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ABSTRACT Air pollution due to industrial activities is increasing worldwide, including in Indonesia. Particulate Matter
(PM) is one of the air pollutant parameters that can cause health problems, especially respiratory problems in communities
living at the weaving industrial area. The aimed of this study was to analyze the environmental health risk of human
exposure due to dust exposure in communities around the weaving industry center. This research was an observational study
using an environmental health risk analysis approach. Dust parameters were measured in as many as ten indoors and five
outdoors around the weaving industry. The dust parameters measured were PM 2.5, PM 10, and Total Solid Particulate (TSP)
concentration indoor and outdoor around the weaving industry areas. Dust measurements were carried out in the morning and
afternoon using an Aerocet. The average results of dust measurement indoor were PM 2.5 (0.182 mg/m3), PM 10 (0.443
mg/m3), TSP (0.556 mg/m3), while for outdoor PM 2.5 (0.185 mg/m3). PM 10 (0.381 mg/m3), TSP (0.419 mg/m3). The
average indoor of PM 2.5 intake was 0.013 mg/kg-day, PM10 (0.031 mg/kg-day), and TSP (0.038 mg/kg-day), and outdoor
were PM 2.5 (for adult 0.064 mg/kg-day, for children 0.014 mg/kg-day), PM10 (for adult 0.132 mg/kg-day and for children
0.292 mg/kg-day), TSP (for adult 0.146 mg/kg-day and for children 0.322 mg/kg-day). All of them were more than
Reference Concentration (RfC), and the Risk Quotient of PM10 and PM2.5 were more than 1. Exposure to PM10 and PM2.5
are unsafe or likely to result in non-carcinogenic effects on the residents in the next 30 years. The finding of this study is to
provide information the dust concentration in the environment, the Risk Quotient of dust exposure in the communities around
the weaving industry, and strategies for managing risks due to dust exposure in the traditional weaving industry center.
Therefore, it is necessary to conduct a risk management scenario.

INDEX TERMS Health Risk Assessment, Dust Exposure, Weaving Industry

I. INTRODUCTION
Air pollution due to industrial activities is increasing

(PM) is a mixture of solid particles found in the air
measuring less than 10 micrometers and less than 2.5

worldwide, including in Indonesia. Air pollution is the most
significant environmental risk factor [1]. Air pollution is one
of the risk factors for morbidity and mortality worldwide.
especially in developing countries [2]. Pollutants scattered in
the environment have toxic properties that can harm
organisms; one of these is dust. Dust is several small solid
particles with a diameter of fewer than 500 micrometers
which consist of a complex mixture of organic and inorganic-
organic matter suspended in the air [3]. Particulate Matter
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micrometers. and it is one of six parameters of pollutants that
have been established by National Ambient Air Quality
Standards (NAAQS) [4].

Air pollution is a problem that often occurs in big cities in
Indonesia. Climate change and decreasing air quality have
also been felt in Indonesia, mainly in big cities such as
Jakarta, Semarang, Bandung, Medan, and Surabaya.
including Palembang [5]. Particulate Matter is an air
pollutant emitted from both natural and anthropogenic
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sources. It can be inhaled and get deep into the respiratory
system and cause serious health problems in humans [6]. It is
a dangerous air pollutant of various sizes and can cause non-
communicable diseases globally [7].

Previous studies have shown that Particulate Matter was
related to several disease risk factors, including asthma, lung
cancer, heart disease, myocardial infarction, stroke, and
dementia, even as an important cause of morbidity and
mortality [8]. [9]. The study in China reported that short-term
exposure to PMI10 and PM2.5 concentrations were
significantly associated with asthma exacerbations in
children [10], and long-term exposure to PM10 caused
chronic obstructive pulmonary disease in Pisa. Italy [11]. In
addition, exposure to high PM10 concentrations can increase
the risk of allergies two times higher than exposure to low
PM10 concentrations in adults [12]. Dust exposure is also
related to respiratory complaints in the communities around
the cement industry [13] and people living around the
terminal [14]. Exposure to high concentrations of PM2.5 in
residential areas causes a mortality risk for heart failure
patients [15]. In the Netherlands, PM10 and PM 2.5
concentrations were related to all-cause and cause-specific
mortality [16]. A study in Xian China reported that there
were 7965 cases of death due to respiratory disorders; about
8.6% of deaths were associated with chronic lower
respiratory disease, Influenza, and pneumonia, as well as
other forms of respiratory disease, each associated with dust
exposure [17].

In the study conducted in Hefei, China, increased
concentrations of SO2, NO2, and PM10 were associated
with increased respiratory disease mortality [18]. The
concentration of PM2.5 indoors is also significantly
associated with obstructive pulmonary symptoms in
elementary school children in West Jakarta [19]. A prior
study reported that dust exposure was associated with lung
function capacity in people living on roadway, Semarang
[20]. In addition, dust exposure can cause respiratory tract
disorders of 64.3% in community at the Kairagi Satu
Village in Manado [21]. Exposure to high concentrations of
PM10 can cause a risk of respiratory problems of 41% in
the human at Lubuk Kilangan District in Indonesia [22].
Dust exposure is not only a risk to adults but also to
children [23].

Based on data in August 2019 that the average annual
PM2.5 and PM10 concentrations in Palembang were 42.7
g/m3 and 45.94 g/m3. respectively [5]. In addition, dust
measurements at Jakabaring Palembang terminal reported
the average Total Suspended Particulate (TSP) [14]. Air
pollution can cause respiratory disorders, including upper
respiratory tract infections. This condition follows
Indonesia's health profile data; in 2019, there were 154.573
cases of upper respiratory tract infections. and in 2020 there
were 154.546 cases [24]. The number of upper respiratory
tract infection cases is relatively high in South Sumatra
Province; in 2019, as many as 49.158 cases; in 2020, as
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many as 25.366 cases; in 2021. as many as 32.336 cases,
while in Palembang in 2020. it reached 11.261 cases [25].

One source of high dust concentrations is weaving
activities, both traditional and modern. A study conducted
at the textile industry Bogor, in Indonesia, found that the
Total Suspended Particulate in ring spinning. blowing &
carding exceeded the threshold limit value [26]. The study
conducted in Pakistan found that the median cotton dust
concentration was 0.6 mg/m3 in the weaving area [27].

Woven fabric is a traditional Indonesian woven cultural
art produced in various regions, including Palembang.
South Sumatera [28]. Palembang is one of the weaving-
producing cities centered in the Weaving Industry Center.
Tuan Kentang Village. The weaving industry area is located
in Tuan Kentang Village, Jakabaring District in Palembang.
close to the highway and very densely populated. In this
area, there are several workshops for the traditional
weaving process. This condition can cause dust exposure of
human who live around the weaving industrial area and the
weavers, so it is necessary to carry out dust measurements
and environmental health risk assessments to predict dust
exposure for the next few years.

Health risk assessment is necessary to prevent health
problems, including respiratory disorders. Although
guidelines for environmental health risk assessment have
existed worldwide, including in Indonesia. they have not
been implemented optimally [29]. [30]. In addition, data
related to environmental monitoring results are only limited
to the effects of research conducted by researchers and
academics.

This research contributes especially to the human living
around the weaving industry and owners of the weaving
industry to identify dust risk agents, the level of risk and
how to manage the risk of dust exposure in the weaving
industry center. Therefore, the purpose of this study was to
analyze the environmental health risk assessment of human
exposure due to dust exposure in communities around the
weaving industry center in Palembang.

Il. METHODS

This study is an analytic observational study with a cross
sectional design. The method used is an environmental health
risk analysis approach; there are four stages: identification of
risk agent, dose - response assessment, exposure assessment,
and risk characterization. This research was conducted at the
Tuan Kentang weaving industry center in Palembang from
November 2019 to January 2020.

The data collected in this study are dust parameters,
namely PM2.5, PM10, and Total Solid Particulate (TSP).
Dust parameters were measured in as many as ten samples
indoors and five outdoors around the weaving industry. The
dust parameters measured were PM2.5, PM10, and TSP. The
dust parameter was measured by BTKLPP Palembang
officers in the morning until the afternoon, using an Aerocet
531S Particle Mass Profiler & Counter (Met One
Instruments. Inc). The data were analyzed using the intake
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calculation formula, Risk Quotient and environmental health
risk management scenarios.

This research has obtained an ethical approval from
Poltekkes Kemenkes Palembang with a certificate number
010/KEPK/Adm2/VII1/2019.

lll. RESULTS

The study results are explained based on four steps of
environmental health risk analysis: identification of risk
agents, dose-response assessment, exposure assessment, and
risk characterization. The results of measuring PM 2.5, PM
10, and TSP concentration of the potential dose (intake), and
Risk Quotient (RQ) were described in the table below.

A. IDENTIFICATION OF RISK AGENTS
Dust concentration was measured indoors and outdoors on
three parameters, namely PM2.5, PM10, and TSP; the
measurement results are presented in TABLE 1 and TABLE
2 below:

TABLE 1

The Results of Indoors Dust Concentration Measurement (PM2.5, PM10,
TSP) in Weaving Industry Center (n=10)

Dust Concentrations (mg /m3)

Sampling
Area
PM 2.5 PM 10 TSP

Workshop 1 0.214 0.546 0.784
Workshop 2 0.2276 0.4988 0.5598
Workshop 3 0.1913 0.4954 0.684
Workshop 4 0.1607 0.4003 0.4968
Workshop 5 0.1442 0.3168 0.3689
Workshop 6 0.1565 0.4765 0.6431
Workshop 7 0.1486 0.3982 0.5041
Workshop 8 0.1897 0.4354 0.5114
Workshop 9 0.1897 0.4354 0.5114
Workshop 10 0.2018 0.4351 0.4967

0.182+0.028  0.443+0.064 0.556+0.11
Mean+SD 6 5 8

0.144-0.228  0.317-0.546 0.369-
Min-Max 0.784

Based on TABLE 1. the average of PM2.5. PM10, and TSP
concentrations in the weaving workshop were 0.182 mg/m3.
0.443 mg/m3. and 0.556 mg/m3, respectively. These three
parameters exceed the indoor air quality standard [31]. Based
on TABLE 2. the average of PM2.5, PMI10, TSP
concentrations were 0.185, 0.381, 0.419 mg/m3 the dust
exceed the ambient air quality standard. The concentrations
of PM10 and PM2.5 were exceed the quality standard and
pose a risk of causing public health problems, mainly
respiratory disorders.

B. DOSE-RESPON ASSESSMENT

The next step after the identification of risk agents is dose-
response assessment. The dose-response assessment
focused on three dust parameters: PM 2.5, PM 10, and TSP.
They were categorized as non-carcinogenic risk agents.
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Exposure to dust for a long time, both in public places and
environment work, can cause respiratory complaints.
Therefore, a dose-response assessment needs to be carried
out in the weaving industry area.

TABLE 2

The Results of Outdoors Dust Concentration Measurement (PM2.5,
PM10, TSP) around Weaving Industry Center (n=5)

Sampling Dust Concentration Outdoor (mg/m3)
Area PM 2.5 PM 10 TSP
in Front of

Workshop 1 0.2389 0.4405 0.4555
Workshop 2 0.1817 0.3856 0.436
Intersection

of

Workshop 3 0.1675 0.3628 0.4077
in Front of

Workshop 6 0.1374 0.2799 0.3024
in Front of

Workshop 8 0.2018 0.4351 0.4967

C. EXPOSURE ASSESSMENT
The next step is exposure assessment; several variables are
used. namely dust concentration. inhalation rate. time
exposure. frequency exposure. duration time. weight. and
time average. This exposure assessment aims to obtain the
value of the potential dose (intake).

The potential dose (intake) was calculated using the
formula below [32]:

CxRxtExfExDt
Wb x tavg

I= ()

The explanation of the equation (1) is as follows:
Intake (I) The potential dose of the agent
enters the body (mg/kg-day)

Dust parameters (PM2.5.
PM10. TSP) in air (mg/m3)

Concentration (C)

Rate (R) Average daily water
consumption (for adult = 0.83
m3/hour). children = 0.5
m3/hour)

Time of Exposure (tE) Exposure time daily for 24

hours for the residential area.

8 hours for work environment
Frequency of Exposure : Length of exposure daily for
(fE) 350 days/year. in the
workplace for 250 days/year
The duration of exposure to
non-carcinogenic substances is
30 years (years)
Average weight for asian (for
adult =55 kg. children=15 kg)

Duration time (Dt):

Weight (Wb):
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Time of average (tavg) the average exposure time to
non-carcinogenic substances is
30 years each day (30 years %

365 days/year)

The calculation intake of  indoor and outdoor dust
concentrations (PM2.5, PM10, and RSP) are presented in
TABLE 3 and TABLE 4:

TABLE 3
Potential Dose (Intake) of PM2.5, PM10, and TSP Concentration in
Traditional Weavers

PM 2.5 PM 10 TSP Reference
(mg/kg-  (mg/kg- Concentration
(125/ l;g' day) day) (RfC)

Y (mg/kg-day) [4]
0.015 0.038 0.054 PM 2.5=0.01
0.016 0.034 0.039 PM 10=0.014
0.013 0.034 0.047 TSP=2.42
0.011 0.028 0.034
0.010 0.022 0.025
0.011 0.033 0.044
0.010 0.027 0.035
0.013 0.030 0.035
0.013 0.030 0.035
0.014 0.030 0.034

Based on TABLE 3. The average intake of PM 2.5, PM10,
and TSP were 0.013 mg/m3, 0.031 mg/m3 and 0.038
mg/m3, respectively. The calculation results of PM2.5,
PM10, and TSP concentration of intake in traditional
weavers were less than RfC. The RfC of PM 2.5. PM 10.
and TSP concentrations using the National Ambient Air
Quality Standard (NAAQS) for Particulate Matter [4].

TABLE 4
Potential Dose (Intake) of PM 2.5 PM 10, and TSP Concentrations in
Communities Around Weaving Industry Center

Risk characterization is the last step of a health risk
assessment to determine a risk agent's Risk Quotient (RQ).
The Risk Quotient was calculated for traditional weavers
and people living in the weaving industrial area using the
formula below [32]:

RQ =+ &)

where R indicates rate in daily consumption, f indicates
frequency of exposure, and C indicates concentration. The
calculation of the Risk Quotient is presented in TABLE 5
and TABLE 6 below:

TABEL 5
Risk Quotient (RQ) of PM 2.5, PM10, and TSP Concentrations for
Traditional Weavers

RQ of Dust Concentration

PM 2.5 PM 10 TSP
1.475 2.687 0.022
1.568 2.455 0.016
1.318 2.438 0.019
1.107 1.970 0.014
0.994 1.559 0.011
1.078 2.345 0.018
1.024 1.960 0.014
1.307 2.143 0.015
1.307 2.143 0.015
1.391 2.142 0.014

According to TABLE 5, the average RQ of PM 2.5 and PM
10 were more than 1. It means that all weavers who work in
the weaving industrial area with a weight of 55 kg are at risk
of being in the weaving workshop with an inhalation rate of
0.83 m3/hour for 8 hours/day in 250 days/year for the next

30 years.

TABLE 6
Risk Quotient (RQ) of PM 2.5 PM10, and TSP Concentration Outdoors
in Communities Around Weaving Industry Center

RQ of Dust Concentration

PM 2.5 PM 10 TSP

PM 2.5 PM 10 TSP
(mg/kg-day) (mg/kg-day) (mg/kg- day)

Adult Adult

Children Children Children
0.0830 0.1833 0.1530 0.3379 0.1582 0.3494
0.0631 0.1394 0.1339 0.2958 0.1514 0.3345
0.0582 0.1285 0.1260 0.2783 0.1416 0.3128
0.0477 0.1054 0.0972 0.2147 0.1050 0.2320
0.0701 0.1548 0.1511 0.3338 0.1725 0.3810

Adult  cpigren AN cpigren AMMY Children

8.3 18.3 10.9 24.1 0.07 0.14
6.3 13.9 9.6 21.1 0.06 0.14
5.8 12.8 9.0 19.9 0.06 0.13
4.8 10.5 6.9 15.3 0.04 0.10
7.0 15.5 10.8 23.8 0.07 0.16

Based on TABLE 4. the average intake of PM2.5, PM10 and
TSP concentrations were found in adults at 0.064, .0132,
0.0146 mg/kg-day and in children 0.014, 0.292 and 0.322
mg/kg-day, respectively. Two of the three parameters
calculated for the intake dose exceed the RfC, namely PM2.5
and PM10 parameters.

D. RISK CHARACTERIZATION
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Based on TABLE 6, the average RQ > 1 of PM 2.5 and
PM10 concentrations, it means that was unsafe for adults
and children exposed to dust for the next 30 years.

E. RISK MANAGEMENT

The results of the calculation of RQ PM10 and PM2.5 are
more than 1. It is necessary to carry out a risk management
scenario using the formula below [32]:

Acceptable Dust Concentration (ADC):
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_ I xWbxtavg
ADC_thExfEth Q)
Acceptable Inhalation Rate (AIR):

AIR = I x Wb x tavg

T CxtExfExDt S
Acceptable Frequency Exposure (AFE):

I x Wb x tav
CxRXxtE x Dt

Acceptable Duration Time (ATE):
AFE = I x Wb x tavg
CxRXtEx fE

(6)

The risk management scenario is presented in the Table

7 below:
TABLE 7
Risk Management Scenario of PM 2.5, PM 10 for Adult, Children,
Traditional Weavers

Dust ADC AIR AFE ADT
Parameter (mg/m3) (m3/hour) (days/year) (years)
PM 2.5 for 0.184 0.83 349 23.9
Adult

PM25for 0,185 0.23 350 10.8
Children

PM 2.5 for

Traditional 0.189 0.72 216 6.9
Weavers

PM 10 for 0.380 1.71 349 20.6
Adult

PM10for — (38] 0.46 158 9.3
Children

PM 10 for

Traditional 0.450 1.71 212 28.8
Weavers

Based on TABLE 7, the risk management scenario is
carried out for PM 2.5 and PM 10 concentrations for RQ
more than 1. Therefore, there are several risk management
scenarios that are carried out, namely reducing the
concentration of PM 2.5 and PM 10, inhalation rate,
frequency of exposure, and duration of time.

IV. DISCUSSION

The study results showed that the PM2.5, PM10, and TSP
concentrations exceeded the quality standard values.
According to the study results in Bogor, the total dust
concentration measurement results in ring spinning is 188.6
mg/m3 and in blowing & carding were 379.4 mg/m3.
exceeding the threshold limit value [26]. The results of dust
measurements in textile industry obtained an average of
0.395 mg/m3 [33].

The results of outdoor dust measurements were found to
exceed the quality standard values. This study is in line to
study that reported PM 2.5 and PM10 concentration  at
Lenteng Agung in Jakarta were more than the quality
standard values, which was measured during the day and
evening; this is related to respiratory complaints [23]. The
study in Ambon showed that dust measurements result from
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3 measurements at the same point showed the highest
concentration during the day, while the lowest dust
concentration was measured in the afternoon [34]. The
study in Hanoi reported that the average dust
concentrations. including PM 2.5, PM 10, and indoor TSP
exceeded the quality standard values and outdoor dust
concentrations [35].

The dose-response assessment focused on three dust
parameters, namely PM 2.5, PM 10, and TSP. They were
categorized as non-carcinogenic risk agents. Exposure to
dust for a long time, both in public places and at the
workplace, can cause respiratory complaints. This study is
in line with a study in Jakarta that dust exposure is related
to respiratory complaints [23]. This study is in line with a
study in Jakarta that dust exposure is related to respiratory
complaints [36].

In addition, a study conducted in Northwest Ethiopia
reported a higher prevalence of respiratory symptoms in
workers exposed to cotton dust than in workers who were
not exposed, and there were more signs of respiratory tract
irritation [27]. Dust exposure was also related to lung
function disorders experienced by the traditional weaver in
the Goyor Sarong Industry, Pemalang Regency [27]. Dust
exposure was also related to lung function disorders
experienced by the traditional weaver in the Goyor Sarong
Industry, Pemalang Regency [37]. Dust exposure
continuously in the spinning section of the Karanganyar
Solo textile industry also causes lung function disorders
[33]; in Bogor causes Acute Respiratory Infection (ARI)
symptoms as many as 57.4% mild [26].

The calculation of the RQ of the three parameters found
that PM2.5 and PM10 were more than 1. This study was not
following the results of studies in Ambon City; the RQ of
all air pollutant parameters is less than one or is not at risk
for the next 30 years [34]. This study was similar to the
results of research conducted in the terminal area close to
schools with RQ> 1. and it is not safe for children who are
in that school [38]. The study in Bone also is in line with
this study; the RQ of TSP agents for adults is less than one.
and it is not risky for adult populations for the next 30 years
[39]. A Study in Maros. Indonesia. reported that the
ecological risk value of PM2.5 concentration inhaled
through the air or dermally through the skin in school
children reported more than 1 [40]. In a similar study
conducted in Iran. the hazard quotient (HQ) for PM2.5 and
PM10 were calculated in the range of 0.82-18.4 and 0.16-
3.28. respectively. which corresponds to an unacceptably
high risk for human health [41].

The study results show that the RQ of PM2.5 and PM10
indoor and outdoor is more than 1. Therefore. it is
necessary to implement an appropriate control strategy for
this public health threat through risk management. Several
risk management scenarios are carried out. namely reducing
the concentration of PM 2.5 and PM 10. inhalation rate.
frequency of exposure. and duration of time. This study is
following research in Iran to reduce the adverse health
effects of PM. namely by reducing dust exposure.
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especially vulnerable people such as people with chronic
lung and heart diseases. the elderly. and children during
dusty days [42].

Air quality modelling for ambient health risk
assessment PM10, PM2.5, and SO2 have been carried out
in Iran to reduce the health effects of exposure to PM [43].
In Romania, risk management of dust exposure through
implementing further mitigation measures to reduce health
risks, especially in the case of sensitive population
groups[44].

This study provides information to manage
environmental health risks due to exposure to dust in the
weaving industrial area. The research conducted by
previous researchers only provided an overview of dust
concentrations, calculated intake, and RQ with different
locations from this study.

The limitations of this study are the airborne dust
concentration was measured for one season, namely in
summer, and an examination of health effects related to
lung function did not conduct. The implication of this study
was to provide the overview of indoor and outdoor dust
concentrations, the intake and the Risk Quotient value are
known to predict the risk of dust exposure for the next 30
years. Therefore, these findings are a step to anticipating
respiratory diseases due to dust exposure as early as
possible, and a strategy for managing risks due to dust
exposure to the community and traditional weavers.

V. CONCLUSION

Exposure to PM10 and PM2.5 is not safe or is likely to result
in non-carcinogenic effects on communities around the
weaving industry for the next 30 years. The finding of this
study is to provide information the dust concentration in the
environment, the Risk Quotient of dust exposure in the
communities around the weaving industry, and strategies for
managing risks due to dust exposure in the traditional
weaving industry center.

Therefore, it is necessary to carry out risk management to
adopt suitable controlling strategies for this public health
threat in the weaving industry. For further researchers, it is
necessary to carry out health examination related to
pulmonary function disorders in the community, especially
for weavers at the center of the traditional weaving industry.
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