Factor Related to Urine Trans, Trans-muconic Acid (TT-MA)
Levels of Shoemaker in Tambak Oso Wilangun Surabaya

Sam Sam Eka Bada', Abdul Rohim Tualeka', Noeroel Widajati'
'Departement of Occupational Health and Safety, Aivlangga University, Surabaya Indonesia

ABSTRACT

Benzene is one of the components contained in the glue which is used in shoe-making process of home
industry activities. The using of Benzene in a long period can cause hematologic disorders. The exposure
of benzene in the working environment of the shoemaker is related to the individual characteristics and
the conditions of the working environment. The level of trans, trans muconic acid (tt-MA) in the urine is a
manifestation of a research subject’s exposure to benzene exposure in the workplace.

The purpose of this study was to analyze factors related to urine tt-MA levels of shoemaker. This study was
an observational research, and the design of study is a cross-sectional research with 20 people as the research
subjects. The independent variables were age, gender, nutritional status, working hours (hour/ day), working
periods (year) and smoking habit, whereas the dependent variable was urine tt-MA levels.

The mean of benzene level in the air is 0.5111 ppm and the mean of urine tt-MA levels is 555,65 pg/ g
creatinine. Pearson correlation test indicated that there is a significant relationship between the working
hours (hour/ day) with the urine tt-MA levels of the research subjects (p= 0.040).

Continuous counseling needs to be carried out considering the risks of chemical substances in the home
industry of shoes. In addition, the application of the regulation of 5R principles in the workplace is necessary,
and maintaining personal hygiene and expanding ventilation as well as providing plantation to reduce the

benzene vapor in the working environment of the shoemaker is important.
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INTRODUCTION

One of informal sector which gives a strong influence
in the development of Indonesia is the home industry
of footwear with a total value of $ 1.51 millions. The
characteristics of footwear informal industry is that this
industry is very vulnerable to the hazards of chemical
elements" Generally, glues or adhesives contain various
combination of chemical elements including benzene
which has function as a solvent.

Benzene is a hazardous chemical element and it
is carcinogenic to human* The most significant toxic
effects upon exposure to benzene is bone marrow
damage* Related research of biochemical and
hematological analysis on the shoemaker in Pakistan
found that there is a significant result of changes in
the levels of blood profile of the shoemaker workers
compared to the control group *

Benzene that enters the body will

metabolism into benzene epoxide. Benzene epoxide is

undergo

an unstable compound and it will undergo oxidation to
form trans, trans-muconaldehyde then turn into trans,
trans Muconic Acid which is excreted in the urine.
One of sensitive and relevant indicators to measure the
exposure and dosage of benzene entering the body is by
using a biomarker which is trans, trans Muconic Acid (t,
t-MA) contained in the urine> The level of tt-MA in the
urine will be able to detect the exposure of benzene at
concentrations of up to 0.1 ppm®*

The amount of benzene entering the body of
the shoemaker can not be separated from the related
characteristics of the individual and their working
environment. Age affects the body resistance to toxic
exposure, the older the worker, the higher the risk
of benzene poisoning™ Gender also related with the
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susceptibility of benzene toxicity which is lipophilic in
which women have more body fat than men® Working
hours (hours/ day), working periods (year) is closely
related to the large exposure to the hazardous substances
and the onset of disease if it exceeds within the specified
limits® Nutritional status is also an important factor
in the process of health risk analysis, if the nutritional
status of workers are within the normal level, the process
of blood cell formation will goes normal'®. Smoking
habits will increase the amount of benzene intake,
benzene in cigarette smoke is around 25.5 to 63.7 g/
stick of cigarette"

Indonesia sets a Threshold Limit Value (TLV)
for benzene of 0.5 ppm which is according to the
regulation' The Biological Exposure Indices at work
on the exposure of benzene fro the biomarker of tt-MA
biomarkers in urine is at 500 ug/ g creatinine®.

The results of observations on the shoemaker in
the home industry of Tambak Oso Wilangun Surabaya
such as unhealthy
working environment, bad ventilation, no PPE (mask),
the glue container used is always open, the workers also
do not wear clothes and smoking at work. The workers
seem to have complaints such as dizziness, shortness of
breath and stinging in the eyes, which indicates that their
bodies have been expose to benzene.

indicated some characteristics,

The purpose of this study was to analyze the
relationship of the research subjects characteristics
including age, sex, nutritional status, working hour
(hours/ day), working period (years) and smoking habits
with the levels of urine tt-MA.

MATERIAL AND METHOD

This study applied a cross sectional design with
an obeservational type, obtained 20 people as the
subjects selected based on certain criteria. The research
was conducted in 7 home industries of footwear in
Tambak Oso Wilangun Surabaya, held in November
2016. To determine the level of benzene exposure in
the body of the shoemaker was done measurement of
biomarker of urine tt-MA, and to determine the levels of
benzene in the working environment was done benzene
measurements in the air.

This study applied some research instruments such
as questionnaire, observation sheets and interview notes.
All the subjects was given instruction and completed the

informed consent prior to the measurement.
FINDINGS

The characteristics of subjects in this study can be
seen in the following table 1:

Tabel 1. Subject characteristics

Result |
No Variable Category
n |% |
min (23 S| =
- (23) |- |
1 max (62) 3 =
(years) '
mean (46,05 ) - 1- ]
male 10 |50 |
) Sex |
female 10 |50 |
thin (<18.5) 5]
Nutritional : ;
3 Status (BMI) normal(18.5-22.9) 4 : 20 |
fat(> 22.9) 151)]]|i%s
. min (6) - |-
Working - ]
4 Hours - maps {13 —
(hours/day) mean (11,08) - |-
_ min (2,5) - |-
Working |
5 Periods L SGs)) - : -
(years) mean (25,7) - 2
6 Smoking Smioken L |
habit Not smoker 13 | 65 ]

Information : *BMI (Body Mass Index) is the ratio
of weight (kg) by the square of height (meters).

In collecting the data of the characteristics of the
subjects was done by interviewing the respondents
by using a questionnaire which consists of age, sex,
working hours and working periods and smoking habit.
Whereas to collect the data of nutritional status was
done by using the indicator measurements of Body Mass
Index (BMI), the data of height and weight.

The measurement of environment was conducted to
determine the level of benzene exposed in the working
environment. The results of measurements of the level
of benzene in the air can be seen in the following table
2z
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Table 2. The Level of Benzene in the Air

Work Point Result
Escation (Floor) Level of Benzene
(ppm)
Location A 1 0,3975
[ocation B P 0,0129
Location C 3 0,3503
Location D 4 0,0193
Location E 5 (1s'floor) 0,9129*
. 6 (2™ floor) 2,3330%
Location F
7l 0,0182
Location G 8 0,0485
mean 0,5111
max 2,3330
min 0,0129

* Exceeding TVL levels”

The mean of benzene level in the air of home
industry working environment is 0.5111 ppm with the
highest levels at 2.3330 and the lowest level at 0.0129

ppm ppm.

The chemicals occur in their working environment,
which is particularly derived from the glue may effects
the physical health such as blood level abnormality.
The different levels of benzene occur in each working
location is caused by several things, they are: the
number of shoes produced in the production, the type of
raw materials used for the shoes, the technique/ methods
of work, and the lack of sufficient ventilation.

In addition, a biomarker measurement of urine tt-
MA levels to determine the level of benzene exposed
in the body on the benzene exposed in the working
environment. The result of measurement of tt-MA level
in the research subjects can be seen in the following
table 3:

Tabel 3. The level of tt-MA in the Subjects

Cont... Tabel 3. The level of tt-MA in the
Subjects
g h 417,17
Eoca“on 3 j 577.48*
fi 250,63
Location 4 k 960,29*
D l 874,07*
S fhg(l;) m 388,42
ocation
E 6 (2 n 1.731,38%
floor) 0 775,08*
. p 1.363,66*
Location
. 7 q 552,49*
r 286,86
Location . S 57.59
E t 296,12
niean 555,65
max 1.731,38
| min 57,59
*Exceeding Biological Exposure Indices (BEI®

The urine test was done at the end of the working
shift since it is a gold period of the peak accumulation
of metabolites tt-MA> The mean of urine tt-MA levels
is 555,65  pg/g creatinine, there are eight respondents
who had higher levels of tt-MA exceed the limit of BEI.

Statistical test analysis was done to determine the
relationship of subject characteristics with the levels of
urine tt-MA. To determine the relationship, variables
with data ratio scale was analyze by using Pearson
Correlation test. Whereas, variables with ordinal data
scale was analyze by using Spearman correlation test.
Besides, the nominal variable (sex) was analyzed by
using t-test to find out the difference of tt-MA levels
between male and female. The results of the test on
the relationship of those variables can be seen in the
following table 4.

Tabel 4. The Test Result of The Relationship

Work . Level of tt-MA of the Subjects Characteristics with the Urine tt-MA
. Point Shoemaker -
Location (ug/g creatinine) Levels
a 466,71 No | Variables p-value Result
Location : b 244.86 1 | Age 0,965 lnsiAgniAﬁcam
A ¢ 24793 2| Sex 0,896 Insignificant
V] 421.66 3 Nutritional status (BMI) 0,492 Insignificant
; 52’ = 4 | Working Hours (hours/day) 0,040 Significant
Location 3 ° 327’50 5 Working Periods (years) 0,927 Insignificant
B A : 6 Smoking habit 0,064 Insignificant
g 698,62+ T
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Table 4 shows that there is a significant relationship
between the variable of working hours (hours/day) with
the level of urine tt-MA in the subject with a value of p
= <0.05.

Age

The high levels of urine tt-MA of individuals is
considered as the tendency of the factor of age that
affects the decreased function of the body’s metabolism
(> 45 years old)" However, the result of this study
indicated that high levels of tt-MA also found in the
subjects at the age of < 45 years old. In accordance
with the research by Fakhrinnur er al, (2016)", also
concluded that the variable of age is not dominant in
relation to the levels of tt-MA since respondents at the
age of < 45 years also consider to have high levels of
tt-MA, therefore, the variable of age has no relationship
with the levels of urine tt-MA in the respondents.

Sex

There is no difference in the levels of urine tt-MA
between male and female. The results of the level of
urine tt-MA of the subjects determined by gender are
relatively similar. Liver has function as the metabolism
of benzene and tt -MA in the subjects which is not
discover in this study. Therefore, this is considered as
the limitation in this study, since the liver function will
affect the metabolism of a chemical substance*

Nutritional Status

Based on the results of body mass index
measurements, obtained the mean of BMI is 27.13 or
overall subject categorized as fat This study does not
similar with the research conducted by Waritz (1995)"
who states that obesity may decrease the elimination
rate of lipophilic subtance (benzene) in the liver. The
result of this study indicated no relationship between the
two variables since the nutritional status of the subjects
cannot represent the overall nutritional history during
the previous period, whereas benzene poisoning occurs
chronically and accumulative, which then influenced by
the nutritional history of the individuals'*

Working Hours (hour/hari)

The result of this study indicated that working
hours has a significant relationship with the level of
urine tt-MA. To extend the working hours per day can
increase the exposure to the chemical subtances in the

working place® The results of this study is supported
by the research conducted by Mansour et al, (2012)'¢
conducted in the footwear industry in East Tehran,
adding the working hours will directly proportional with
the amount of chemicals subtance (glue) usage in the
production process result in the increase of severity of
benzene exposed in the body. The duration of workers
exposed to the chemical subtances in a matter of hours
per day has a relationship with the levels of benzene in
the urine of the workers themselves'”:

Working Period (year)

Working period does not have a relationship with
the levels of urine tt-MA. Working period of more
than 30 years is considered as the period effect of non-
carcinogenic toxicant subtances which can be manifested
in the human'® However, it was found in the research
subject that the level of tt-MA is higher than the level
of BEI with the tenure of >30 years, meanwhile, the
working hours per day is more than 8 hours. This means
that the working hours per day has a more significant
relationship with the level of tt-MA compared to
tenure. This also indicated that the excretion of tt-MA
in the urine is at culmination after 4-5 hours exposure,
therefore, the urine sample should be collected soon
after the exposure happen*

Smoking Habit

In this study, smoking does not have a relationship
with the level of urine tt-MA. The results of this study
is in accordance with the research conducted by Martin
et al, (2004)° concerning the level of urine tt-MA
of worker with high exposure of benzene, there is
no significant difference between workers who have
smoking habit and those who do not have smoking
habit.

This study recommends that the should government
undertake continuous health education, and for the shoes
craftsmen shoes to optimize ventilation and maintain
personal hygiene. For the next researcher to use personal
sampler tools to determine the level of exposure of each
individual received.

CONCLUSION

1. The mean of benzene levels in the air of the
home industry working environment is at 0.5111 ppm,
exceeding the Threshold Limit Value (TLV).
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2. The mean of trans, trans muconic acid (tt-MA)
levels in the urine of the subject is at 555.65 pg/ g
creatinine, exceeding the Biological Exposure Indices
(BEI).

3. There is a relationship between the working
hours (hours/ day) with the levels of urinett-MA of the
subject.
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