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 Comunities surrounding nickel smelters may be exposed to particulate 
emissions, yet evidence from Indonesia remains limited, particularly 
studies integrating measured PM₁₀ and PM₂.₅ concentrations with 
individual exposure characteristics. This study estimated non-
carcinogenic inhalation risks among residents of Borongloe Village, 
which was selected because its settlements are located close to a nickel 
smelter industrial area in Bantaeng Regency. A descriptive study using 
Environmental Health Risk Assessment (EHRA) included 40 adult 
residents, with 10 representing the area surrounding each of four 
sampling points. Ambient concentrations were measured gravimetrically 
using a high-volume air sampler. EHRA integrated the measured 
concentrations with individual exposure time, frequency, duration, and 
body weight to estimate inhalation intake and risk quotients (RQs). 
Mean concentrations were 30.65 µg/m³ for PM₁₀ and 11.57 µg/m³ for 
PM₂.₅. The corresponding mean RQs were 0.0546 and 0.0287, while the 
maximum RQs were 0.2035 and 0.1169. All RQs were below one, 
although residents exposed for more than four hours per day had the 
highest estimates. Because measurements lasted only 90–120 minutes 
and the smelter was not operating at full capacity, these values indicate 
no appreciable non-carcinogenic risk only under the observed exposure 
scenario and do not demonstrate long-term safety. The results provide a 
practical basis for prioritizing air-quality monitoring, emission control, 
risk communication, and protection of residents with longer outdoor 
exposure. By integrating environmental measurements with individual 
exposure parameters, this study provides a site-specific baseline EHRA 
for an understudied community near an Indonesian nickel smelter. 
Repeated 24-hour and long-term monitoring during normal operations 
is required to determine risks under representative operating conditions. 
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1. INTRODUCTION  
Ambient air pollution remains one of the leading environmental threats to public health. The World 
Health Organization estimated that outdoor air pollution caused approximately 4.2 million 
premature deaths worldwide in 2019, with most of the burden occurring in low and middle income 
countries (World Health Organization, 2024). Particulate matter is one of the most widely used 
indicators of air pollution because of its established effects on respiratory and cardiovascular health. 
PM₁₀ consists of inhalable particles with an aerodynamic diameter of 10 µm or less, while PM₂.₅ 
consists of finer particles with a diameter of 2.5 µm or less. PM₁₀ can penetrate the lower respiratory 
tract, whereas PM₂.₅ can reach the alveolar region and enter the bloodstream. Short and long-term 
exposure to these pollutants has been associated with respiratory infections, impaired lung function, 
asthma exacerbation, chronic obstructive pulmonary disease, cardiovascular disease, lung cancer, 
and premature mortality (World Health Organization, 2021, 2024). 

Industrial activities are important sources of particulate pollution, particularly when 
production involves high temperature combustion, solid fuel use, and the handling of mineral 
materials. Nickel processing through the rotary kiln electric furnace method involves ore drying, 
calcination, reduction, smelting, material transfer, and energi intensive operations (Keskinkilic, 2019; 
Wang et al., 2023). These processes can release coarse and fine particulate matter through stacks, 
fugitive dust, fuel combustion, and material handling activities. Particulate characterization at a 
nickel smelter has demonstrated that dust emissions may originate from multiple stages of the 
production process, highlighting the importance of continuous monitoring to protect workers and 
surrounding communities (Kelvin et al., 2022). A life cycle assessment of nickel production also 
identified primary nickel extraction as an important contributor to PM₂.₅ and PM₁₀ emissions, 
particularly when energy and processing systems remain dependent on fossil fuels (Golroudbary et 
al., 2022). 

The rapid development of nickel processing industries in Indonesia has increased the need 
for environmental health protection in communities located near industrial areas (M. G. Y. Lo et al., 
2024; Nasution et al., 2024). The Government of Indonesia regulates ambient PM₁₀ and PM₂.₅ 
concentrations through Government Regulation Number 22 of 2021 concerning environmental 
protection and management. However, compliance with ambient air quality standards alone does 
not fully describe the health risks experienced by a population (Goshua et al., 2022; Hoffmann et al., 
2021). Measured concentrations must be interpreted according to their averaging periods, while the 
amount inhaled by individuals is also influenced by inhalation rate, body weight, daily exposure 
time, exposure frequency, and duration of residence. Therefore, population specific exposure 
assessment is required to complement environmental monitoring. 

The nickel smelter industrial area in Pajukukang District, Bantaeng Regency, is located close 
to residential settlements, including Borongloe Village. Residents may experience particulate 
exposure during daily activities around their homes, although exposure levels can vary according to 
industrial operations, local activities, and meteorological conditions (Alhajeri et al., 2024; Maung et 
al., 2022). Respiratory infections have also remained among the commonly reported health problems 
in Bantaeng Regency during recent years. Nevertheless, these health records cannot establish that 
industrial particulate exposure is the cause of respiratory illness because respiratory outcomes may 
be influenced by various environmental, behavioral, and individual factors (Vardoulakis et al., 2020; 
Zhang et al., 2021). Direct measurement and systematic exposure assessment are therefore needed to 
provide an objective estimate of the potential health risks faced by nearby residents. 

The use of Environmental Health Risk Assessment is urgent in this setting because 
particulate concentrations alone cannot describe the dose received by residents or the resulting level 
of health concern. Individual intake is also influenced by body weight, daily exposure time, exposure 
frequency, and duration of residence. EHRA integrates these parameters through hazard 
identification, dose-response assessment, exposure assessment, and risk characterization, allowing 
measured concentrations to be translated into individual intake and risk quotients. This approach is 
particularly important around nickel smelters because emissions may vary according to production 
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intensity, fuel use, meteorological conditions, and emission-control performance. An RQ above one 
indicates that the estimated intake exceeds the reference value and requires risk-management 
attention, whereas an RQ at or below one indicates no appreciable non-carcinogenic risk only under 
the evaluated assumptions and exposure scenario (Kemenkes, 2012; Republic of Indonesia 
Government, 2021). Thus, EHRA complements ambient monitoring by providing a population 
specific basis for preventive management and risk communication. 

Previous studies have several limitations in addressing community risks surrounding 
Indonesian nickel smelters. Indonesian Environmental Health Risk Assessment studies have 
primarily examined cement industries, concrete-industry workers, or residential areas affected by 
other pollution sources (Abidin et al., 2025; Fikri et al., 2025; Taha et al., 2025). These exposure 
settings differ from nickel smelters in production technology, emission characteristics, particulate 
composition, settlement patterns, and population activity. Meanwhile, studies of nickel smelter 
particulate matter have mainly characterized emissions from production processes rather than 
integrating ambient PM₁₀ and PM₂.₅ measurements with resident specific exposure parameters 
(Kelvin et al., 2022). Consequently, evidence remains limited regarding how particulate 
concentrations around Indonesian nickel smelters translate into inhaled doses and non-carcinogenic 
risks among nearby communities. This gap limits the development of site specific monitoring, risk 
communication, and preventive environmental health policies. 

Accordingly, this study aimed to analyze the environmental health risks associated with 
inhalation exposure to PM₁₀ and PM₂.₅ among residents living around a nickel smelter industrial area 
in Bantaeng Regency. Specifically, the study measured ambient particulate concentrations at four 
residential sampling points, estimated inhalation intake using individual exposure characteristics, 
and characterized non carcinogenic risks under average and maximum exposure scenarios. The 
findings are expected to provide a baseline for periodic air quality monitoring, risk communication, 
and preventive environmental health management in communities surrounding the industrial area. 

2. RESEARCH METHOD  
Study Design and Setting  

This study used a descriptive quantitative design (Siregar et al., 2022) with an Environmental 
Health Risk Assessment approach to estimate non carcinogenic risks associated with inhalation 
exposure to PM₁₀ and PM₂.₅. The assessment followed four stages: hazard identification, dose 
response assessment, exposure assessment, and risk characterization (Kemenkes, 2012). The study 
was conducted in residential areas of Borongloe Village, Pajukukang District, Bantaeng Regency, 
Indonesia, located near a nickel smelter industrial area. Field data were collected in December 2025. 
Ambient air sampling was conducted on December 17, 2025. 

Study participants 
The study included 40 adult residents, comprising 10 eligible participants from the 

residential area surrounding each of the four sampling points. This balanced allocation was used to 
obtain individual exposure information for every monitored area and to link participants’ body 
weight and activity patterns with the particulate concentration measured at the corresponding point. 
Because the study aimed to conduct a descriptive, site specific EHRA rather than estimate population 
prevalence or test statistical associations, the sample was not determined through an inferential 
power calculation. Therefore, the participants represented the exposure scenarios surrounding the 
four monitoring points but should not be considered a probability based representation of all 
residents in Bantaeng Regency. 

Participant characteristics and exposure patterns were collected using a structured 
questionnaire. The information included age, sex, duration of residence, average time spent outdoors 
each day, and the number of days per week spent undertaking activities around the residential 
environment. Body weight was measured directly using a calibrated weighing scale. Weekly exposure 
frequency was converted into days per year by multiplying the reported number of exposed days per 
week by 52 weeks. 
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Ambient particulate matter measurement 
Ambient PM₁₀ and PM₂.₅ concentrations were measured at four sampling points selected 

according to their proximity to the industrial area and the distribution of surrounding settlements. 
The approximate distance between sampling points was 200 m. Sampling locations were determined 
with reference to SNI 19-7119.6-2005 concerning the selection of ambient air quality monitoring 
locations. Air samples were collected sequentially using a High Volume Air Sampler and analyzed 
gravimetrically by an accredited environmental laboratory. PM₁₀ measurement followed SNI 
7119.15:2016, while PM₂.₅ measurement followed SNI 7119.14:2016. Sampling was conducted between 
08:30 and 17:10 Central Indonesian Time. Measurements lasted 120 minutes at Points 1, 3, and 4 and 
90 minutes at Point 2. Temperature, relative humidity, wind speed, wind direction, and weather 
conditions were recorded during sampling using a thermohygrometer and anemometer. 

The particulate concentrations were expressed in µg/m³ and converted into mg/m³ for the 
exposure calculations. Each participant was assigned the PM₁₀ and PM₂.₅ concentration measured at 
the sampling point representing the participant’s residential area. Because the measurements lasted 
only 90–120 minutes, they were treated as short-duration measurements representing conditions 
during the sampling period. They were not considered equivalent to the 24 hour or annual averaging 
periods specified in Indonesia’s ambient air quality standards under Government Regulation Number 
22 of 2021 (Republic of Indonesia Government, 2021). 

Dose response assessment and risk characterization 
Pollutant specific inhalation reference concentrations for undifferentiated PM₁₀ and PM₂.₅ 

are not available in the United States Environmental Protection Agency’s Integrated Risk 
Information System. Therefore, this study adopted dose equivalent reference values commonly 
applied in Indonesian Environmental Health Risk Assessment studies: 0.014 mg/kg/day for PM₁₀ and 
0.010 mg/kg/day for PM₂.₅ (Gusti et al., 2018; Novirsa & Achmadi, 2012). These values were selected 
because they are expressed in units consistent with the calculated inhalation intake, allowing the risk 
quotient to be determined by dividing intake by the corresponding reference value. An RQ above one 
indicates that estimated intake exceeds the reference level, whereas an RQ at or below one indicates 
no appreciable non-carcinogenic risk under the evaluated assumptions (Kemenkes, 2012). These 
reference values are intended for risk characterization and should not be interpreted as ambient air 
quality standards or definitive thresholds below which health effects cannot occur. 

Data Analysis 
Data were processed using Microsoft Excel and analyzed descriptively. Categorical variables 

were summarized as frequencies and percentages. Continuous variables were presented as means 
and standard deviations or medians and ranges, according to their distributions. PM₁₀ and PM₂.₅ 
concentrations, participant specific intake values, and risk quotients were summarized using 
minimum, maximum, and average values. No inferential statistical tests were used to establish 
associations or causal relationships between particulate exposure and health outcomes. 

3. RESULTS AND DISCUSSIONS  
The study involved 40 adult residents, with 10 participants representing the residential area around 
each sampling point. Table 1 showed that most participants were women (77.5%), and the largest age 
group was 31–45 years (42.5%). Three quarters of the participants had lived in the study area for more 
than 10 years. The participants had a mean age of 42.7 years and a mean body weight of 58.0 kg. The 
median daily outdoor exposure time was 2 hours, while the median exposure frequency was 208 days 
per year. 

Table 1. Characteristics of the study participants 

Characteristic Category/statistic n (%) or value 

Sex 
 

Male 9 (22.5) 
Female 31 (77.5) 

Age group 
 

18–30 years 6 (15.0) 
31–45 years 17 (42.5) 
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Characteristic Category/statistic n (%) or value 

 
 

46–60 years 14 (35.0) 
>60 years 3 (7.5) 

Duration of residence 
 

<5 years 2 (5.0) 
6–10 years 8 (20.0) 

 
Age 

>10 years 30 (75.0) 
Mean ± SD, years 42.7 ± 12.3 

Body weight 
Daily outdoor exposure 

Mean ± SD, kg 58.0 ± 5.3 
Median (range), hours/day 2 (1–8) 

Exposure frequency Median (range), days/year 208 (104–364) 

 
The predominance of long term residents indicates that the participants represented a 

relatively stable population around the industrial area. However, duration of residence should not be 
interpreted as equivalent to duration of exposure to emissions from the nickel smelter because 
industrial activity may have changed over time. Similarly, the demographic distribution was used to 
characterize the exposed population rather than to test whether sex or age was independently 
associated with particulate exposure or health risk. 

Daily outdoor exposure time and annual exposure frequency varied considerably among 
participants. These variations are important in Environmental Health Risk Assessment because 
estimated intake is influenced not only by ambient concentration but also by the amount of time an 
individual spends in the exposed environment. Consequently, residents living in the same area may 
have different intake and RQ values even when assigned the same ambient particulate concentration. 

Ambient PM₁₀ and PM₂.₅ concentrations and risk estimates 
PM₁₀ concentrations ranged from 26.51 to 38.52 µg/m³, with an average of 30.65 µg/m³. The 

highest PM₁₀ concentration was recorded at Point 1, while the lowest was recorded at Point 2. PM₂.₅ 
concentrations ranged from 10.98 to 12.36 µg/m³, with an average of 11.57 µg/m³. The highest PM₂.₅ 
concentration occurred at Point 3, whereas the lowest was measured at Point 2 (Table 2). 

Table 2. Ambient concentrations, inhalation intake, and risk quotients by sampling point 

Sampling point 
PM₁₀ concentration 

(µg/m³) 
PM₁₀ intake 
(mg/kg/day) 

PM₁₀ 
RQ 

PM₂.₅ concentration 
(µg/m³) 

PM₂.₅ intake 
(mg/kg/day) 

PM₂.₅ 
RQ 

Point 1 38.52 0.0010 0.0710 11.24 0.0003 0.0290 

Point 2 26.51 0.0007 0.0507 10.98 0.0003 0.0294 

Point 3 30.12 0.0009 0.0614 12.36 0.0004 0.0353 

Point 4 27.45 0.0005 0.0353 11.69 0.0002 0.0211 

Overall average 30.65 0.0008 0.0546 11.57 0.0003 0.0287 

Note: Intake and RQ values for each point represent the average of 10 participants. RQ was calculated using reference values of 
0.014 mg/kg/day for PM₁₀ and 0.010 mg/kg/day for PM₂.₅. 

 

Differences between the sampling points were observed for both particulate fractions. PM₁₀ 
was highest at Point 1, whereas PM₂.₅ was highest at Point 3. These differences may reflect the 
combined influence of proximity to local emission sources, material handling activities, wind 
conditions, and measurement time. Because sampling was conducted sequentially at different 
locations during a single day, the study could not separate spatial differences from temporal and 
meteorological variations. Therefore, the results should not be interpreted as a permanent ranking of 
air quality among the four locations. 

The recorded concentrations were numerically lower than Indonesia’s 24-hour ambient 
standards of 75 µg/m³ for PM₁₀ and 55 µg/m³ for PM₂.₅ under Government Regulation Number 22 of 
2021. However, the measurements lasted only 90–120 minutes and therefore cannot be used to 
establish regulatory compliance with 24-hour or annual standards. The WHO air quality guideline 
values are also defined using specific 24-hour and annual averaging periods (World Health 
Organization, 2021). Accordingly, the present concentrations represent short duration conditions 
during the field measurement and should not be interpreted as daily or long term average exposure. 
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The average intake was 0.0008 mg/kg/day for PM₁₀ and 0.0003 mg/kg/day for PM₂.₅. The 
corresponding average RQ values were 0.0546 and 0.0287, respectively. The maximum observed 
participant specific intake was 0.0028 mg/kg/day for PM₁₀ and 0.0012 mg/kg/day for PM₂.₅, 
producing maximum observed RQ values of 0.2035 and 0.1169. All calculated RQ values were below 
one, indicating that the estimated intake did not exceed the reference values under the exposure 
conditions evaluated in this study. 

All RQ values were below one because the calculated intakes remained substantially lower 
than the adopted reference values. The maximum intake was 0.0028 mg/kg/day for PM₁₀ and 0.0012 
mg/kg/day for PM₂.₅, compared with reference values of 0.014 and 0.010 mg/kg/day, respectively. 
These estimates were influenced by the relatively low particulate concentrations measured during 
sampling, the median outdoor exposure time of 2 hours per day, the median exposure frequency of 
208 days per year, and the mean body weight of 58.0 kg. Most smelter units were inactive during 
sampling, while the remaining active unit was experiencing an operational disruption, which may 
have reduced emissions compared with normal or peak production. Meteorological dispersion and 
contributions from non industrial sources may also have affected the measured concentrations. 
Therefore, proximity to the smelter did not automatically produce an RQ above one because risk was 
determined by the combined effects of concentration and individual exposure parameters. The 
findings indicate no appreciable risk only under the observed reduced activity scenario and may 
underestimate exposure during normal operations. They should not be interpreted as evidence of 
long term safety or regulatory compliance. 

These estimates were lower than those reported in several Indonesian industrial and 
residential settings. Abidin et al. (2025) recorded residential PM₂.₅ concentrations of 50.7–61.9 µg/m³ 
in Bantul Regency and reported RQ values above one. Among concrete-industry workers, Fikri et al. 
(2025) found average concentrations of 71.25 µg/m³ for PM₂.₅ and 217.25 µg/m³ for PM₁₀, with a 
maximum RQ of 2.08. The differences from the present study are likely related to substantially 
higher pollutant concentrations, occupational exposure patterns, and longer time spent in 
contaminated work environments. 

The relatively low risk estimates in the present study should also be interpreted in relation to 
field conditions. During sampling, most smelter units were reportedly not operating, while the active 
production unit was experiencing an operational disruption. The measured concentrations and 
calculated RQ values therefore provide a baseline estimate for a period of reduced industrial activity 
and cannot be generalized to full production conditions. Previous research has demonstrated that 
particulate emissions from nickel smelting activities may vary according to production stage, 
operational intensity, fuel use, and emission control performance (Kelvin et al., 2022). 

An RQ below one does not mean that the air is completely free from health hazards. It only 
indicates that the estimated dose was below the reference value used in the calculation. WHO has 
reported that adverse health effects can occur at particulate concentrations lower than previously 
recognized, particularly after repeated or long term exposure (World Health Organization, 2021). 
Furthermore, the present assessment was based on particulate mass and did not determine chemical 
or metal composition. Nickel smelter particles may contain mineral and metal components with 
different toxicological properties; therefore, equal mass concentrations do not necessarily indicate 
equal health hazards (Kelvin et al., 2022). 

Variation in risk quotient according to daily exposure time 
The RQ values increased across the daily exposure time categories for both particulate 

fractions. Participants exposed for less than 2 hours per day had the lowest average RQ values. The 
highest averages were observed among participants exposed for more than 4 hours per day, reaching 
0.1401 for PM₁₀ and 0.0758 for PM₂.₅. 

Although all calculated RQ values were below one, this finding should be interpreted as 
indicating no appreciable non carcinogenic risk under the exposure assumptions applied in this 
study, rather than the complete absence of health effects. The mining and processing of critical 
minerals in Indonesia may release pollutants into the air and contribute to adverse human health 
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impacts, particularly when industrial activities depend heavily on fuel combustion and electricity 
generation (Wahyono et al., 2024). Airborne particles originating from mining and mineral 
processing activities may also contain metals whose toxicity cannot be adequately represented by 
particulate mass concentration alone (Kasongo et al., 2024). Moreover, a nationwide cohort study 
demonstrated that long-term exposure to PM₂.₅ was associated with cardiopulmonary diseases and 
lung cancer (W. C. Lo et al., 2022), while a recent systematic review found that ambient PM₂.₅ 
exposure may increase the incidence of asthma among adults (Lee et al., 2024). Evidence from low 
and middle income countries further indicates that prolonged exposure to both PM₂.₅ and PM₁₀ is 
associated with increased cardiovascular and respiratory morbidity and mortality (Guo et al., 2023). 
Therefore, the current RQ values should be regarded as a baseline risk estimate. Repeated 
measurements across different seasons, meteorological conditions, and levels of smelter production, 
accompanied by an analysis of the metal composition of particulate matter, are required to provide a 
more comprehensive assessment of long-term community health risks. 

Table 3. Risk quotients according to daily exposure time 

Daily exposure time n Mean PM₁₀ RQ Maximum PM₁₀ RQ Mean PM₂.₅ RQ Maximum PM₂.₅ RQ 

<2 hours/day 7 0.0135 0.0231 0.0079 0.0133 

2–4 hours/day 27 0.0463 0.1122 0.0236 0.0585 

>4 hours/day 6 0.1401 0.2035 0.0758 0.1169 

 
In the table 3 show the higher RQ values among participants with longer daily exposure are 

consistent with the structure of the intake equation, in which exposure time is included directly in 
the numerator. Thus, this pattern should not be interpreted as an independently tested association 
or causal effect. Rather, it demonstrates how individual activity patterns modify estimated dose when 
ambient concentration and other exposure parameters are considered. Similar Environmental Health 
Risk Assessment studies have shown that daily exposure time, exposure frequency, body weight, and 
pollutant concentration contribute jointly to variation in intake and risk estimates (Novirsa & 
Achmadi, 2012; Taha et al., 2025). 

Although none of the exposure time groups had an average or maximum RQ exceeding one, 
participants who spent more than 4 hours per day outdoors had approximately ten times the average 
PM₁₀ RQ and PM₂.₅ RQ of those exposed for less than 2 hours. This finding identifies residents with 
longer outdoor activity as a priority group for risk communication and preventive measures, 
particularly when industrial production increases or visible dust episodes occur. Preventive actions 
may include access to timely air-quality information, reducing non-essential outdoor activity during 
high emission periods, and appropriate respiratory protection when particulate concentrations 
increase. 

Environmental health implications and study limitations 
The findings support the need for continued environmental management even though all 

calculated RQ values were below one. Monitoring should be repeated when the smelter is operating 
at normal capacity and should use measurement periods consistent with national 24-hour standards. 
Monitoring at different seasons and times of day, combined with upwind and downwind sampling, 
would provide a more representative description of particulate dispersion. Source level measures 
should include routine maintenance of bag filters and scrubbers, control of fugitive dust from 
material handling and transport, and evaluation of stack emissions. Continued monitoring of 
particulate sources is important for reducing environmental impacts on workers and surrounding 
communities (Kelvin et al., 2022). 

The operating condition of the smelter has important implications for interpreting these 
findings. During sampling, most smelter units were inactive, while the remaining active unit was 
experiencing an operational disruption. Reduced production may have resulted in lower industrial 
emissions and consequently lower particulate concentrations and RQs than those occurring during 
normal or peak operations. Moreover, the measured particulate matter may have included 
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contributions from background conditions, traffic, domestic activities, and other local sources. 
Therefore, the findings cannot establish the smelter as the sole emission source and should not be 
generalized to full capacity operations or interpreted as evidence of regulatory compliance and long-
term safety. Instead, they provide a baseline for the observed reduced-activity scenario. Repeated 24-
hour measurements during different production levels and seasons, supported by operational records 
and upwind downwind sampling, are needed to determine how normal smelter activity affects 
community exposure and risk. 

This study has several limitations. First, ambient measurements were conducted at only four 
points during one day and lasted 90–120 minutes at each location. Second, measurements were 
conducted sequentially, so differences between points may partly reflect changes in measurement 
time and meteorological conditions. Third, the industry was not operating at full capacity during 
data collection, potentially producing lower concentrations than would occur during normal 
operations. Fourth, ambient concentrations were assigned to residents according to sampling area 
rather than measured using personal monitoring devices. Fifth, the risk estimates relied on dose-
equivalent reference values used in Indonesian Environmental Health Risk Assessment studies rather 
than pollutant-specific inhalation reference concentrations established for generic PM₁₀ and PM₂.₅. 
Finally, the study did not analyze particulate composition, identify emission sources, estimate 
lifetime risk, or test relationships with diagnosed health outcomes. These limitations mean that the 
results should be considered a baseline assessment of the observed exposure scenario rather than 
definitive evidence of long-term safety or direct attribution of particulate pollution to the nickel 
smelter. 

4. CONCLUSION  
This main contribution of this study is the establishment of a site specific baseline EHRA that 
integrates ambient PM₁₀ and PM₂.₅ measurements with individual exposure characteristics in a 
residential community surrounding an Indonesian nickel smelter. Mean concentrations were 30.65 
µg/m³ for PM₁₀ and 11.57 µg/m³ for PM₂.₅, with corresponding mean RQs of 0.0546 and 0.0287. All 
RQs were below one, although residents exposed for more than four hours per day had the highest 
estimated risks. These results indicate no appreciable non-carcinogenic risk only under the observed 
short duration and reduced operational scenario.  

Local authorities and industry managers should implement repeated 24-hour monitoring 
during normal and peak operations, strengthen stack emission and fugitive dust controls, routinely 
evaluate filtration systems, publicly communicate air quality information, and establish community 
respiratory health surveillance. Particular attention should be given to residents with prolonged 
outdoor exposure and other vulnerable groups. Further studies should use larger probability based 
samples, repeated seasonal and upwind downwind measurements, personal exposure monitoring, 
particulate chemical and metal analysis, and industrial operating records. Longitudinal studies 
incorporating respiratory symptoms, lung function, and other health indicators are also needed to 
provide more comprehensive estimates of cumulative and long term health risks. 
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