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Environmental Health Risk Assessment of Inhaled Dust
Exposure on Workers at Industry Crumb Rubber
Palembang City 2016

A. Fickry Faisyai, Tan Malaka:, Hilda Zulkiflis, M. Zulkarnain:

iEnvironmental Science Study Program, Public Health Faculty, :Medical Faculty,
sMathematical and Science Faculty, Sviwijaya University, Indonesia

Abstract

Rubber dust produced from the destructive rubber processing production process can cause respiratory health
risks for workers. This study analyzed the risk of exposure to dust that is inhaled in the working environment of
industrial workers of crumb rubber production. This research used descriptive study design, to calculate
exposure risk of inhalation dust with environmental health risk analysis method to know the intake of individual
exposure per day based on concentration of concentration agent, activity pattern and anthropometry. The sample
this research were 156 workers from 450 workers. The technique for collecting the data used simple random
sampling. Crude rubber dust samples in the work environment were took 25 points based on SNI 7230 of 2009.
The concentration of dust being inhaled on the workers was measured using [IOM Dust Sampler brand Cat 225-
79A SKC, anthropometry using scales to measure the weight and pattern of worker activity was obtained using
questionnaires . The mean dose concentration was 2.15 mg/ ms, weight 57.7 kg, exposure time of 10.6
hours/day. frequency of exposure 286.6 days /year, exposure time of 10.6 years, 0.064 mg/ms intake and Risk
Quotient Non Carcinogenic> 1 is RQ 1.44 as many as 65% of workers. Risk management can be done by

minimizing or equalizing the intake value by rfc 0.0442 mg/ms.

Keywords: Inhaled dust, risk agent, ARKL

Introduction

Increased industrialization activities will directly
have a negative impact on increasing air pollution, both
ambient air and air in the workplace environment.
These conditions can be risk factors for various lung
diseases, including pneumoconiosis, farmer’s lung,
chronic bronchitis, pulmonary fibrosis. and asthma.
Industrial dust contained in the air by type can be
grouped into two, namely inorganic and organic dust.
Dust with a size of 5-10 microns when inhaled will be
retained and buried in the upper respiratory tract, while
the size between 3-5 microns retained and buried in the
middle airway. Industrial dust sucked continuously for
a long time can cause lung damage, thus reducing the
elasticity of the alveoli in accommodating the volume of
air (oxygen)i 2. Factors that contribute to the magnitude of
respiratory health problems due to dust, including airborne
dust levels. dust size, dust properties. reactivity of working
weather dust, duration of exposure and individual
sensitivitys 4. Crumb rubber industry performs

its production activities by processing raw materials
derived from raw natural rubber from the process of
tapping, clumping into rubber in the form of bearings
(slab) obtained from farmers further with mechanical
processes such as processing, crushing, milling and
packing will produce rubber crumbs and dust as a result of
its productionss . The production process of crumb rubber
processing has the potential risk of exposure to dust on
workers in the processed enumeration of processed rubber
or slab. milling of rubber products into rubber sheet
(blanket) and drying room of rubber sheet (hanging).
Workers exposed to organic dust in their workplace have a
high risk of developing respiratory health problemszs.
Rubber dust can be classified as organic dust, the
permitted dust limit i1s inhalable 10 mg/ ms and respirable
3 mg/ms 910 Respiratory disorders associated with the
workplace. 1e 6-30% of workers who have high exposure
to organic dustii. An environmental health risk assessment
1s an approach that can be used to look at the health risks
of hazard exposure in an environment that can have an

effect on the health
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of exposed populationsiz. A preliminary survey of 20
crumb rubber industry workers showed symptoms of
respiratory illness that 35% of workers complained of
cough, 20% had sputum in the respiratory tract and 25%
of workers experienced shortness of breath / wheezing.

Methodology

This research used descriptive study design, to calculate
exposure risk of inhalation dust with environmental health
risk analysis method to know the intake of individual
exposure per day based on concentration of concentration
agent, activity pattern and anthropometry. The research was
conducted from August to December 2016. The location of
this research in the production of PT XXX Crumb Rubber
Industry Palembang City, Research sample 156 workers
drawn from a population of 450 workers. The technique for
collecting the data used simple random sampling.. Crushed
rubber dust samples in the work environment were taken 25
points based on SNI 7230 in 2009. Collecting data of
respondent characteristics using questionnaires and weight
weighing the respondents. Measurement of inhaled dust level
in working environment using IOM Dust Sampler brand Cat
225-79A SKC with NMAM 0500 and dust

concentration analysis was done i laboratory of Balai

method,
Hyperkes Provinsi Sumatera Selatan using gravimetric
method. The dust gauge in the working environment is placed
at predetermined measurement points and the device is placed
as high as the worker’'s breathing zone for 8 hours.
Furthermore, the data of the research results is a health risk
analysis is a process of estimating the magnitude of health
problems and the resulting consequences at any given time.
The environmental health risks analysis consists of 4 (four)
stages. ie hazard identification, ie the process of recognizing
and knowing the type of hazard from a source.is.14 Response
dose analysis is the determination of toxicity \'a': of a risk
agent, exposure analysis, is a contact assessment to know the
amount of received risk agent intake and risk characteristics
is the probability of negative impact due to exposure to risk
Data  of inhaled dust

anthropometry were analyzed to obtain realtime and lifetime

agent.is levels and workers

exposure intake values using the following equations:

CH#RH#te# f#f D
I= -':':""""I*I:';.bﬁ!r(wﬁZ (D

I is the intake/intake (mg/kg/day), C is the
concentration of the risk ag@gt (mg/ms), R is the
mnhalation rate (ms/h), E 1s the time of exposure (hour/
.:ly), fE is the frequency of exposurefyear), Dt is the
duration of exposure (year), Wb is body weight (kg),
and tavg is the daily average period (30x365) days/year
for non-carcinogenic substances. Dt default, which is
30 years, R based on USEPA, R value is 20 ms/day for
70 kg weight. The anthropometry of Indonesian society
inhalation rate follows the equation y = 5.3In (x) -6.9
with v = R (ms/day) and x = Wb (kg).is. The reference
dose for inhaled dust is not vet available in the IRIS
list. Based on safe concentration I = Rfc and Rfc value
for inhalable dust used in this study as follows,7:

Rfe dust %‘% ..(2)
= 0,0442 mg/kg/day

Risk characteristic is an attempt to estimate an
adverse risk that can occur in humans due to risk agent
exposure. Risk characteristics are quantified risk
estimates of the probability of occurrence of health
risks based on hazard identification, effects analysis,
and exposure analysis. Risk characteristics can be
calculated by the equation belows:

I
RQ = Rfc atau Rfd = [3)
Health risk needs to be controlled if RQ> 1, if RQ

1 risks need not be controlled, but conditions must be
maintained to keep the RQ value not exceeding 1. Risk
management formulated at risk respondents (RQ> 1) by
calculating safe concentration, (safe tE) and annual

exposure frequency (fE safe).

wb # fave i R!C
Cnk (safe)= R#w#fi# Dt Y

wh # tavg # Rfc
tEnk (safe)= c# R# fi#f Dt s5:(9)
wh # tavg # Rfc
cHR#fi#m ...(6)

‘Wb # tavg # R!C
fEnk (safe)= c # R# fi # Dt (7

Dt nk (safe) =

Results and Discussion

Characteristic data of anthropometry, activity pattern
and concentration of crumb rubber dust production part of

PT XXX industrial crumb rubber can be seen in table 1.
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Table 1: Frequency Distribution by Dust Concentration Inhalable Activity Pattern, Anthropometry of
Production Workers PT XXX Crumb Rubber Industry Palembang City 2016.
Population Group at Risk n 156 Mean Median SD Min-Max
Age (yr) 33,53 32 6,04 22-47
Concentration (mg/m3) 1,60 215 0.6 0,.97-2.15
Exposure Time (hr/hr) 10,47 11,00 1.2 8-12
Exposure Frequency (hr/yr) 286.,6 293.0 152 171-293
Exposure Duration (vr) 12,0 11,0 6.4 2-26
Inhalation Rate / R (m3/hr) 0,61 0,61 0,43 0.51-0.83
Weight (Kg) 57,7 57.5 10,2 37-75

The average age of the workers in the production
section were 33.53 vears, the concentration of inhalable
dust resulted from the lowest personal measurement of
0.97 mg/ms with an average concentration of 1.60 mg ms
and maximum dust concentration in the production section
of 2.15 mg/ms. The concentration of dust obtained is still
below the dust threshold in the working environment of 10
mg/ms for inhalables. The exposure time was found to be
8-12 hours per day with a mean of 10.47 hours/day.
Frequency exposure per year 171 days the lowest and
highest 293 working days this condition is still below the
maximum limit of 365 days per years Inhalation rate
obtained average of 0.61 ms/ hour calculated using the
weight of Indonesian society of 55 1516 . The duration of
the exposure shows the length of the worker exposed at
work. The longer a person is exposed to the hazard it will
increase their risk for health problems due to the exposure
of the hazard. This study used the duration of realtime
exposure calculated based on the working life and 30
vears projection lifetime, this is because parameters
analyzed do not have carcinogenic risk to health. The
lifetime duration of exposure is differentiated by the type
of risk agent used, the risk agent having a carcinogenic
risk using a 70-year projection while the risk agent that
has no carcinogenic risk uses a 30-year projections. The
duration of exposure in realtime is calculated based on the
working period of workers working at PT. XXX, the
average duration of realtime exposure calculated based on
the mean cut of point value of 12 years. The duration is
high enough and potentially pose a health riskiz. A
person’s weight 1s inversely proportional to the intake risk
agent a person receivesis. The greater a person’s body
weight the smaller the internal dose received the smaller
the body weight the greater the internal dose received.
This is caused because a person with a large body weight
had more nutrients that can inhibit the absorption of a risk
agent so that the risk agent absorbed by the body is
smaller, the health risks that the consequences will be less

toois,

The exposure analysis was conducted based on two
categories namely realtime exposure and lifetime
exposure. Realtime exposure uses actual duration of
exposure (Dt), duration of respondent working or
activity in research location with vear unit. The amount
of inhalation rate (R) is based on the equation v = 5.3 In
(x) -6.9 with the provisions v = R (ms/day) and x Wb
(kg)ys . The calculation of dust intake area on workers
in production can seen in table 2.

Table 2: Intake Dust Personal Inhalable, Realtime
and Lifetime At Workers in Production Section PT

Crumb Rubber Industry, Palembang City

2016.
Intake DPI (mg/kg/day)
Exposure Group | C Min C Mean | C Maks
(0, 97) (1, 60) 2,15
Realtime
Drying Room 0.004 0.02 0.064
Non Drying Room | 0.0008 0..04 0.015
Lifetime
Drying Room 0.020 0.05 0.10
Non Drying Room | 0..09 0.01 0.046

Description : DPI (Dust Personal Inhalable)

C Min (Concentrasi Minimum), C Mean
(Concentrasi mean),

C Maks (Concentrasi Maksimum)

The above data shows that the exposure group in
the dryving room has an inhalable and respirable area
intake rate higher than the non-drying exposure group
for realtime and lifetime exposure. The size of the
foxicity of a risk agent with non-carcinogenic effects in
the environmental health risk assessment for inhalation
is expressed in Reference Concentrationise. The Rfc
value for inhalable dust used in this study refers to the
results of the study of 0.0442 mg/ms 17 . The value of the
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exposure intake of a risk agent is directly proportional
] the concentration of an agent, respiratory rate,
@:posure time. frequency of exposure, duration of
exposure and inversely proportional to body weight and
time averageis In line with the researchiz, the high TSP
intake received by respondents by: the concentration of
TSP received by the respondent exceeds the
environmental quality standard threshold. the duration
of the respondent’s exposure over 8 hours and the
duration of exposure for more than 30 yearsz.

The average value of realtime and lifetime risk
levels i production workers of PT XXX industral
crumb rubber for personal inhalable dust can be seen in
table 3.

Table 3: Frequency Distribution of Health Risks
Dust Exposure Inhalable, Realtime and Lifetime In
Workers in Production Section PT XXX Crumb
Rubber Industry Palembang City 2016.

RQ DAI
Exposure C Min C Mean C Maks
Group 0,97 (1,60 215
mg/ms) mg/ms) me/ms)
Realtime
Drying Room 0.091 0.452 1.448
Non Drying 0.018 0.091 0.339
Room
Lifetime
Drying Room 0.452 1.131 2262
Non Drying 0.204 0.226 1.041
Room

Description: DPI (Dust Personal Inhalable)

C Min (Concentrasi Minimum), C mean
(Concentrasi mean),

C Maks (Concentrasi Maksimum);mg/ms

Based on the result of data analysis showed that the
exposure group in the drying room has a RQ = 1 value at
the concentration of dust area inhaled maximum of 2.15
mg/kg/day for realtime exposure. Whereas in exposure of
lifetime RQ > 1 is found in exposure group of drying room
and non drying room. This condition illustrates that
workers working with concentrations of dust in the
working environment are 1.60 mg/kg/day and 2.15 mg/
kg/day. The concentration of dust when viewed from the
aspect of the threshold value is still below standard, but
from result of health risk analysis turns out worker

working in work environment already have value RQ> 1,
meaning that environment condition is not safe for
respiratory health of worker. The four equations above
have been calculated and obtained the numbers are safe
for workers. As at a maximum concentration of 2.15
mg/ms should be reduced dust concentration in the
maximum working environment of 1.03 mg/ms. The
maximum exposure time variable of 10 hours is reduced to
a maximum exposure time per day up to 5 hours. The
frequency variable of exposure per year is safe for workers
maximum of 138 days per year. While vaiabel duration of
safe dust exposure for workers max 7 years.

Conclusion

Dust inhaled in the working environment of the
production at PT. XXX Crumb Rubber Palembang City
ranges from 0.97 to 2.15 mg/ms and is still below the
Threshold Value (NAB). The results of the health risk
analysis (Risk Quotien = RQ) of dust exposure in the
working environment for lifetime exposure in both jet
room and non drying room have RQ > 1 (risky) and
realtime exposure only in drying room has RQ > 1
meaning worker working in environment drying rooms
have arisk to respiratory health.
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