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Air pollution around industrial area has become a serious concern for both the 

public and local government. Thus, research on PM2.5 characterization is urgently 

needed. This study identifies the concentration and chemical characteristics of 

PM2.5 to provide an in-depth understanding of the composition of these particles 

around the largest industrial complex in North Jakarta. Sixty samples of PM2.5 

were collected from residential sites around industrial areas in North Jakarta. 

Samples were collected on Teflon filters using a SuperSASS instrument during 

the period from February to July 2023, representing the wet and dry seasons. 

Mass concentrations of PM2.5, black carbon, and 19 chemical elements were 

determined. The average mass concentration of PM2.5 in the wet and dry seasons 

was 27.81±11.82 µg/m3 and 46.63±14.37 µg/m3, respectively. Although the 

concentration of PM2.5 was lower during the wet season, the concentrations of 

black carbon and certain elements did not decrease significantly. This shows that 

pollutants play an important role in both seasons in the study location. Sulfur is 

the most abundant element with the average concentration in the dry season 

(2,727.89 ng/m3) higher than in the wet season (1,983.18 ng/m3). The PM2.5 mass 

reconstruction results show that ammonium sulfate and black carbon have the 

largest portion of PM2.5 mass. The results are expected to be used as a scientific 

reference in studying air pollution problems in this region and assist in 

formulating air protection policies to reduce PM2.5 emissions. 
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1. INTRODUCTION

PM2.5 is considered the most harmful pollutant 

because it can enter the lung alveoli and blood 

circulation (Xie et al., 2021). A comprehensive study 

on the increase in PM2.5 concentrations during the dry 

season in Southeast Asia was reported by Nguyen et 

al. (2020). Previous research estimated that PM2.5 

exposure caused 4.2 million deaths, equivalent to 

7.6% of total global mortality (Cohen et al., 2017). 

Several epidemiological studies revealed a more 

consistent correlation of PM2.5 exposure with acute 

respiratory infection and decreased lung function 

(Wang et al., 2021; Yan et al., 2022). In 2016, the 

prevalence of Acute Respiratory Infection (ARI) in 

Indonesia reached 25%, with the proportion of infant 

deaths reaching 32.10% of all under-five deaths (Putra 

and Wulandari, 2019). Based on Riskesdas data, the 

prevalence of ARI in the Special Capital Region of 

Jakarta (DKI Jakarta) in 2018 was 8.49% and North 

Jakarta was ranked second with the highest number of 

ARI cases (Ministry of Health of the Republic of 

Indonesia, 2018). 

North Jakarta is a region within the DKI Jakarta 

Province that has seen a significant increase in 

industrial activity and urbanization. Marunda is one of 

the most densely populated areas in North Jakarta 

which has a strategic location about 10 km from 

Tanjung Priok port. The port plays an important role in 

the sustainability of economic activities and the 

transportation sector in this region. High activity in the 

transportation and industrial sectors is expected to 

increase PM2.5 concentrations. In recent years, people 
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living around the Marunda Industrial Area have felt a 

decrease in air quality. In 2015, cases of ARI in infants 

recorded at the local health centers reached 60 cases 

per 1000 and continue to increase (Anggraeni and 

Iriani, 2017). Several studies have found that the 

incidence of ARI cases is related to the chemical 

composition of PM2.5, which contains harmful 

substances, such as heavy metals, organic compounds, 

inorganic chemical elements, and black carbon that 

have a negative impact on the human respiratory system 

(Darrow et al., 2014; Nascimento et al., 2020; Peng et 

al., 2009). In order to establish efficient air pollution 

control strategies, it is important to assess air quality 

and characterize the chemical composition of PM2.5 in 

the Marunda Industrial Area during seasonal changes.   

2. METHODOLOGY

2.1 Sampling site

The Marunda Industrial Area, which covers 

most of North Jakarta, is a leading industrial center in 

DKI Jakarta due to its rapid industrial development. 

Marunda Industrial Area accommodates various 

production facilities and types of industries, such as 

coal loading and unloading, manufacturing, and 

processing. PM2.5 samples were collected from 2 

February 2023 to 29 July 2023. The Indonesian 

Agency for Meteorology, Climatology, and 

Geophysics (BMKG) defines that the wet season in 

Indonesia usually occurs from December to March, 

while the dry season occurs from June to September, 

with transitional periods from April to May and 

October to November. During the transition period in 

April, the effect of the east monsoon starts to 

strengthen, indicating the onset of the dry season from 

April to September (Aldrian and Dwi Susanto, 2003). 

The wet season is influenced by the northwest 

monsoon which brings more water vapor, resulting in 

increased rainfall. Conversely, the southeast monsoon 

in the dry season brings warm and dry air, resulting in 

less rainfall (Kusumaningtyas et al., 2018). Therefore, 

this study defines February-March as the wet season 

and April-July 2023 as the dry season.  

Sampling of PM2.5 from ambient air in 

residential locations near the Marunda Industrial Area 

was conducted using a SuperSASS filter-based 

instrument (Super Speciation Air Sampling System; 

Met One Instrument, Inc., USA). Air was collected 

through an inlet with a flow rate of ±6.7 Lpm. The 

SuperSASS was operated for 24 h with a 3-days 

sampling interval following the EPA schedule. 

SuperSASS was installed on the rooftop of D2 

Marunda Flat (coordinates -6o05'48.14" S and 106o 

57'39.42" E) at the height of ±20 m above ground level 

as shown in Figure 1. 

Figure 1. Map of PM2.5 sampling location 
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2.2 Mass concentrations of PM2.5 and black carbon 

analysis 

Sixty samples were collected on Poly-

tetrafluoroethylene (Teflon) filters with a diameter of 

47mm. Before and after PM2.5 collection, the filters 

were conditioned at a temperature of 20±5oC and a 

maximum relative humidity of 50±5% for at least 24 

h for gravimetric mass determination using a Mettler 

Toledo XP6 electronic microbalance. PM2.5 mass 

concentration was determined from the difference in 

mass before and after exposure divided by the volume 

of air passing through the filter. The black carbon (BC) 

concentrations in the PM2.5 samples collected on the 

filter was analyzed using a Smoke Stain Reflectometer 

(type EEL 43M, Diffusion Systems, Ltd). The black 

carbon particles will absorb most of the light from the 

device directed to the filter sample. The amount of 

light that is not absorbed will be reflected into the 

detector and the reflectance value is proportional to the 

concentration of black carbon on the filter (Begum et 

al., 2012).  

2.3 Elemental characterization 

Energy Dispersive X-ray Fluorescence (ED-

XRF) Spectrometry is suited for airborne particle 

elemental analysis due to its simple, fast sample 

preparation and multi-element analysis in a single 

measurement (Canepari et al., 2009; Owoade et al., 

2015). ED-XRF PANalytical Epsilon 5 was used for 

the analysis of 19 chemical elements (Na, Mg, Al, Si, 

S, Cl, K, Cr, Fe, Ni, Cu, As, Pb, Ca, Ti, V, Mn, Zn, 

and Br). Before the XRF was used, a calibration curve 

was created using the MicroMatter Single Element 

Standard which establishes a linear relationship 

between X-ray intensity and element concentration. 

The XRF instrument’s accuracy was assessed using 

the measurement of Standard Reference Material 

(SRM) NIST 2783. 

2.4 Reconstructed mass (RCM) 

The measured PM2.5 mass was reconstructed 

from the sum of the analyzed chemical components to 

determine the relative contribution of various 

components to the PM2.5 mass. In this study, the RCM 

calculation is based on the following equation 

(Santoso et al., 2020a): 

RCM   =    Ammonium sulfate + Elemental carbon +   (1) 

Crustal matter + Sea salt + Smoke + 

Trace elements 

2.4.1 Ammonium sulfate 

Ammonium sulfate ((NH4)2SO4) is a dissolved 

secondary sulfate. Chan et al. (1997) explained, the 

mass of dissolved sulfate measured is strongly 

correlated with sulfur (S). Therefore, the mass of 

ammonium sulfate can be calculated as follows (Malm 

et al., 1994):  

Ammonium sulfate =  4.125 [S]  (2) 

2.4.2 Elemental carbon 

The mass of elemental carbon is assumed to be 

the same as the mass of black carbon (BC), thus no 

multiplying factor is required (Watson et al., 2005).    

Elemental carbon =  [Black Carbon]   (3) 

2.4.3 Crustal matter 

Crustal matter is the sum of Al, Si, Ca, Fe, and 

Ti contained as oxides and a multiplying factor of 1.16 

is required to exclude MgO, Na2O, K2O, and H2O 

contained in the crustal mass (Chan et al., 1997; 

Rahman et al., 2019).  

Crustal matter = 1.16 (
1.90 [Al] + 2.15[Si] + 1.41[Ca]

+ 1.67[Ti] +  2.09[Fe]
)  (4) 

2.4.4 Sea salt 

Na+ and Cl- are the main components of sea salt 

present in fine particles in the air (Watson et al., 2012). 

In this study, the contribution of sea salt was estimated 

using the following equation (Ho et al., 2003).  

Sea salt =  2.54 [Na]  (5) 

2.4.5 Smoke 

Potassium (K) can be associated as a trace 

element for smoke sources. However, K is also present 

in the crustal elements, which are assumed to have an 

average K/Fe ratio of 0.6. The equation used to 

estimate the mass of smoke in PM2.5 mass is given 

below (Oanh et al., 2006): 

Smoke = [K] − 0.6 [Fe] (6) 

2.4.6 Trace elements 

Trace elements not included in previous 

calculations can be added into the mass reconstruction 

analysis. Although their presence is only a small 

fraction (0.5-1.6%) of the total particulate mass, these 

elements are necessary to identify pollution sources 

and have a significant impact on the environment due 

to their toxicity (Chow et al., 2015). 
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2.5 Data analysis 

Meteorological data in the form of wind 

direction and wind speed data from Air Quality 

Monitoring System (AQMS) near the research 

location were processed by creating a windrose to 

understand the wind distribution patterns around the 

Marunda Industrial Area. WRPlot View is the 

software used in the study to create windroses. 

Statistical analysis was performed using RStudio 

2023.06.2+561 and Microsoft Excel 2019. All data 

were reported as mean ± standard deviation (SD). Data 

were analyzed using an independent t-test to 

determine whether or not there was an effect of season 

on the concentration and chemical composition of 

PM2.5 in the Marunda area. Independent t-test results 

with a p-value <0.05 were considered significant. 

3. RESULTS AND DISCUSSION

3.1 Mass characteristics of PM2.5

Rainfall during the study in February, March, 

April, May, June, and July was 370, 262, 47.6, 12.9, 

29.4, and 93 mm, respectively. February and March, 

the wet season, receive an abundance of precipitation 

exceeding 100 mm, whereas April through July 

receive less than 100 mm. Figure 2 shows the time 

series of 24-hour average PM2.5 concentrations during 

the sampling period. The results show that from 

February to July 2023, some daily average PM2.5 

concentration data exceeded the national quality 

standard (55 µg/m3), especially from May to July 

which is the dry season period (Republic of Indonesia 

Government Regulation, 2021). Compared to WHO 

global air quality guidelines and National Ambient Air 

Quality Standard (NAAQS), PM2.5 levels in Marunda 

Industrial Area during the sampling period exceeded 

74.57% and 94.92%, respectively, with the largest 

percentage occurring in the dry season (USEPA, 2006; 

WHO, 2021). 

The seasonal variations in Indonesia have a 

significant influence on PM2.5 level of concentration. 

The fluctuating daily average PM2.5 concentrations 

shown in Figure 2 are most likely influenced by 

meteorological conditions. In the wet season, the 

average (±SD) PM2.5 mass concentration at the study 

location was 27.81±11.82 µg/m3, which was lower 

than the average concentration of 46.63±14.37 µg/m3 

reported during the dry season. The decrease in PM2.5 

concentration during the wet season can be due to the 

decrease in stagnant weather and the presence of 

strong winds from the southwest and northwest. These 

high-speed winds contribute, disperse, and carry away 

PM2.5 dust particles (Chirasophon and Pochanart, 

2020). The independent t-test results show a 

statistically significant difference in PM2.5 mass 

concentration (p-value=6.14×10-6, α<0.05) between 

the two seasons.

Figure 2. Daily mass concentrations of PM2.5 during the sampling period 

May has the highest mass average concentration 

of PM2.5, as shown in Figure 3. This is likely due to the 

relatively low precipitation in May relative to other 

months. While the lowest concentration occurs in 

February when rainfall is abundant. These results are 

in line with research conducted by Istiana et al. (2023) 
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in Central Jakarta, a region situated at a considerable 

distance from the coast and serving as the epicenter of 

government and commerce. Despite the fact that air 

samples were collected in different areas, the findings 

from sampling in North Jakarta and Central Jakarta 

exhibit a comparable trend, with lower levels of PM2.5 

concentrations observed during the wet season 

compared to the dry season. This phenomenon arises 

due to the role of rainfall in effectively removing 

pollutants from the atmosphere. Rainfall accomplishes 

this by capturing pollutant particles and incorporating 

them into raindrops, which are then deposited onto 

various surfaces. Conversely, during the dry season, 

the eastern monsoon brings drier air and less rainfall, 

which restricts wet deposition. As a result, PM2.5 

particles accumulate and their concentration in the air 

increases (Narita et al., 2019). 

Figure 3. Monthly variations in PM2.5 concentrations at the study location 

The results of this study are still above the 

average PM2.5 concentration value in industrial 

locations on Java Island, such as Waru Sidoarjo (18.26 

µg/m3) and Surabaya (16.00 µg/m3) (Humairoh et al., 

2020; Santoso et al., 2020b). This indicates that 

Marunda is more polluted than Waru and Surabaya. 

The PM2.5 concentrations observed in the three 

industrial districts are influenced by variations in 

population, topography, type of industry, and amount 

of data. The exponential increase in population, 

industrialization, and vehicular activity in Marunda 

has had a significant impact on air quality, mostly due 

to the presence of PM2.5 particles. Various kinds of 

public transportation, such as Bus Rapid Transit 

(BRT) and microtrans, have been constructed in the 

Marunda region. Nevertheless, these endeavors are 

inadequate to surmount the escalation in the quantity 

of automobiles and other activities that contribute to 

the emission of PM2.5 pollutants in Marunda and its 

neighboring regions. 

Windrose in Figure 4 shows that in the wet 

season, the prevailing wind originates from the 

northwest quadrant, accounting for approximately 

25.75% of the total wind direction, while the 

southwest quadrant contributes around 12.02%. In 

contrast, during the dry season, the dominant wind 

blows from the northeast quadrant by 24.45% with 

weak winds from all directions. The average wind 

speed in the wet season is 1.43±0.98 m/s and 

1.06±0.92 m/s in the dry season. The ambient 

temperature for each season was 27.55±1.78°C in the 

wet season and 28.60±2.50°C in the dry season. The 

relative humidity measured in the wet season and dry 

season were 69.18±15.92% and 65.03±32.19%, 

respectively. Variations in meteorological conditions 

between seasons have an impact on pollution levels 

and dispersion (Sasmita et al., 2019). 

3.2 Characteristics of PM2.5 chemical composition 

3.2.1 Black carbon (BC) 

Black carbon (BC) particles have a significant 

impact on climate change and are linked to adverse 

effects on human health (Ambade et al., 2022). The 

observed concentration of BC in PM2.5 at the study 

location ranged from 1.90 to 11.39 µg/m3 (N=60). The 

average values during the wet season (February-

March) and dry season (April-July) were 5.42±2.23 

µg/m3 and 6.16±1.83 µg/m3, respectively. Figure 5 
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shows that  the average concentration in May was the 

highest compared to the other months. There was no 

statistically significant variation in the average 

concentration between the wet and dry seasons (p-

value=0.18, α>0.05). The presence of BC 

concentrations in PM2.5 in urban locations, serves as a 

tracer of anthropogenic emissions from diesel-engine 

vehicles in places with high traffic volume (Wang et 

al., 2009). The Marunda Industrial Area, located in an 

essential position between ports and industries, has 

high levels of transportation activities, primarily 

involving big vehicles predominantly powered by 

diesel engines. The average black carbon 

concentration at the location during the sampling 

period (5.91 µg/m3) was above the average value 

reported by Santoso et al. (2020a) in Central Jakarta. 

The high concentration of BC is likely a result of the 

works on the Marunda Access Bridge, which 

contributed to increased traffic congestion. 

Figure 4. Wind directions and wind speeds in (a) wet season, (b) dry season 

Figure 5. Monthly variations in black carbon concentration at the study location 

3.2.2 Trace elements 

Although the SRM NIST 2783 was not created 

by collecting PM2.5 on a Polytetrafluoroethylene 

(Teflon) filter, it can still provide information about 

instrument performance. The results of elemental 

validation of the SRM NIST 2783 Air Particulate on 

Filter Media conducted by Kusmartini (2023) using 

the same PANalytical Epsilon 5 Energy Dispersive X-

Ray Fluorescence (ED-XRF) spectrometer used in this 

study, as shown in Table 1, show that the ED-XRF 

accuracy described as % recovery is in the range of 92-

101%, and the measurement precision expressed as 

relative standard deviation (%RSD) is less than 10%. 

These validation results indicate that the analysis 

meets the quality requirements. (Lei et al., 2020). 

(a) (b) 
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Table 1. Validation results 

Elements Analysis results (ng/cm2) Certified value (ng/cm2) % Recovery % RSD 

Concentration Concentration 

Mg 863.00 865.00 99.70 1.49 

Al 2337.00 2330.00 100.30 0.49 

Si 5723.00 5884.00 97.30 0.38 

S 105.00 105.00 99.70 1.19 

K 536.00 530.00 101.10 1.52 

Ca 1313.00 1325.00 99.00 0.65 

Ti 150.00 150.00 100.10 0.98 

Mn 32.00 32.00 100.40 3.00 

Fe 2608.00 2661.00 98.00 2.90 

Cu 40.00 41.00 99.60 0.33 

Zn 166.00 180.00 92.30 0.82 

As 1.20 1.18 101.70 0.57 

Pb 31.00 32.00 96.90 6.24 

During the sampling period, the average 

concentration of the 19 trace elements measured was 

5,752.71 ng/m3, representing 14.25% of the total PM2.5 

mass concentration obtained. Table 2 shows that sulfur 

(S) was the dominant element in the PM2.5 samples

obtained from the Marunda Industrial Area. Its

average concentration was higher during the dry

season compared to the wet season. The presence of

sulfur in PM2.5 is a result from the combustion of fossil

fuels, such as coal and high-sulfur vehicle fuels

(Santoso et al., 2020a). In Indonesia, heavy diesel

vehicles, particularly trucks and other large vehicles

that frequently operate near industrial or main roads,

commonly utilize fuels that contain sulfur levels of up

to 2,500 ppm. The high sulfur concentration is

probably due to the sampling location vicinity near

industrial facilities that utilize coal as a fuel source, as

well as its close proximity to Marunda’s largest

arterial road, which has frequent vehicle traffic.

Zinc (Zn) and Lead (Pb) were the heavy metals 

with the largest contribution to the total element 

concentration in PM2.5. Zn and Pb have a significant 

impact on DNA and chromosome damage (Cavanagh 

et al., 2009; de Kok et al., 2005). Zinc originates 

primarily from the non-metallic smelting industry and 

vehicle tire wear (Farahani et al., 2021). Compared to 

the lead (Pb) levels observed in downtown Jakarta as 

reported by Santoso et al. (2020a), the average lead 

concentration at the study location was 1.5 times 

greater, but still below 24-hour ambient air quality 

guidelines. The chemical elements Na, Al, Si, S, K, Cr, 

Fe, As, Ti, and Br showed significant seasonal 

variations (p-value<0.05). The increase in 

concentrations of elements classified as anthropogenic 

sources, such as S, K, Cr, and Br, from the wet season 

to the dry season is thought to be related to the 

activities of local pollutant sources, such as industry, 

vehicles and biomass burning (Liu et al., 2023). 

Meanwhile, Na, Al, Si, Fe, As, and Ti are likely 

associated with soil dust originating from construction 

activities around the study location. These elements 

show a significant decrease in concentration from the 

wet to the dry season.

Table 2. PM2.5 elements concentration (ng/m3) in wet season (February-March) and dry season (April-July) 

Elements Wet season Dry season 

Average±SD Range Average±SD Range 

Na 1,215.38±317.91 574.88-1,763.77 855.59±565.19 135.94-3,399.61 

Mg 70.85±73.93 3.43-287.39 47.96±36.33 1.46-214.92 

Al 362.87±454.31 8.78-2,639.77 116.46±202.53 13.54-1,291.21 

Si 479.67±420.05 83.43-1,600.05 224.32±263.25 23.34-1,727.28 

S 1,983.18±815.90 842.27-4,097.98 2,727.89±657.45 970.96-4,233.99 

Cl 273.48±457.93 25.08-2,160.28 127.24±95.35 16.15-417.34 
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Table 2. PM2.5 elements concentration (ng/m3) in wet season (February-March) and dry season (April-July) (cont.) 

Elements Wet season Dry season 

Average±SD Range Average±SD Range 

K 356.18±120.75 170.22-616.10 597.25±232.80 188.03-1,137.99 

Cr 5.26±1.99 1.86-11.29 6.82±2.79 2.14-16.38 

Fe 445.79±190.69 85.75-791.30 229.67±151.99 39.37-705.08 

Ni 3.84±1.71 0.87-8.47 3.15±1.69 0.32-6.87 

Cu 23.06±21.00 1.38-93.27 23.93±21.45 1.31-114.56 

As 18.80±10.20 0.99-35.52 13.33±8.49 2.18-35.69 

Pb 106.04±105.60 6.18-446.02 59.07±53.59 4.93-245.46 

Ca 181.94±136.65 43.53-532.50 142.25±72.47 13.17-443.46 

Ti 30.41±23.16 2.99-92.35 14.67±16.25 2.98-104.15 

V 0.79±0.46 0.23-1.97 0.73±0.32 0.26-2.07 

Mn 46.96±22.35 3.53-87.15 49.99±45.21 1.49-212.54 

Zn 371.06±225.81 45.14-807.49 349.74±337.81 18.17-2,122.09 

Br 17.98±10.60 3.86-40.65 42.16±36.39 7.08-170.53 

3.3 Reconstructed mass (RCM) 

Figure 6 shows the reconstructed PM2.5 

concentration based on average values during the wet 

and dry seasons. Based on the sum of six components, 

ammonium sulfate and black carbon account for the 

majority of PM2.5 mass in both seasons. Organic 

compounds and secondary nitrates are examples of 

unaccounted-for masses in this investigation. In 

Marunda, ammonium sulfate mass contributed the 

most (31.19%) to PM2.5 mass during the wet season 

compared with the dry season. The increase in relative 

humidity in the atmosphere increases the synthesis of 

(NH4)2SO4 through chemical reactions, resulting in a 

larger concentration during the wet season. The 

ammonium sulfate found in this study was most likely 

caused by industrial and vehicular emissions. The 

research region is near an industrial sector that burns 

coal as its primary fuel, contributing to sulfur 

emissions into the atmosphere. In addition to industry, 

sulfur sources are expected to originate from the 

presence of ports on the northeast and northwest sides 

of the study area, which complicates matters with high 

volumes of heavy vehicle and ship emissions. In the 

wet season, black carbon accounts for 20.00% of PM2.5 

mass, while in the dry season, it accounts for 13.63%. 

Bangkok and Bandung, both cities with high traffic 

volumes, similarly have higher amounts of black 

carbon contribution in the wet season than in the dry 

(Oanh et al., 2006).  

Sea salt is a chemical component that 

contributes to 13.22% of the reconstructed PM2.5 mass 

during the wet season. The sampling location is less 

than one kilometer from the sea, where increased wind 

speeds assist in facilitating the transportation of sea 

salt particles to coastal areas. Consequently, the 

concentration of sea salt in PM2.5 increases (Yin et al., 

2005). The contribution of crustal matter is less than 

that of ammonium sulfate, sea salt, and unaccounted 

mass, indicating that crustal matter is more abundant 

in the coarse fraction than in the fine fraction, as 

reported by Oanh et al. (2006) in their investigation of 

six metropolitan cities in Asia. The mass of sea salt 

and crustal matter differed significantly in both 

seasons, with p-values of 2.2×10-6 and 0.2×10-2, 

respectively. During the sampling period, the average 

smoke concentration was 342.69 ng/m3, with the dry 

season contributing 0.97% more PM2.5 mass. In 

Jakarta, source apportionment of pollutants identified 

biomass burning as one of the greatest contributors to 

PM2.5 levels. Due to insufficient waste collection, open 

dumping and burning of waste in open areas remains 

a frequent practice in large urban areas such as Jakarta 

(Santoso et al., 2013). During the dry season, the 

practice of open burning is more prevalent, resulting 

in smoke plumes. Smoke plumes are lifted into the air 

and carried by the wind, increasing PM2.5 

concentrations in the atmosphere. 

4. CONCLUSIONS

PM2.5 mass concentration levels in the Marunda 

Industrial Area, North Jakarta, have significantly 

exceeded WHO and US EPA daily averages, 

especially in the dry season. Daily PM2.5 trends 

indicate exposure to values ranging from 12.04 to 

81.30 µg/m3, potentially harmful to sensitive groups’ 

health.   Sulfur   was  the   species   with   the   highest 
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Figure 6. Reconstructed mass of PM2.5 (a) wet season, (b) dry season 

concentration, and ammonium sulfate contributed to 

the largest proportion of the PM2.5 samples. Industrial 

activities involving coal are considered to be the 

source of excessive sulfur levels and a rise in 

ammonium sulfate in the atmosphere. Overall, this 

study demonstrates how climatic factors and pollutant 

sources contribute to PM2.5. These findings can be 

used by local authorities to develop initiatives 

designed to lower the potential risk of PM2.5. 
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