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Coal mining transportation activities in the Air Laya coal mine area of Bukit
Asam involve the mobilization of vehicles that can potentially increase air
pollution due to exhaust emissions and dust particles. This pollution negatively
impacts environmental quality and the sustainability of the surrounding
vegetation. To mitigate these effects, revegetation is employed as an
environmental restoration strategy. This study aims to evaluate the tolerance of
several tree species along the Air Laya Mine transportation route using the Air
Pollution Tolerance Index (APTI) and Anticipated Performance Index (API)
methods. The APTI findings revealed that the four examined tree species
demonstrate varying levels of tolerance to air pollution. Chinese Albizia (Albizia
chinensis (Osbeck) Merr.) recorded the highest APTI score and was categorized
as tolerant. Earleaf Acacia (Acacia auriculiformis A. Cunn. Ex Benth) and
Eucalyptus Tree (Melaleuca leucadendra (L.) L.) were classified as having
moderate tolerance, while Red Sandalwood (Pterocarpus indicus Willd) was
identified as sensitive. In terms of the API assessment, Acacia auriculiformis was
classified as Excellent; Melaleuca leucadendra and Albizia chinensis were rated
as Very Good, and Pterocarpus indicus was categorized as Good. These results
suggest that species with high APTI and API scores possess significant potential
for use as buffer vegetation in green transportation corridors, contributing to
sustainable air pollution mitigation.
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1. INTRODUCTION

The rapid growth of the mining industry, particularly at the Air Laya Mine within the operational area of PT Bukit Asam, has had a
significant impact on the environment. The Air Laya Mine is one of the oldest open-pit mining areas, spanning 7,621 hectares and
remaining actively operational. One of the resulting impacts is increased air pollution resulting from mining and transportation
activities. According to Juniah et al. (2013), coal mining activities cause air pollution. Polluted air can cause the air to become dirty

or unclean, leading to public health problems.

Air pollution is the entry or introduction of substances, energy, or other components into the ambient air by human activities or

natural processes, resulting in a decrease in ambient air quality to a certain level, causing the air to become less or no longer able to
fulfill its intended function (Hasan and Fattah, 2020). The presence of pollutants in the air can be caused by vehicle exhaust from
coal transportation activities and coal particles, which contribute to the decline in air quality (Salma, 2024). Mining vehicles and
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heavy equipment operating on unpaved roads are also sources of mobile air pollution, releasing gases such as N2O, COz, SO, and
coal dust particles into the atmosphere (Rahma, 2021).

Air pollution impacts plant morphology and physiology. Emissions such as CO2, NO, hydrocarbons, and particulate matter (PM)
can induce morphological changes, including chlorosis and necrosis. Physiologically and biochemically, these pollutants can also
reduce chlorophyll pigments, carotenoids, and ascorbic acid, disrupt cell membrane permeability, and disrupt stomatal diffusion
(Mehmood et al., 2024). Tree-like plants play a crucial role in absorbing and retaining air pollutants through their stomata and leaf
surfaces. However, not all tree species have the same ability to absorb air pollution. According to Azzahro (2019), environmentally
friendly air pollution control efforts can be implemented by increasing the amount of vegetation through the planting of plant species
that can adapt and thrive in polluted environments, as well as possess the ability to absorb pollutant gases and trap dust particles,
such as those with a dense canopy. Juswardi ef al. (2024) conducted an Air Pollution Tolerance Index (APTI) assessment to
determine the types of trees that are tolerant for use in petrochemical industrial areas. To strengthen the basis for tree selection for
transportation route vegetation, an API evaluation is necessary. According to Anake et al. (2022), API is an advanced index that
considers morphological, ecological, and socio-economic factors that can identify suitable tree species for reforestation in polluted
areas.

Each plant has a different level of tolerance to air pollution. Plants can survive with varying levels of tolerance to air pollution based
on criteria from the APTI assessment, which includes several components such as pH, water content, ascorbic acid, and chlorophyll.
Plant tolerance to air pollution is a plant's ability to respond to environmental stressors approaching the minimum or maximum
tolerance threshold of normal conditions (Salsabila, 2020). This study specifically aims to evaluate and compare the tolerance of
several tree species to air pollution in the green belt area of the PT Bukit Asam Airlaya Mine using the Air Pollution Tolerance
Index (APTI) and Anticipated Performance Index (API) methods, thereby identifying species most suitable for enhancing air quality
in this environment.

2. MATERIALS AND METHODS

Research Site

The research was conducted on the Air Laya Mine production line (Bang Jo 6), PT Bukit Asam (PTBA) Tanjung Enim, an area
with high operational vehicle traffic (Figure 1). Location determination and sampling used a purposive convenience sampling
method. Each tree species was made into 3 individual sample repetitions. The selected plant species and their coordinates are
presented in Table 1.
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Figure 1. Map of the research location of sampling points in the Air Laya Mining Area of PT Bukit Asam

Table 1. Coordinates of sampling locations in the Air Laya Mining Area of Bukit Asam, South Sumatra

Common name Scientific name Coordinates

Earleaf acacia Acacia auriculiformis (A.cunn. Ex Benth)  3.750016°S, 103.760452°E
Red sandalwood Pterocarpus indicus Willd 3.762080°S, 103.765420°E
Eucalyptus tree Melaleuca leucadendra (L.) L. 3.750015°S, 103.760452°E
Chinese albizia Albizia chinensis (Osbeck) Merr 3.750023°S, 103.760450°E
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Parameter Observation Procedure
Relative Water Content (RWC): Measured gravimetrically (Agbaire and Esiefarienrhe, 2010; Salsabila et al., 2020) using the
following formula:

Water Content (%) _ (wet weight—dry weight)

X 100

wet weight

Leaf Extract pH (pH): 200 mg of fresh leaves were homogenized in 20 ml of deionized water, centrifuged (5,000 rpm, 5 minutes),
and measured using a pH meter (Dadkhah-Aghdash et al., 2022).

Ascorbic Acid (AsA): Measured using a spectrophotometer (wavelength 270 nm) from leaf extracts in CO»-free distilled water.
Ascorbic acid levels were calculated by comparing the sample absorbance value to a standard ascorbic acid solution using the
established formula (Juswardi et al., 2022):

Sample Absorbance

AsA content (equivalent AsA ppm) = X Standard AsA

Standard Absorbance

Total Chlorophyll (TC): Extracted with 80% acetone and measured at wavelengths of 645 nm and 663 nm (Fred Chibuisi ef al.,
2014). Chlorophyll levels can be determined using the formula (Arnon, 1949) in (Robika and Sari, 2019):

Chlorophyll a = (12.7xD663-2.69xD645)

Chlorophyll b = (22.9xD645-4.68xD663)

Total Chlorophyll = (20.2xD645+8.02x663)

Stomata Density (SDS): Using the epidermal print method (clear nail polish) on the abaxial surface of the leaf, observed under
a microscope at 40x10 magnification. (Khoiroh et al., 2014). Stomatal density can be calculated using the formula from Wilmer
and Fricker (1996):

Number of Stomata
Field of View (1mm?2)

Stomatal Density (mm?) =

Analysis of Air Pollution Tolerance Index (APTI):
The Air Pollution Tolerance Index (APTI) was determined using the method provided by Singh and Rao (1983) using the formula

(Maheswari and Nagajoth, 2020):

APT] = [AT+P)+R]

Information;

A: Ascorbic Acid Content (mg/g)
T: Total Chlorophyll (mg/g)

P: Leaf Extract pH

R: Relative Leaf Water Content (%)

Table 2: Air Pollution Tolerance Index (APTI) Criteria in Plants

Value of APTI Criteria
APTI Value > Average APTI + SD Tolerant
Average APTI < APTI Value > Average APTI + SD Moderate
Average APTI - SD < APTI Value > Average APTI Moderate
APTI Value < Average APTI — SD Sensitive

Source : Liu and Ding (2008)

Analysis of Anticipated Performance Index (API)
API Calculation:
The APTI value is calculated by combining several related biological and socio-economic characteristics, including plant
habitus, canopy structure, plant species, and economic value. Based on these characteristics, selected plants are assigned different
values (+ or -) and scored accordingly (Maheswari and Nagajoth, 2020). The API uses the formula according to Govindaraju et
al. (2012), as follows:

__Number of plant scores (+)

API X 100%

Maximum score (16)
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Table 3. Anticipated Performance Index (API) assessment parameters

Character Assessment Assessment Pattern Grade Given
12.0-16.0 +
16.1-20.0 ++

Tolerance APTI 20.1-24.0 +++
24.1-28.0 -
28.1-32.0 -
32.1-36.0 -

Plant Habits Small -
Medium +
Large ++
Canopy Sparse/Irregular/round -
structure Dispersed/Open/semisolid +
Spread densely ++
Biology Types of Deciduous Plants -
Plants Evergreen +
Leaf Size
Small -
Medium +
Large ++
Leaf structure  Leaf Texture
Smooth _
Rough +
Leaf Hardness
Soft -
Hard +

Socio-Economic  Economic < 3 utility -

Value 3 — 4 utility +
> 5 utility ++

Table 4. Anticipated Performance Index (API) table of plant species

Value % Score Assessment Categories
0 <30 Not Recommended

1 31-40 Very poor

2 31-50 Poor

3 51-60 Moderate

4 61-70 Good

5 71-80 Very Good

6 81-90 Excellent

7 91-100 Best

Source: Maheswari dan Nagajoth (2020).

3. RESULTS AND DISCUSSION

Based on research on the Assessment of the Air Pollution Tolerance Index (APTI) and Anticipated Performance Index (API) of
several tree species along the Air Laya coal mine transportation route in Bukit Asam, the following results were obtained.

Table 5. Biochemical Parameter for of Several Tree Species along the Air Laya Bukit Asam Coal Mine Transportation Route

Species Ascorbic acid Total chlorophyll pH leaf Relative water
(eq. AsA ppm) (mg/g) content (%)

Acacia auriculiformis 37.16+12.15 0.27+0.02 5.73+0.09 63.87+£2.54

Melaleuca leucadendra 41.98+2.11 0.27+0.01 4.96+0.26 69.33+2.23
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Albizia chinensis 40.37+10.31 0.29+0.02 7.18+0.12 64.40+1.65
Pterocarpus indicus 28.02+ 1.40 0.29+0.03 5.67+0.84 72.13£1.17

Relative Water Content (RWC), Variations in relative water content (RWC) were found across the four species, with P. indicus
having a higher RWC (72.13+1.17%) and A. auriculiformis having a lower RWC (63.87+2.54%). Despite exposure to pollutants,
all species were able to maintain RWC above 60%, which, according to Yazdani ef al. (2024), indicates a positive response and
plant adaptability to polluted locations. This ability reflects the balance between water supply and loss through transpiration, where
RWC is directly related to cell volume and turgidity (Rajiman et al., 2024). This physiological stability is likely supported by
effective stomatal regulatory mechanisms and leaf anatomical structures capable of suppressing excessive water loss under
environmental stress.

Leaf Extract pH, The pH values of leaf extracts ranged from neutral in P. indicus (7.18+ 0.84) to acidic in M. leucadendra
(4.96+0.26), reflecting the species' tolerance level to air pollution. According to the classification of Asif and Ma (2024), the pH
range of 4.4 to 8.8 encompasses plants with intermediate to tolerant sensitivity. A decrease in pH toward acidic conditions, as seen
in the majority of sampled species, is an indicator of stress due to sulfur dioxide (SO-) and nitrogen oxide (NOy) pollutants entering
leaf tissue (Kazi et al., 2021; Mehmood et al., 2024). A lower pH tends to reduce photosynthetic efficiency, while a higher or neutral
pH in P. indicus indicates greater resistance to airborne contaminants.

Ascorbic Acid Content, Analysis of ascorbic acid content showed that M. leucadendra (41.98+2.11ppm) had the highest
antioxidant capacity, followed by A. chinensis, A. auriculiformis, and P. indicus. This variation reflects each species' antioxidant
defense strategies to counteract oxidative stress caused by pollution (Venkatesh & Park, 2014). The high ascorbic acid content in
M. leucadendra and A. chinensis indicates a more effective cellular protection mechanism, where ascorbic acid acts as a strong
reducing agent to prevent oxidation (Putri et al., 2023). Conversely, lower values indicate a higher level of susceptibility or
sensitivity to airborne pollutants at the study site.

Total Chlorophyll Content, Total chlorophyll content showed relatively uniform values among the four species, ranging from
0.265 to 0.289 mg/g, indicating that the photosynthetic system was still functioning quite well despite exposure to pollutants.
Decreased chlorophyll levels often occur as a result of pigment degradation and chloroplast disruption by pollutants such as SO,
NO,, and particulate matter (PM2.5 and PM10) (Hamid ef al., 2022). Although the results of this study showed lower values than
those of Rizkiaditama et al. (2017) on P. indicus in industrial areas (2.610 mg/g), the stability of chlorophyll values between species
indicates a sustainable photosynthetic capacity to support plant metabolism in polluted environments (Zahara ef al., 2025).

Stomatal Density
Based on observations of leaf stomatal density, the following results were obtained:
Table 6. Stomatal Density of Several Tree Species along the Air Laya Bukit Asam Coal Mine Transportation Route

Species Stomata Density (mm?)
Acacia auriculiformis 422.52
Melaleuca leucadendra 393.04
Albizia chinensis 485.69
Pterocarpus indicus 120.72

As shown in Table 6, observations of stomatal density on the underside of leaves revealed differences between species. The average
stomatal density in A. chinensis was 485.69 mm?, A. auriculiformis 422.52 mm?, and M. leucadendra 393.04 mm?, all categorized
as medium density. Meanwhile, P. indicus, with a stomatal density of 120.72 mm?, is classified as low density, as it is below 300
mm?.

Karubuy et al. (2018) stated that stomatal density can be classified into three categories: low density (<300/mm?), medium density
(300-500/mm?), and high density (>500/mm?). Plants with a high average stomatal density, such as 4. chinensis, have a larger gas
diffusion area, potentially absorbing greater amounts of gaseous pollutants. Conversely, plants with lower stomatal densities, such
as P. indicus, tend to have a more limited gas exchange capacity, resulting in a relatively smaller pollutant absorption capacity.
Stomatal density thus indicates a plant’s ability to absorb pollutants or act as a bioindicator. According to Prithviraj and Reshmi
(2025), a lower stomatal count is an adaptive mechanism to minimize the absorption of gaseous pollutants in the air.
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and (D) Pterocarpus indicus.

Based on Figure 2, it is visually apparent that the size of stomata in the four observed species exhibits an inverse relationship with
stomatal density on the leaf surface. Larger stomata tend to be fewer in number, whereas smaller stomata are usually more numerous.
According to Siahaan and Lestari (2023), larger stomata generally correspond to lower density compared to smaller stomata.
Stomata with higher density tend to have increased transpiration rates compared to those with lower density.

APTI Analysis

Based on plant biochemical parameters—including relative water content, leaf extract pH, ascorbic acid content, and total
chlorophyll content—the Air Pollution Tolerance Index (APTI) was determined. The results are as follows:

Table 7. Air Pollution Tolerance Index (APTI) values for various tree species along the Air Laya mine, Bukit Asam transport
route.

Species APTI Category
Acacia auriculiformis 28.66 Moderate
Melaleuca leucadendra 28.88 Moderate
Albizia chinensis 36.58 Tolerant
Pterocarpus indicus 23.91 Sensitive

Based on Table 7, the results indicate that the species with the highest APTI value, categorised as tolerant, is 4. chinensis, with an
APTI 0f 36.58. M. leucadendra, with an APTI of 28.88, and 4. auriculiformis, with an APTI of 28.66, fall within the medium APTI
category. P. indicus, with an APTI of 23.91, is classified as sensitive. Plants identified as sensitive to air pollution can serve as
indicator species for polluted environments due to their rapid physiological response to elevated levels of environmental pollutants.
Conversely, plants categorised as tolerant are utilised as buffer vegetation in pollution mitigation efforts, such as the establishment
of green belts in areas with high air pollution levels. According to Saptoka and Shresta (2024), APTI is employed to assess plants
either as pollution indicators (sensitive) or as tolerant vegetation suitable for green belts.

API Analysis
Biological and socio-economic characteristics, including plant habitus, canopy structure, plant species, by combining APTI value
the results were obtained on Table 8.
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Table 8. Anticipated performance index (API) values for various tree species along the Air Laya mine Bukit Asam
transportation route.

. Grade total
Spesies APTI API Total (+) Score (%) Category
Acacia auriculiformis 5 8 13 81.25 Excellent
Melaleuca leucadendra 5 7 12 75.00 Very Good
Albizia chinensis 6 6 12 75.00 Very Good
Pterocarpus indicus 3 8 11 68.75 Good

Based on Table 8, the results of the API calculation indicate that A. auriculiformis falls into the Excellent category, demonstrating
that the plant is not only tolerant of air pollution but also highly adaptable to it. M.. leucadendra and A. chinensis were classified as
Very Good, reflecting a favourable combination of physiological tolerance to APTI alongside supportive morphological and
ecological characteristics. Meanwhile, P. indicus was assigned a Good category, indicating reasonably good survival but with a
more limited level of tolerance. According to Hanif ef al. (2025), the Anticipated Performance Index (API) assessment aims to
qualitatively evaluate and recommend the most suitable tree species for planting in polluted areas. For instance, an API score of
90% or above identifies a species as an excellent performer, highly recommended due to its dense canopy’s ability to reduce air
pollutants.

The API assessment category is determined based on a combination of APTI values and the plant's morphological, biological, and
socioeconomic characteristics. The assessment results indicated that species with large tree habitats, dense canopy structures,
evergreen foliage, broad leaves with rough surfaces, and high socio-economic value tended to achieve higher API scores and were
most recommended for reforestation activities.

4. CONCLUTION

The four tree species exhibited different responses to air pollution stress. Albizia chinensis had the highest APTI score and was
classified as tolerant to air pollution, making it potentially suitable for use as buffer vegetation. Acacia auriculiformis and Melaleuca
leucadendra were placed in the medium tolerance category. Meanwhile, Pterocarpus indicus had the lowest APTI score and was
classified as sensitive to air pollution, making it more appropriate for use as an air quality bioindicator. The Anticipated Performance
Index (API) values indicated that A. auriculiformis was rated as Excellent, while M. leucadendra and A. chinensis were rated as
Very Good and could be recommended. P. indicus, meanwhile, was rated as Good.

REFERENCES

1.  Anake, W. U., Bayode, F. O., Jonathan, H. O., Omonhinmin, C. A., Odetunmibi, O. A., and Anake, T. A. (2022). Screening
of plant species response and performance for green belt development: implications for semi-urban ecosystem restoration.
Sustainability, 14(7), 3968. https://doi.org/10.3390/su14073968

2. Asif, Z., and Ma, W. (2024). Assessing the air pollution tolerance index of urban plantation: a case study conducted along
high-traffic roadways. Atmosphere, 15(6), 659. https://doi.org/10.3390/atmos15060659

3. Azzahro, F., Yulfia. and Anjarwati. (2019). Determination of evaluation results of tree species selection in controlling air
pollution in cement factories based on morphological characteristics (Ina). Journal of research and Technology. 5(2): 8§9-
98. https://doi.org/10.31848/ejtl.v2i1.259

4.  Dadkhah-Aghdash, H., Rasouli, M., Rasouli, K., and Salimi, A. (2022). Detection of urban trees sensitivity to air pollution
using physiological and biochemical leaf traits in Teheran, Iran. Scientific Reports, 12(1), 15398.
https://doi.org/10.1038/s41598-022-19865-3

5. Fred Chibuisi, O., Ifeoma, I. A. S., Ani, Godwin, U., Ude, C. M., Agha, I. and O, Tochukwu. (2014). Air pollution tolerance
indices (APTI) of six ornamental plants commonly marketed at “ebano tunnel” floral market, in Enugu Urban Enugu State,
Nigeria. Science Toxicologi and Food Technology, 8(1), 51-55. https://doi.org/10.9790/2402-08135155

6. Govindaraju, M., Ganeshkumar, R. S., Muthukumaran, V. R., and Visvanathan, P. (2012). Identification and evaluation of
air-pollution-tolerant plants around lignite-based thermal power station for greenbelt development. Environmental Science
and Pollution Research, 19(4), 1210-1223. https://doi.org/10.1007/s11356-011-0637-7

7. Hamid, D. S., Yuliati, R., and Putrika, A. (2022). Trees physiological responses to air pollution in taman margasatwa
Ragunan and UI Depok campus. Biotropia, 29(3), 254-262. https://doi.org/10.11598/btb.2022.29.3.1764

8. Hanif, H. K., Muhammad, S., Yang, H. H., Awan, M. U. F., Ahmed, S., Tayyab, M., and Khan, Z. U. D. (2025). Biological
evaluation of air quality of an urban ecosystem through air pollution tolerance and performance index. Aerosol and Air

Page 3011303 Available at: www .ijlsar.org



http://www.ijlsar.org/
https://doi.org/10.3390/su14073968
https://doi.org/10.3390/atmos15060659
https://doi.org/10.31848/ejtl.v2i1.259
https://doi.org/10.1038/s41598-022-19865-3
https://doi.org/10.9790/2402-08135155
https://doi.org/10.1007/s11356-011-0637-7
https://doi.org/10.11598/btb.2022.29.3.1764

Juswardi J. et al, Assessment of the Air Pollution Tolerance Index (APTI) and Anticipated Performance Index

(API) of Several Tree Species on Coal Mining Transportation Route: Case at the Air Laya Coal Mine Bukit Asam,

South Sumatra, Indonesia

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Quality Research, 25(1), 11. https://doi.org/10.1007/s44408-025-00008-y

Hasan, N., and Ibrahim Fattah, R. (2020). Analysis of air pollution due to asphalt factories based on government regulation
number 41 of 1999 concerning air pollution control. (Ina) Madani Legal Review, 4(2), 108-123.
https://doi.org/10.31850/malrev.v4i2.681

Juniah, R., Dalimi, R., Suparmoko, M., and Moersidik, S. S. (2013). The impact of coal mining on the health of
communities surrounding coal mines (study of environmental services as carbon absorbers) (Ina). Indonesian Journal of
Health Ecology, 12(2), 80463. https://doi.org/10.35335/midwifery.v11i5.1379

Juswardi, J, Sa'idah, N. Aminasih, N., and Wardana, S.T. (2024). Air pollution tolerance of several species of trees in the
petrochemical industry area using air polution tollerance index (APTI) method. International Journal of Life Science and
Agriculture Research. 3(4), 295-302. https://doi.org/10.55677/ijlsar/V0314Y2024-12

Juswardi, Mukti, W., Tanzerina, N., Junaidi, E. and Wardana, S. T. (2022). The antioxidant role of organic acids in
Eleocharis dulcis (Burm.f.) Trin. ex Hesch. as a response to metal stress in the phytoremediation of acid mine drainage
(Ina). Sriwijaya Bioscientia, 3(1), 1-8. https://doi.org/10.24233/sribios.3.1.2022.340

Karubuy, C. N., Rahmadaniarti, A., and Wanggai, J. (2018). Stomata characteristics and chlorophyll content of Chinese
Wood (Sundacarpus amarus (Blume) CN Page) seedlings at various shade intensities (Ina). Jurnal Kehutanan Papuasia,
4(1), 45-56. https://doi.org/10.46703/JTURNALPAPUASIA.VOL4.1SS1.89

Kazi, E., Shaikh, Y. I, Tikle, S., Beig, G., Shaikh, V. S., Kulkarni, S., and Dhulap, V. P. (2021). Effect of air pollutants on
urban roadside trees in Shivajinagar & Pashan Area, Pune City. ES Food <& Agroforestry, 5, 29-37.
https://dx.doi.org/10.30919/esfaf508

Khoiroh, Y., Harijati, N., and Mastuti, R. (2014). Growth and relationship between stomata density and tuber weight in
Amorphophallus muelleri Blume and Amorphophallus variabilis Blume (Ina). Biotropika: Journal of Tropical Biology,
2(5), 249-253.

Maheswari, J., and Nagajoth, D. (2020). Air pollution tolerance index and anticipated performance index of 15 species
considered for green belt development in Virudhunagar. International Journal of Ecology and Environmental Sciences,
2(1), 06-17. http://dx.doi.org/10.6084/m9.figshare.12129252.v1

Mehmood, Z., Yang, H. H., Awan, M. U. F., Ahmed, U., Hasnain, A., Lugman, M., and Sharjeel, A. (2024). Effects of air
pollution on morphological, biochemical, DNA, and tolerance ability of roadside plant species. Sustainability, 16(8), 3427.
https://doi.org/10.3390/su16083427

Prithviraj, P. S., and Reshmi, G. R. (2025). Breathing plants: analyzing air pollution's effect on leaf and stomatal
morphology. Journal of Stress Physiology & Biochemistry, 21(2), 216-228. https://sciup.org/143184713

Putri, A., Yuniati, R., and Putrika, A. (2023). Six tree species physiological responses to air pollution in Pulogadung
Industrial Estate, East Jakarta, Indonesia and Universitas Indonesia Campus, Depok, Indonesia. 1J4A4S), 8814.
http://doi.org/10.11591/ijaas.v12.i2.pp152-162

Rahma, N. (2021). Impact of coal mining on environmental health: a systematic review. (Ina). Health Safety Environment
Journal, 2(2). https://doi.org/10.1016/j.gexplo.2020

Rajiman, R., Megawati, S., Anshori, A., and Martini, T. (2024). The effect of planting distance and inorganic fertilizer on
biomass, chlorophyll, and relative water content of red onion leaves in the vegetative phase. (Ina). Jurnal Pertanian Agros,
26(1), 5185-5195. https://e-journal.janabadra.ac.id/index.php/JA/article/view/3954/2416

Rizkiaditama, D., Purwanti, E., and Muizzudin, M. (2017). Analysis of chlorophyll levels in angsana trees (Pterocarpus
indicus Willd.) in the Ngoro Industrial Persada (NIP) Area, Ngoro, Mojokerto as a source for learning biology. (Ina).
Prosiding Seminar Nasional 1I1,2017 “Prodi Pendidikan Biologi-FKIP-PSLK, Universitas Muhammadiyah Malang, 29
April 2017, 287-293

Robika, R., and Sari, E. (2019). Growth and chlorophyll content of acacia mangium leaves on former tin mining land on
Bangka Island, (Ina). Ekotonia: Jurmnal Penelitian Biologi, Botani, Zoologi Dan Mikrobiologi, 4(1), 7-11.
http://doi.org/10.33019/ekotonia.v4il.1009

Salma, H. (2024). Air quality analysis of coal truck activities in Jambi Province. (Ina) JSSIT: Jurnal Sains dan Sains
Terapan, 2(1). https://doi.org/10.30631/jssit.v2il.44

Salsabila, S. H., Nugrahani, P., and Santoso, J. (2020). Tolerance of landscape plants to air pollution in Sidoarjo City. (Ina).
Jurnal Lanskap Indonesia, 12(2), 73-78. https://doi.org/10.29244/jli.v12i2.32533

Sapkota, S., and Shrestha, S. M. (2024). Assessment of air pollution tolerance index and anticipated performance index of
roadside plants used for greenbelt development in the Kathmandu Valley, Nepal. Environmental Challenges, 14, 100818.
https://doi.org/10.1016/j.envc.2023.100818

Page 3021303 Available at: www .ijlsar.org



http://www.ijlsar.org/
https://doi.org/10.1007/s44408-025-00008-y
https://doi.org/10.31850/malrev.v4i2.681
https://doi.org/10.35335/midwifery.v11i5.1379
https://doi.org/10.55677/ijlsar/V03I4Y2024-12
https://doi.org/10.24233/sribios.3.1.2022.340
https://doi.org/10.46703/JURNALPAPUASIA.VOL4.ISS1.89
https://dx.doi.org/10.30919/esfaf508
http://dx.doi.org/10.6084/m9.figshare.12129252.v1
https://doi.org/10.3390/su16083427
https://sciup.org/143184713
http://doi.org/10.11591/ijaas.v12.i2.pp152-162
https://doi.org/10.1016/j.gexplo.2020
https://e-journal.janabadra.ac.id/index.php/JA/article/view/3954/2416
http://doi.org/10.33019/ekotonia.v4i1.1009
https://doi.org/10.30631/jssit.v2i1.44
https://doi.org/10.29244/jli.v12i2.32533
https://doi.org/10.1016/j.envc.2023.100818

Juswardi J. et al, Assessment of the Air Pollution Tolerance Index (APTI) and Anticipated Performance Index
(API) of Several Tree Species on Coal Mining Transportation Route: Case at the Air Laya Coal Mine Bukit Asam,
South Sumatra, Indonesia

27. Siahaan, F. A., and Lestari, D. (2023). Stomatal characteristics in three groups of mangrove plants: major, minor, and
associate (Ina). Jurnal nature Indonesia, 21(2), 144-148.

28. Venkatesh, J., and Park, S. W. (2014). Role of L-ascorbate in alleviating abiotic stresses in crop plants. Botanical studies,
55(1), 38. http://www.as-botanicalstudies.com/content/55/1/38

29. Yazdani, M., Karimzadeh, H., Azimzadeh, H., and Soleimani, M. (2024). Monitoring the temporal variations of plant stress
using the air pollution tolerance index in the Sejzi industrial area (Isfahan, Iran). Environmental Science and Pollution
Research, 31(48), 58375-58395. https://doi.org/10.1007/s11356-024-35020-z

30. Zahara, M., Arifin, V. N., Rachman, F., and Aryani, D. S. (2025). Heavy metal accumulation, chlorophyll content and
stomatal density of shade plants in response to air pollution in Banda Aceh, Indonesia. Biodiversitas: Journal of Biological
Diversity, 26(11). 5449-5457. https://doi.org/10.13057/biodiv/d261106

Page 303|303 Available at: www .ijlsar.org



http://www.ijlsar.org/
http://www.as-botanicalstudies.com/content/55/1/38
https://doi.org/10.1007/s11356-024-35020-z
https://doi.org/10.13057/biodiv/d261106

