341 ppm, with levels of xylene in the air two
workshops are known to exceed the threshold limitie
(TLV), which is 100 ppm. However, type of workshops
thought to affect level of xylene exposure. As #isvay

or ventilation have a big role with the path of et
exposure.

The initial three workshops (A,B and C) apparently
shows the lower levels of xylene then last worksh(ip
and E) as they are kind of open workshops, whienb E
are partially open workshop with no local exhadstis
research was conducted in car painting area infdbyma
general, there are two types of painting locatioasnely
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the location of open and semi-closed. to an opeation,

the painting done in the field or outdoors. Howewethe
semi-enclosed locations, performed in a workshagt th
had the door open, but does not have good air egeha
system.

According to NIOSH (2005), TLV-STEL for xylene is
50-100 ppm. The health risk resulting from xylene
exposure in car painting areas were calculated from
various workshop throughout study located. The sxp®
data was collated based on the workshop. Heakhwrés
evaluated for each scenario using the concentration
exposure levels (C) ifable 2.In this study, it is known
that the greater levels of xylene in the air, thbe
exposure concentration that is projected to betgrea
based on Table 1, if the levels of xylene in the ai
received by the engine gauges indicate safe lewEls
65.39, the duration for workers can work at the $i
estimated to a maximum of 4 years at the latest.
Therefore, the greater the exposure, the recomndende
safe duration getting shorter. Based on the arsabfsiisk
exposure to xylene, known RfC of xylene is 0,001 /mg
kg.hari, then by exposure to 65.93 ppm, xylene ctoxi
effects can be found in workers with a weight of K¢
and a working 300 days per year with a duratiosadély
xylene in the body for 4 years.

On the other hand, temperature of five workshops
considered in same trends which are in a rate % 30
34°C. if it links to the exposure, concentration ofene
more than 100 ppm tended to rise in high tempezatur
Some argue if volatile organic compound with its
characteristic as vapor can highly evaporate theenb
compiled as the molecules weight of xylene itsélie
majority of xylene released to the environment cllye
into the atmosphere. In the atmosphere, xylene ésem
are readily degraded, mainly by photo oxidation.
Volatilization into the atmosphere from the watercly

for all three isomers of xylene. We can sed-igure 1,
where the highest concentration of xylene in the
workshop E showing highest temperature as well.
Otherwise, in the lower of concentration of xylahere
were also the lower of temperature.

In contrast, humidity in location C was the highastong
five workshops over the location. Even though this
location barely same with initial workshops as open
workshops, the exposure highlighted as below the
threshold limit value (TLV). The influence of huntig

on the decomposition of VOCs has been studied for
several VOCs. Water vapor could enhance the removal
efficiency since it may evolve into hydroxyl radica
whose oxidation power is superior to other oxidants
Another point to consider is the number of workeeach
workshop. It deals with average of costumer thatyth
serve every day. Basically, car painting spend rad@ito
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7 days to last step, which is polishing. Based lo& t
location of the workshop known distribution of the
number of workers in the car painting in Surabaga a
follows in Table 1.Bar chart describes the distribution of
the number of workers in the car painting in Suyabshe
largest known number of workers are in Workshop C,
which is 13 people or 25.5%, while the lowest was i
Workshop B, as many as 8 or 15, 7%. In general, all
workshops experience the same patterns eithewfober

of workers and costumer in a week to some extaut, b
percentage of workers in workshop C, which haveemor
workers, also have sizeable number of costumer.
However, type of workshop in C is the same withmd a

B which are open workshop, while workshop D and& a
kind of partially open workshop.

Based on this study also reported the, workingogleri
and working duration of respondents, known to the
average service life of 22.29 years, while the ager
length of employment of the respondents is 7.29%$0ou
The minimum employment period of workers is 9 years
old and the longest working period is 41 years. In
addition, long known that the worker is a minimu5o
hours per day, and a maximum working time of 8 kBour
per day.

Results of research on the frequency distributiorcar
painting areas Table 1), it is known from the 51
respondents who works as a painter as many asdjfepe
or 70.6%, while 15 people as non-painter os teethnic
staff as 29.4%.

IV. FIGURES AND TABLES
Table 1. Levels of xylene in work environment area

Xylene Number
Location | concentration of Type
(ppm) workers
A 31.70 11 Open
B 60.68 8 Open
C 65.93 13 Open
D 271.00 19 | Partialy
open
E 341.00 9 Partially
open

Table illustrating checklist of information for »are
exposure.
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Table 2. Projected of xylene exposure based on health [4] Hamm, R.D. (2013) The Nervous System — Target
risk assessment. Organ into the Twenty-First Century. Canadian
Conct. Board of Occupational Medicine. Canada.
. Xylene Exposure Safe_ty http://spph.ubc.calfiles/2013/10/Occupational-
Location. | Conct. duration . .
Level (C) NeuroToxicology-by-Dr.-R.-D.-Hamm.pdf. diakses
(ppm) (mg/m?) (vears) pada 20 Oktober 2015.
A 31.70 134.48 8.1% [5] IPCS (2004) Xylene. Geneva, World Health
B 60.68 257.42 4.03 Organization, International Programme on Chemical
C 65.93 279.70 4.06 Safety (International Chemical Safety Card
D 271.00| 1149.66 0.9p 0015;www.inchem.org/documents/icsc/icsc/eics0015
E 341.00] 1446.63 0.8D .htm. diakses pada 23 Mei 2015
Table illustrating xylene exposure based on heigth [6] Mulhausen,J and Damiano (2003) Chapter 4th ;
assesment. The higher the concentration of xykiee, Comprehensive  Exposure ~ Assessment  the
higher the concentration of exposure to human hed t Occupational Environment : Its evaluation, control
fastest of safety duration. and management. 2nd edition.
[71 Mohamed, M.Y.A. (2008) Risk Assessment of
35 Hazardous Chemicals A Case Study in Chemistry
34 Research Laboratory of USM. Thesis. University
33 o Sains Malaysia.
32 - [8] NIOSH. (1996) Volatile Organic Compounds
31 ac (Screening).
30 an www.cdc.gov/niosh/docs/154/pdfs/1005.pdf. diakses
9 aF pada 22 Mei 2015.
=8 [9] Ruijten, MW., Hooisma, J. Brons, JT., Habets C.,
27 Muijser H. (1994) Neurobehavioral effects of long-
TEMPFRATURF term exposure to xylene and mixed organic solvents
Fig. 1: Frequency distribution based on temperature over in shipyard spray painter. Neurotoxicology. 1994
the location of car painting in Surabaya. Fall;15(3):613-20.
http://www.ncbi.nlm.nih.gov/pubmed/7854596.
V. CONCLUSION diakses pada 19 Mei 2015.
Based on the analysis of factors associated witaney [10] Salvatore, AlHA-Washington TLV ACGIH (2010)
exposure, it can be concluded as follows: Treshold Limit Value for Chemicals Substances and
1. There is a relationship between characteristits Physical Agents
workshops with xylene exposure in car painting suiea [11]Seppiilainen, A.M., Leine A., Salmi T, (2009)
Surabaya. Changes Induced by Short-Term Xylene Exposure in
2. Factors workshop characteristics form and pretts Human Evoked Potentials. Int Arch Occup Environ
working is associated with increasing levels ofexg Health 61 : 443-449. diakses pada 30 Agustus 2015.
exposure in car painting workshop in Surabaya. [12]Worksafe ~ Western  Australia ~ Commision
(WWAC).2009. Code of Practice Spray Painting,
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