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Abstract. Heavy metal contents in PM2.5 particulate dust poses potential risk to the health of human beings. 

This study aims to measure PM2.5 dust concentrations and characterize heavy metals bound in PM2.5 to 

estimate health risks in both children and adult groups. PM2.5 dust was measured in Bandung Regency in 

industrial land uses, located in the Dayeuhkolot sub-district. Measurement of PM2.5 concentrations using a 

Low Volume Air Sampler (LVAS) with PTFE filters. Sample was collected for 7 days x 24 hours. Heavy 

metals in PM2.5 dust were characterized using ED-XRF. Calculation of non-carcinogenic and carcinogenic 

health risks was only performed on metals classified as Hazardous Air Pollutants (HAPs). The average 

concentration of PM2.5 during the measurement period was 59,10±9,10 µg/m3, exceeding the daily ambient 

air quality standard based on PP No.22 of 2021 which is> 55µg/m3. The risk of non-carcinogenicity is 

expressed in Health Index (HI) values. The heavy metals considered in determining non-carcinogenic risk 

are As, Cd, Cr, Pb, Mn, Ni, Se, Fe, Zn, Si, and Sb as well as the crustal elements Si and Fe. Non-carcinogenic 

risk associated with exposure to heavy metals in PM2.5 showed HI<1 for both children and adults. This 

indicates that the exposure to heavy metals in PM2.5 around the Dayeuhkolot industrial area is at an 

acceptable risk level. HI value for heavy metal exposure for children was 0.34±0.17 and 0.42±0.28 for 

adults.  In estimating the carcinogenic risk value, elements taken into account include As, Cd, Cr, Ni and 

Pb. Carcinogenic risk in both children and adults showed ECR>10-6 of 4.5×10-5 and 2.1×10-4, respectively. 

This indicates that there is an unsafe health risk that can potentially cause carcinogenic effects in the 

population around the Dayeuhkolot industrial area The results of this study can be used as a reference 

database for establishing policies related to air quality in Bandung Regency.  

1 Introduction 

Recently, the increase in air pollution and its impact on 

humans and the environment has become a major 

concern around the world. [1]. PM2.5 is one of the main 

air pollutant parameters that are monitored 

continuously. PM2.5 dust is fine particles in the air with 

a size of 2.5 microns or smaller.  

PM2.5 dust can cause negative effects on human 

health, including respiratory tract disorders, infant 

health problems, circulatory disorders, and triggers for 

diabetes mellitus, and other chronic diseases. [2], [3]. 

Not only because of its size, which can cause health 

effects, but also because of PM2.5's ability to bind with 

various other toxic substances, such as heavy metals. 

Heavy metals bound to PM2.5 levels such as Cr, Cd, As, 

Pb, and Ni, pose a serious risk to human health due to 

their persistent, accumulative, and environmentally 

damaging nature even at low concentrations.  [4].  

Heavy metals can be emitted into the atmospheric 

environment through both natural and anthropogenic 

activities, one of which is industrial activity [5]. 

According to Y.Han (2021),  [6], 20,5 % of air pollution 
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is generated from industrial processes, which makes 

industrial activities one of the sources of air pollution.  

Based on data Dinas Lingkungan Hidup dan Dinas 

Perindustrian Kab. Bandung (2023), [7], there are 15 

large industries in the Dayeuhkolot sub-district. These 

industries are all engaged in the business of textile 

manufacturing processes, such as dyeing, spinning, 

knitting, weaving, and garments. The process of making 

textile materials generally utilizes heat energy. Heat 

energy is generated from the combustion process of 

fossil fuels. It is known that most of the large industries 

in the Bandung Regency area use coal as fuel [8]. Coal 

combustion is a possible contributor to PM2.5 emissions 

in the Dayeuhkolot sub-district area. Heavy metals such 

as As and Cr contained in PM2.5, are produced by coal 

burning, winter heating, and coal-dominated industrial 

emissions. In addition, metals such as Ni and V often 

share similar characteristics and are regarded as trace 

markers for heavy diesel burning in industrial emissions. 

Other than because of the large number of industries 

in the Dayeuhkolot sub-district, data from the Bandung 

Regency Health Profile for 2018-2020, there are three 

diseases with the most cases based on outpatient data at 
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the puskemas, namely non-acute respiratory tract 

infections (ISPA), acute nasopharynx, and hypertension. 

These three diseases can be caused and exacerbated by 

polluted air quality, especially PM2.5 dust and heavy 

metals in PM2.5. 

Based on these considerations, this study was 

conducted to carry out a more in-depth community-

based health risk analysis (HRA) and characterize heavy 

metals contained in PM2.5 dust in the industrial area of 

Bandung Regency, specifically in Dayeuhkolot district. 

A health risk analysis was conducted to estimate the 

health risks posed by air pollution in the industrial area 

of Dayeuhkolot District, Bandung Regency. The results 

of this study are expected to be a reference for 

stakeholders to conduct comprehensive air quality 

management. 

2 Methodology  

2.1  Determination of PM2.5 sampling locations  

The sampling location is located in Bandung Regency 

which is in Dayeuhkolot subdistrict. The sampling 

location was chosen based on the dominant wind 

direction in Bandung Regency. The data used is 

historical data one year prior to sampling, this data was 

obtained from the BMKG Monitoring Station of 

Bandung City. In addition, the determination of 

sampling locations also considers the location of 

industries, which is based on data of industrial emission 

reports from the West Java Provincial Environment 

Office. The data were then processed and mapped using 

Google Earth Pro software to determine the sampling 

locations.   The determination of this sampling location 

also refers to SNI 19-7119.6-2005 standard. 

Specifically, the sampling location is located in 

6º59’37”s 107º32’27”E. 

2.2 Determination of PM2.5 concentration and 
characterization of heavy metals in PM2.5 

Air sampling using Low Volume Air Sampler 
(LVAS) Sibata brand C-20 series, and the filter 
used is PTFE filter. Air sampling was collected 
for 7 days x 24 hours. This air sampling refers to 
the SNI 7119.14-2016 standard. Meteorological 
parameters including air temperature, air 
pressure, air humidity, wind speed, and wind 
direction were also measured. 

Gravimetric analysis was used to measure the 
mass of PM2.5 by weighing the PTFE filter before 
and after sampling.  The weighing difference is 
expressed as the mass of PM2.5. Then the 
concentration is calculated based on the 
difference between the mass compared to the 
volume of air taken during the sampling period 
which has been converted into standard 
conditions. This analysis was done at Air Quality 
Laboratory Teknik Lingkungan Institut Teknologi 
Bandung. After gravimetric analysis, the filter 
samples were characterized for heavy metals using 

the ED-XRF instrument. by PANalytical at PT 
Cipta Mikro Material. 

2.3 Community data collection 

Community data collection aims to calculate the 
health risks for populations who may be 
potentially exposed to heavy metals in PM2.5 dust 
at the sampling sites. Data collection is done by 
conducting interviews directly with respondents. 
The interview was carried out using a 
questionnaire to ask questions about age, gender, 
weight, height, residential history, history of 
health complaints, and activity patterns. The 
subjects of this study are people who meet the 
criteria, including having lived for at least 6 
months in the area around PM2.5 sampling, 
children aged 6-12 years, adults aged 25-55 years, 
and people who do not smoke. Data from these 
interviews are used to calculate exposure doses to 
calculate health risks. 

The number of respondents who became the 
subject of this study was determined based on the 
formula developed by Issac and Michael, the 
formula is as follows [9]: 

� =  �� × � × � × 	

� × �� − 1� + �� × � × 	 

(1) 

 Where S is the number of samples; λ2 Chi 
Square with degree of freedom 1 and significance 
5%; N is the total population; P is the probability 
of true (0.5); Q is the probability of false (0.5); d2 
the difference between the sample mean and the 
population mean (0.1). 

2.4 Health risk analysis (HRA) 

A health risk analysis was performed based on the 
determination of PM2.5 concentrations and heavy 
metals in PM2.5 dust. 

2.4.1 Exposure dose calculation 

The exposure doses of PM2.5 and heavy metals 
through the inhalation route were calculated using 
the following formula: 

������ =  � × � × �� × �� × ��
�� × ��� 

 
(2) 

C : agent concentration (mg/m3); R is inhalation 
rate (child : 0,5 m3/hours; Adult: 0,83 m3/hour); 
tE is time daily exposure (h/day), based on 
questionnaire; fe  exposure frequency (day/year); 
Dt is exposure duration (year); tavg time average 
fon non-carcinogenic: Dt year x 365 day/year 
Effect carcinogenic : 70 year x 365 day/year = 
25550 day. 
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2.4.2 Risk characterization 

The calculation of risk characteristics is divided 
into two, which are non-carcinogenic and 
carcinogenic. Non-carcinogenic risk expressed 
with the notation HQ or Health Qotient is 
calculated by comparing the intake value of each 
agent with the reference dose (RfD), the 
calculation is as follows: 

 

!	 =  "�����
�����ℎ�$��"%� (3) 

 
If the HQ value <1, it can be said that the risk 

is safe, and if the HQ value> 1, the risk level is 
said to be unsafe. 
To calculate the overall risk agent, the risk level 
is expressed by the Health Index (HI). HI is the 
aggregated value of the HQ value of each risk 
agent. If the HI value >1 then it is said to be 
unsafe. The formula is as follows: 

!	 =  & !� (4) 

The risk level for carcinogenic effects is expressed 
as an Excess Cancer Risk (ECR) notation which 
is the multiplication of the intake value with the 
cancer slope factor (CSF) value for each agent. 
To characterize the risk for carcinogenic effects, 
the following calculation is carried out: 
 

'�� = �(  × �)* (5) 

 
The risk level is acceptable or safe if ECR ≤ 10-6, 
and otherwise if ECR> 10-6 then the risk level is 
unsafe. 

3 Result and discussion 

3.1 PM2.5 concentration 

Table. 1 shows the results of PM2.5 measurements 
for 7x24 hours in the Dayeuhkolot industrial area. 
The average PM2.5 concentration during the 
measurement period was 59,10±9,10 µg m3. These 
concentrations exceed the ambient air quality 
standard regulated in PP No.22 of 2021, which is 
55 µg/m3. Based on PM2.5 concentration 
parameters and health effects set by the United 
States Environmental Protection Agency 
(USEPA), PM2.5 concentrations in the 
Dayeuhkolot industrial area are unhealthy [10]. 
However, to predict how much health risk due to 
PM2.5 exposure, it will be specifically done by 
calculating the health risk analysis, and focused 
only on the heavy metal content of PM2.5. High 
concentrations of PM2.5 in this area can be 
explained by research conducted by [11], that 
industrial areas are the largest contributor to 
PM2.5 concentrations in the air after residential 
and agricultural areas. 

Table 1. concentration of PM2.5 

Day of 
measurement 

Concentration 
µg/m3 

1 40,29 
2 61,88 
3 64,90 
4 61,00 
5 55,76 
6 67,98 
7 61,86 

Average 59,10 
Standard 
deviation 9,10 

 
Furthermore, PM2.5 concentrations in an area 

can be affected by meteorological conditions, 
therefore multiple regression tests were also 
performed to determine the relationship of 
concentrations with meteorological factors. The 
results showed the influence of temperature, 
humidity, rainfall, wind direction and wind speed 
variables had a 100% effect on PM2.5 
concentrations. It was found that temperature and 
air velocity are postively correlated with PM2.5 
concentration, which means that if temperature 
and velocity increase, PM2.5 concentration will 
increase. This result is similar to the results of 
research conducted by [12], which also found a 
positive correlation between temperature and 
PM2.5 concentration, possibly because the number 
of days of measurement was small so that 
statistically it could not show a strong 
relationship.  

This study was conducted during the wet 
season, where based on the humidity 
measurement results, the average humidity in this 
region reached 82%, or in high humidity 
conditions. Based on the results of the correlation 
analysis, humidity and rainfall are negatively 
correlated, which means that increasing humidity 
and rainfall will decrease PM2.5 concentrations. 
High levels of humidity can cause particulates in 
the ambient air to aggregate together, causing the 
particulates cannot remain in the air and fall to 
the ground, which decreases PM2.5 concentrations 
[13]. Meanwhile, rainfall can effectively remove 
particulate pollutants in the atmosphere through 
wet deposition mechanism [14]. 

3.2 Heavy metal characterization in PM2.5 dust 

Table.2 shows the results of heavy metal 
characterization in PM2.5. There are 17 kinds of 
elements identified in PM2.5 samples taken from 
Dayeuhkolot industrial area. Based on the 
concentrations of elements identified in PM2.5 
dust, it is known that Zn> Ti> Ag> S> Si> Fe> 
Mg> Ni> Sn> V> Sb> Cr> Pb> Hg> Cd> Se> 
As. 
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 Table 2. Heavy metals chararterization in PM2.5 

 

Eleme
nt 

Concentrati
on 

24-hour 
average 
quality 

standard* 

µg/m3 

Mg 0,524±0,67 120 

Si 0,851±0,42 5 

S 0,971±1,65 5 

Ti 39,113±6,14 120 

V 0,184±0,06 2 

Cr 
0,080±0,02 

0,0003
5 

Fe 0,547±0,41 5,00 

Ni 0,233±0,06 2 

Zn 
40,094±10,5

4 
120,00 

As 0,002±0,00 0,3-2,5 

Se 0,006±0,00 10 

Cd 0,020±0,01 0,025 

Sn 0,194±0,18 10 

Sb 0,156±0,03 25 

Hg 0,033±0,01 2 

Pb 0,067±0,06 2 

Ag 2,151±0,23 1 
*Source :Ontario Ministry of the Environment, (2020) 

 
 If compared with the quality standards set by 
the Ontario Ministry of the Environment 
Ambient Air Quality Criteria (OAQC) only the 
element chromium exceeds the quality standard. 
In line with research conducted by [16] and [5] 
who conducted similar studies, showing that Cr 
metal is one of the metals that has the highest 
concentration in PM2.5 dust. 

According to [17] Cr can be found along with 
Mn and Fe as the main chemical components 
forming industrial emission footprints. In 
addition, according to [16] and [17], Cr metal is 
also found with other elements in coal dust, such 
as S, As, Hg, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, 
As, Sr, Zr, Cd, Hg, and Pb. These elements are 
found abundantly in coal compared to average 
content of other crustal elements. This can be 
related to the characteristics of industries in the 
Dayeuhkolot Sub-district area, which are mostly 
engaged in textiles, such as dyeing, spinning, 
knitting, weaving, and garments. The textile 
manufacturing process generally utilizes heat 
energy. Heat energy is generated from the 
combustion of fossil fuels. It is known that most 
of the large industries in the Bandung Regency 
area use coal fuel [8]. 

Coal is one of the materials of the earth's crust, 
the footprint of coal combustion emissions can be 
characterized by other dominant elements in the 
ambient air of this region, such as Zn and Ti. 
Similar to the research conducted by [20], which 
also found Zn abundance in PM2.5 samples, this 

element can be predicted as a marker of fossil fuel 
combustion. In addition, it is known that Ti is the 
most dominant element in PM2.5, reaching 50% 
of the total elements characterized [20].  Based 
on [17] and [19], Ti elements can come from soil 
dust or earth crust elemet. Therefore, coal 
burning is a possible contributor to PM2.5 
emissions in the Dayeuhkolot District area. 
In addition, based on [22], the element Cr is one 
of the elements emitted by transportation 
activities both from motor vehicles and from road 
dust. Dayeuhkolot sub-district is a sub-district 
that has a high traffic density, this is also related 
to the high population density in this area. 
Population density affects environmental 
development and drives urban infrastructure 
development. Environmental development can 
increase community mobility patterns, as well as 
increase the frequency of transportation or traffic 
activities [23]. Therefore, it is estimated that the 
source of heavy metal emissions in ambient air in 
the Dayeuhkolot industrial area comes from 
transportation activities and also industrial 
emissions.  

3.3 Health Risk Analysis (HRA) of non-
carcinogenic heavy metal exposure 

Noncarcinogenic risk characterization results of 
heavy metals are an aggregation of HQ values of 
each element expressed as HI values. The 
elements that are calculated for HQ values are 
elements that are categorized as HAP's such as 
As, Cd, Cr, Pb, Mn, Ni, Se, Fe, Zn, Si, and Sb 
as well as elements of the earth's crust, namely Si 
and Fe. HI value is an average of 120 respondents. 
Table.3 shows the results of HQ and HI 
calculations. 

The results showed that the HI value <1 in 
both the children (0,34±0,17) and adult 
(0,42±0,28) groups. It can be interpreted that no 
non-carcinogenic health risks due to exposure to 
heavy metals in PM2.5 in the Dayeuhkolot area for 
both children and adults.  

If the risk associated with some similar 
research that has been done in industrial areas, 
such as in Thailand conducted by [24], in Iran 
conducted by [16], and in Indonesia at Cilegon 
city industrial estate  conducted by [12] which 
showed a value of HI>1 or there is a non-
carcinogenic health risk due to heavy metal 
exposure in the three industrial areas. This may 
be due to a number of samples not being 
representative of annual conditions. Furthermore, 
characteristics of industry types also influence the 
composition of airborne emissions. It is known 
that in this study the industrial area in Dayeuhkolt 
is dominated by the textile industry, in contrast to 
the characteristics of the type of industry in the 
Cilegon City industrial area which is dominated 
by the steel processing and petrochemical 
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industries. In addition, the amount of heavy 
metals taken into account in determining HI also 
determines the magnitude of the HI value. 

 
 

Table 3. HRA non-carcinogenic 

Element RfD 
HQ 

Child Adult 

As 1,2×10-4 1,4×10-3 1,1×10-3 

Cd 1,0×10-3 1,7×10-3 1,4×10-3 

Cr 2,8×10-5 2,6×10-1 2,1×10-1 

Pb 3,5×10-4 1,6×10-2 1,3×10-2 

Ni 2,1×10-2 9,7×10-4 8,0×10-4 

Se 5,0×10-3 1,0×10-4 8,5×10-5 

Fe 7,0×10-1 6,7×10-5 5,5×10-5 

Zn 3,0×10-1 1,1×10-2 9,4×10-3 

Si 5,0×10-3 1,5×10-2 1,2×10-2 

Sb 4,0×10-4 3,3×10-2 2,7×10-2 

HI  0,34 0,28 

Std. 
deviation 

 0,17 0,28 

 
The results of this risk estimate can also relate 

to the prevalence data of pneumonia, which was 
obtained from the Health Department of 
Bandung Regency in 2018. Pneumonia is one of 
the diseases that can be caused and exacerbated 
by air pollution[25]. Based on the data obtained, 
Dayeuhkolot Sub-district is one of the areas in 
Bandung Regency that has a low prevalence of 
pneumonia compared to other areas. The low 
prevalence of pneumonia in this area is in line 
with non-carcinogenic health risk estimates in 
this region as shown by the HI<1 value. 
Accordingly, this condition can represent the 
actual condition of public health in the 
Dayeuhkolot industrial area.Then to review 
factors that influence community health risks, a 
Chi-square bivariate analysis was conducted. .. 
Factors included in the analysis included age, 
gender, symptoms of health problems, 
smoking/passive smoking habits, distance of the 
house from the highway, and indoor pollution 
exposure, these data are collected from interviews. 
The results of this association analysis were 
divided into child and adult groups. 

According to the results of the bivariate chi-
square test for children and adults, the non-
carcinogenic risk of heavy metal exposure in 
children and adults is influenced by the 
respondents home distance to the highway (p = 
0.004). While other factors do not affect the risk 
of non-carcinogenic heavy metals. 

Distance from the house to the roadway is 
associated with the level of non-carcinogenic risk 
of exposure to heavy metals in PM2.5. This is in 

line with  [26], that emissions from industrial 
activities and motor vehicle emissions are 
considered one of the main sources of heavy 
metal contamination in the environment, 
especially in urban areas with high traffic flow. 
Heavy metals from road dust can be generated 
from automobile emissions, road scraping, tires, 
and brakes and can also be accumulated in road 
dust through precipitation in dry or wet 
atmospheres. Therefore, people who use who live 
near the roadway are potentially exposed to heavy 
metals through inhalation greater than those who 
live away from the roadway. 

3.4 Health Risk Analysis (HRA) of carcinogenic 
heavy metal exposure 

Heavy metals that are taken into account to 
determine carcinogenic risk are As, Cd, Cr, Pb 
and Ni. These metals are listed by the 
International Agency for Research on Cancer 
(IARC) as metals that can case carcinogenic 
effects.  

Tabel 4. shows the average aggregated ECR 
values of five heavy metals in a total of 120 
respondents, both children and adults. The results 
show ECR >10-6, children (4,5×10-5) and adults 
(2,1×10-4)  in study areas. This indicates that all 
respondents, both children and adults, in study 
area have a potentially unsafe health risk of 
carcinogenic health effects. 

 
Table 4. HRA carcinogenic 

 

Element SF 
ECR 

Child Adult 

As 0,0043 9,9×10-11 2,0×10-10 

Cd 6,3 1,5×10-6 3,0×10-6 

Cr 42 4,1×10-5 8,4×10-5 

Pb 0,00042 3,3×10-10 6,6×10-10 

Ni 0,84 2,3×10-6 4,6×10-6 

ECR  4,5×10-5 2,1×10-4 

 
ECR values of each metal Cr> Ni> Cd> Pb> 

As.  Chromium has the highest risk value and 
exceeds the acceptable level. Similar to the results 
of research conducted by [27] which also showed 
that the ECR of Cr metal exceeded the acceptable 
level. According to [6]  heavy metals such as As 
and Cr contained in PM2.5, are produced by coal 
burning, coal-dominated industrial emissions. 

Due to the long-term health risks (risk of 
carcinogenic disease) in the community in the 
Dayeuhkolot industrial area, it is necessary to 
continuously monitor air quality in this area by 
installing an air quality monitoring station. In 
addition, risk management measures need to be 
taken to reduce the risk of community health 
problems in this area. 
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4  Conclusion 

The average concentration of PM2.5 dust at 
Dyeuhkolot industrial area in Bandung Regency 
is 59.10±9.10 µg/ m3. Non carcinogenic risk 
associated with exposure to heavy metals in PM2.5 
showed HI<1 for both children and adults, that is  
0.34±0.17 for children and 0.42±0.28 for adults. 
It indicates that the exposure to heavy metals in 
PM2.5 around the Dayeuhkolot Industrial area is 
at an acceptable risk level. Carcinogenic risk in 
both children and adults showed ECR>10-6 , 
which is 4.5×10-5 and 2.1×10-4, respectively. This 
indicates that there is an unsafe health risk that 
can potentially cause carcinogenic effects in the 
population around the Dayeuhkolot industrial 
area. 
 
 
This research funded by Riset ITB 2022 Grant.   
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