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Abstract
Green vegetation enrichment is a cost-effective technique for reducing atmospheric pollution. Fifteen common tropical plant 
species were assessed for identifying their air pollution tolerance, anticipated performance, and metal accumulation capacity at 
Jharia Coalfield and Reference (JCF) site using Air Pollution Tolerance Index (APTI), Anticipated Performance Index (API), 
and Metal Accumulation Index (MAI). Metal accumulation efficiencies were observed to be highest for Ficus benghalensis L. 
(12.67mg/kg) and Ficus religiosa L. (10.71 mg/kg). The values of APTI were found to be highest at JCF for F. benghalensis 
(APTI: 25.21 ± 0.95), F. religiosa (APTI: 23.02 ± 0.21), Alstonia scholaris (L.) R. Br. (APTI: 18.50 ± 0.43), Mangifera indica 
L. (APTI: 16.88 ± 0.65), Azadirachta indica A. Juss. (APTI: 15.87 ± 0.21), and Moringa oleifera Lam. (APTI: 16.32 ± 0.66). 
F. benghalensis and F. religiosa were found to be excellent performers to mitigate air pollution at JCF as per their API score. 
Values of MAI, APTI, and API were observed to be lowest at reference sites for all the studied plant species due to absence of 
any air polluting sources. The findings revealed that air pollution played a significant impact in influencing the biochemical 
and physiological parameters of plants in a contaminated coal mining area. The species with the maximum MAI and APTI 
values might be employed in developing a green belt to minimize the levels of pollutants into the atmosphere.

Keywords  Plant species · Trace elements · Metal Accumulation Index (MAI) · Air Pollution Tolerance Index (APTI) · 
Anticipated Performance Index (API) · Green belt

Introduction

In recent years, air quality in metropolitan cities of devel-
oped nations has degraded significantly due to massive rise 
in vehicular transportation, fossil fuel combustion in indus-
tries, coal mining activities, and the loss of vegetation cover 
(Shrivastava et al. 2013; Pandey et al. 2014; Amegah and 
Agyei-Mensah 2017; Jena et al. 2019; Mondal et al. 2020). 
Vehicular emissions and mining activities are regarded as 
significant sources of air pollution such as particulate matter, 

CO, SOx, NOx, trace elements, and polycyclic aromatic 
hydrocarbons (PAHs) (Jena and Singh 2017; Mondal and 
Singh 2021a, 2021b). The exposure of those contaminants 
into the environment not only degrades the quality of the 
atmospheric air, but also poses danger to humans causing 
asthma, bronchitis, chronic obstructive pulmonary disease 
(COPD), cardiac arrest, ventricular fibrillation, lung cancer, 
and several other cardiovascular diseases (Pope 2002; IARC 
2016; Cadelis et al. 2014; Goudarzi et al. 2017; Al-hemoud 
et al. 2018; Pope et al. 2020).

In addition to this, numerous experts have investigated the 
negative impacts of air pollution on plants all over the world 
(Sadeghian and Mortazaienezhad 2012; Govindaraju et al. 
2012; Pandey et al. 2014; Zhang et al. 2016). As green belts are 
efficient means to mitigate air emissions by trapping particu-
late matter and capturing gaseous contaminants, environmental 
activists and policymakers therefore stressed the importance 
of a permanent green belt in and near urban areas, and along 
highways, to decrease the consequences of poisonous fine 
particulates (Sharma et al. 2017; Karmakar and Padhy 2019; 
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Alotaibi et al. 2020) and to use as bioindicator of air pollu-
tion (Gupta et al. 2011). Plants can eradicate air pollution by 
three mechanisms: leaf absorption, particulate accumulation 
on leaf surfaces, and particulate deposition on the leeward side 
of the leaf due to the wide surface area of the leaves, which 
acts as a sink (Prajapati and Tripathi 2008a, b; Roy et al. 2020; 
Javanmard et al. 2020). After penetration, the pollutants block 
the stomata and causes a decrease in the foliar pH due to the 
prevalence of sulfate (SO4

2-) and nitrate (NO3-) ion contents in 
the dust fall (Gupta et al. 2016). Leaves of plants serve as an 
environmental sink as they provide wide surface area for trap-
ping and accumulation of air pollutants (Rai 2016). Leaves are 
one of the most effective pollutant-trapping systems through 
absorption and diffusion of particulates and gaseous pollut-
ants (HF, SO2, NOx, and other trace elements) (Balasubrama-
nian et al. 2018). However, air pollutants, on the other hand, 
may have a negative impact on plant growth by affecting the 
biochemical parameters, photosynthetic activity, morphologi-
cal characteristics, and seed germination (Kaur and Nagpal 
2017). Many plants can adapt to the changing environments 
through adaptations in biochemical parameters, especially in 
chlorophyll, ascorbic acid, leaf pH, and relative water content. 
The changes in the above biochemical parameters can be taken 
into account in estimating the Air Pollution Tolerance Index 
(APTI) of plant species while classifying the plant species as 
sensitive, intermediate, or tolerant to air pollutants (Rai and 
Panda 2014a, b; Molnár et al. 2020).

The Air Pollution Tolerance Index (APTI) is regarded 
as an effective method for identifying bioindicator plants, 
which is calculated by four biochemical parameters such as 
ascorbic acid (AA), total chlorophyll content (TCH), leaf 
extract pH (pH), and relative water content (RWC) (Pandey 
et al. 2015; Kaur and Nagpal 2017). AA serves as a coen-
zyme in the metabolism of carbohydrates, fats, and proteins, 
as well as the production of nucleic acid in RNA, in photo-
synthetic activity, and growth of plants (Mazher et al. 2011). 
TCH, as one of the most important components of energy 
generation in green plants, clearly impacts plant health, 
which is greatly influenced by several environmental factors 
(Agbaire and Akporhonor 2014). RWC is a key determinant 
of plant protoplasmic permeability. As a result, plants with 
greater RWC levels could be more tolerant to air pollutants 
(Nayak et al. 2015). The pH of plants is strongly related to 
air pollution, particularly sulfur dioxide. Plants having lower 
pH seem to be more sensitive and with pH approaching 7 are 
more tolerant (Swami and Chauhan 2015).

Plants with higher APTI values are regarded as the most 
tolerant of polluted environments and are ideal for the estab-
lishment of green belts, while plants with lower APTI val-
ues are the most sensitive and serve as bioindicator species 
of air pollution (Roy et al. 2020). However, many studies 
have used a more comprehensive index called Anticipated 
Performance Index (API) which is used for quantifying 

environmental performance of plant species using APTI and 
socio-economic values of the specific plant species (Pandey 
et al. 2015) to indicate the suitability of plants for green belt 
development (Patel and Kumar 2018; Banerjee et al. 2021).

In recent times, Jharia Coalfield (JCF) is facing elevated 
levels of atmospheric pollution due to increased vehicular 
load, unscientific mining activities, loading and unloading 
of coal in the mines, lack of proper air pollution mitigation 
techniques, and loss of natural vegetation throughout the city 
of Dhanbad. This paper attempts to study the rate of bioac-
cumulation of trace elements (Cd, Cr, Fe, Mn, Zn, Ni, Pb, 
and Zn) on fifteen selected plant species at JCF using Metal 
Accumulation Index. Air Pollution Tolerance Index (APTI) 
and Anticipated Performance Index (API) were calculated 
to determine air pollution–tolerant plant species for devel-
oping efficient green belt in urbanized areas to improve the 
air quality for landscaping and urban planning (Kaur and 
Nagpal 2017; Sharma et al. 2019).

Materials and methods

Description of the study area

The present study was carried out at JCF, one of India’s 
largest coalfields, located in the heart of the Damodar River 
Valley, which encompasses an area of 450 m2 (Fig. 1). Drill-
ing, blasting, associated mining activities, mine fire, and 
vehicular load at the coal mines contribute significantly to 
a higher concentration of air pollutants around JCF. A total 
of nine locations were selected around the coal mining areas 
of JCF for sampling of leaves, viz., Tetulmari PS (S1), Loy-
abad PS (S2), Lodhna PS (S3), Kenduadih PS (S4), Basta-
colla Colliery (S5), Sijua Stadium (S6), Jogta 14 pit (S7), 
Katras (S8), and Kujama Colliery (S9). A reference site, 
IIT(ISM) Dhanbad (S10), was selected for comparing the 
biochemical and physiological changes that occur in vegeta-
tion community structure. Elevated concentration of primary 
air pollutants like PM10, PM2.5, SO2, and NOx (exceeds the 
permissible limit of National Ambient Air Quality Standard) 
was observed at JCF, as a result of which environmental 
quality gets deteriorated. The concentration of particulate 
matter appears highest during winter owing to lower wind 
speed (on average 3 km/h), lower temperature (on average 
17 ̊C), and lower pollutant scattering, while it remains lowest 
throughout post-monsoon owing to higher moisture content 
and rainfall during the monsoon season (Mondal et al. 2020).

Selection of plant species

Leaf samples of fifteen plant species, namely, Ficus 
religiosa L. (P1), Mangifera indica L. (P2), Alstonia 
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scholaris (L.) R. Br. (P3), Azadirachta indica A. Juss. 
(P4), Moringa oleifera Lam. (P5), Ficus benghalensis 
L. (P6), Carica papaya L. (P7), Psidium guajava L. 
(P8), Ziziphus jujuba Mill. (P9), Hibiscus rosa sinen-
sis L. (P10), Lantana indica Roxb. (P11), Bougainvillea 
spectabilis Willd. (P12), Rosa indica L. (P13), Calotro-
pis gigantea (L.) W.T. Aiton (P14), and Catharanthus 
roseus (L.) G. Don. (P15), were collected during Janu-
ary 2019 to January 2020 by ensuring rainfall and tem-
perature conditions. These fifteen species are found at 
both the study area, i.e., the coal mining areas of JCF 
and reference site, IIT(ISM) Dhanbad. Using polyethyl-
ene gloves and stainless steel scissors, samples of fully 
grown (mature) leaves were obtained in three replicates 
from different sides of the individual plant species (Alo-
taibi et al. 2020). The samples were then instantly car-
ried to the lab in a heatproof box and washed with tap 
water and distilled water and stored at − 20 °C for further 
analysis.

Experimental analysis

Leaf area measurement

Fully mature fresh leaves after collection from the plant spe-
cies were cleansed delicately. The estimated leaf area (cm2) of 
ten leaves per tree was calculated in triplicate with a leaf area 
meter, as explained by Leghari and Zaidi (2013).

Analysis of trace elements

The crushed leaf samples were steeped in a 5:1:1 mixture of 
tri acids, namely, HNO3, HClO4, and H2SO4, using the method 
of Allen et al. (1986). The blank was also prepared without the 
sample. The trace elements (Fe, Mn, Cu, Zn, Cd, Cr, and Pb) 
were estimated using Atomic Absorption Spectroscopy (GBC, 
Model Avanta).

Calculation of Metal Accumulation Index (MAI)

To optimize the relative performance of the plants in terms 
of metal accumulation, the Metal Accumulation Index (MAI) 
was formulated as follows:

where N is the total number of metals analyzed and Ij = 
x/dx is the sub-index for variable j, obtained by dividing the 
mean value (x) of each metal by its standard deviation (dx) 
(Liu et al. 2007).

Quality control and assurance

Glassware was immersed in 30% HCL and thoroughly 
cleaned with deionized water, followed by a precision and 
accuracy recovery investigation. Reagents used were of 
analytical grade. All tests were performed in triplicate, and 

MAI =

(

1

n)

)

+
∑N

j=1
Ij

Fig. 1   Map of study area depict-
ing monitoring locations
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the findings given are the average. For each trace element, 
the analytical accuracy was more than 5%, as measured by 
the relative standard deviation (RSD). The analytical accu-
racy and repeated sample analysis error for replicate sam-
ples were both within acceptable ranges. The percentage of 
recovery varied from 91.8to 97.2 percent.

Estimation of pH of leaf extract

Leaf samples of 0.25gms were homogenized in 10 ml dou-
ble distilled water and centrifuged at 5000 rpm for 5 min, 
and the pH content of the leaf extract is estimated from the 
supernatant using pH meter (Karmakar and Padhy 2019).

Estimation of total chlorophyll content (TCH) of leaf extract

The total chlorophyll content of the leaf extract was esti-
mated using the method introduced by Arnon (1949). Leaf 
samples of 0.25gms were crushed and homogenized with 10 
ml of 80% acetone and centrifuged at 5000 rpm for 5 min. 
The supernatant was volume makeup up to 25 ml was done 
with 80% acetone. The optical density of the leaf extract was 
calculated at 645 nm and 663 nm using a UV-visible spec-
trophotometer. The total chlorophyll content (mg/g) of the 
leaves was calculated according to the following formulae:

Estimation of relative water content (RCH) of leaves

RCH of leaf samples were calculated by the given formula, 
explained by Henson et al. (1981).

Fresh leaves after taking to the laboratory were washed 
properly with distilled water. After removing excess water, 
fresh weights of the leaves are taken. After that, turgid 
weights of the leaves were taken by immersing them in dis-
tilled water overnight. Then, the leaves were blotted and 
dried at 115 °C for 2 h, to calculate the dry weight

Estimation of ascorbic acid content (AA) of leaf extract

Ascorbic acid content of the leaf samples was estimated 
using the method explained by Keller and Schwager (1977). 
Fresh leaves were homogenized with a mixture of oxalic 

Chlorophyll a (mg∕g) = 12.7 × A663 − 2.69 × A645

Chlorophyll b (mg∕g) = 22.9 × A645 − 4.68 × A643

Total Chlorophyll Content (mg∕g) = 20.2 × A645 + 8.02 × A663

RCH =
freshweight − dryweight

turgidweight − dryweight
× 100

acid and EDTA, and the supernatant was collected. Titration 
was then done with 2,6-dichlorophenol indophenol until the 
solution turns pink. The optical density of the solution was 
measured at 520 nm before (Es) and after adding one drop 
of ascorbic acid to the solution (Et). At the same time, the 
optical density of 2,6-dichlorophenol indophenol was also 
measured at the same wavelength (Eo). The concentration 
of ascorbic acid was calculated by the given formula after 
preparing a standard curve with the same method.

where W = weight of the fresh leaves, V = total volume of 
the mixture, and the value of [Eo – (Es – Et)] was evaluated 
by the standard curve.

Calculation of Air Pollution Tolerance Index (APTI)

APTI was calculated by the following equation, as explained 
by Singh and Rao (1983).

where A = ascorbic acid content of the leaves, T = total 
chlorophyll content, P = pH of leaf extract, and R = relative 
water content.

Calculation of Anticipated Performance Index (API)

API determines the performance of plant species, with 
respect to APTI values, and different biological attributes 
of the plant species like plant habitat, plant type, leaf size, 
canopy structure, and structure of laminar and economic 
values (Supplementary Table 1). Each plant is assigned a 
grade (+ or −) based on these characteristics, and they are 
scored (%) accordingly. Apart from that, plant species classi-
fication was done using the API score, which was calculated 
using the formula:

According to Govindaraju et al. (2012), plants with API 
score (%) ≤ 30 and 0 grade are classified under “not recom-
mended” category, whereas plants with API score (%) 31–40 
and grade 1 are categorized under “very poor” category. 
Similarly, plants scoring API (%) within 41–50 and grade 2 
are categorized under “poor” category, and plants with API 
score (%) within 51–60 and grade 3 are categorized under 
“moderate” category. API score (%) of grade 4 is equal to 
61–70, plants falling within this range come under “good” 
category, API (%) of grade 5 is equal to 71–80 and category 

AA (mg∕g) = [Eo − (Es − Et)] ×
V

W
× 1000

APTI =
A(T + P) + R

10

API =
No.of (+)obtainedbyanytreespecies

MaximumpossibleNo.of (+)anyplantspeciescanobtain
× 100
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of “very good,” API (%) of grade 6 is equal to 81–90 and 
category of “excellent,” and API (%) of grade7 is equal to 
91–100 and comes under “best” category (Supplementary 
Table 2).

Results and discussion

Leaf area reduction

Figure 2 depicted the % of reduction change in affected leaf 
area (cm2) for leaves of selected plant species in the coal 
mining areas of JCF when compared with the reference 
site, IIT(ISM) Dhanbad. Leaves from the sampling sites 
were significantly smaller than the leaves of the reference 
site, indicating significant influence of atmospheric 
pollutants on the growth of plants. Among all the studied 
plant species, the lowest leaf area reduction was observed 
for F. benghalensis (10.56%), while the highest reduction 
was observed for C. roseus (34.12%). Similar findings 
like reduction in leaf area were also observed at Riyadh 
City, Saudi Arabia, for Ziziphus spina-christi and Prosopis 
juliflora (Alotaibi et  al. 2020), indicating a significant 
impact of air pollutants on the leaf growth of sensitive 
species. Decreased leaf surface and lowered photosynthetic 
activity were caused due to absorbance of atmospheric 
radiation resulting in decreased stomatal conductance, 
and chlorophyll content (Honour et al. 2009; Tiwari et al. 
2006).

Concentration of heavy metal within the leaves

Mean concentration of trace elements along with their stand-
ard error is depicted in Table 1. Among all other metals, Mn 
and Fe concentrations were greater in the leaves of all the 
fifteen plants studied. It has been identified that plant foliage 
in the plant species of Jharia Coalfield (JCF) was richer in 
Fe, Mn, and Pb than Cd, Cr, Cu, and Zn. All the studied trace 
elements were observed higher at JCF than the reference site 

in the order of Mn >Fe > Pb >Cu > Cr >Zn > Cd. Two-way 
ANOVA revealed a statistically significant difference (p < 
0.05) in all the seven trace element concentrations between 
JCF and reference sites for the studied plant species.

The concentration of trace elements in plant leaves 
varies depending on the plant type and specific location. 
Metal absorption and accumulation by plant species are 
affected by a variety of characteristics, including species, 
metal present, and ecotype. Specimens of the same 
ecotype that live in the same region might sometimes act 
differently. Thus, in the study of polymetallic pollution, 
studies of the entire plant communities in the polluted 
region are more trustworthy than utilizing a single species 
representative (Karmakar and Padhy 2019). Reference 
values are required for interpreting the field data and 
the assessment of pollution (Remon et  al. 2013). The 
International Commission on Radiological Protection 
(ICRP) developed the term “Reference Man,” which has 
been adopted to assess the human body’s exposure to 
radiation via extrinsic or intrinsic origins (Markert 1992). 
In the same way, “Reference Plant” represents the average 
concentration of the inorganic elements present in plants. 
As per Markert (1992), the preceding values might be 
regarded for concentration of trace elements present in 
plants from an unpolluted environment: 0.05 mg/kg for 
Cd, 1.50 mg/kg for Cr, 10mg/kg for Cu, 150mg/kg for Fe, 
200mg/kg for Mn, 1mg/kg for Pb, and 50 mg/kg for Zn.

Trace elements were emitted into the urbanized 
environment directly or indirectly by coal mine fire 
and other mining activity (Dubey et al. 2012; Roy et al. 
2019). The primary causes of Cd and Cr in polluted air 
at JCF include spontaneous combustion of coal seams in 
the mines and adjacent coal-fired power plants (Mondal 
et al. 2020), traffic congestion, and burning of fossil 
fuels (Gope et al. 2017). Mn, Cu, and Zn were released 
into the atmosphere due to mining activities like 
drilling, blasting, and substantial transportation load at 
the mining sectors (Liu et al. 2016; Pang et al. 2016). 
Re-suspension of Pb-rich dust from heavy vehicles in the 

Fig. 2   Reduction in leaf area 
(cm2) of studied plant species 
of JCF when compared with the 
reference site
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mining areas of JCF was the major reason for a higher 
concentration of Pb in the environment, whereas Fe (one 
of the crustal element) was emitted into the atmosphere 
due to the mining of coal at the sampling sites of JCF 
(Mondal and Singh 2021a, b).

Similarly, in a study done at Oleśnica, Poland, a higher 
concentration of Fe (92mg/kg) and Mn (146mg/kg) was 
reported for plant species Robinia pseudoacacia (Samecka-
Cymerman et al. 2009). Likewise, Nadgórska-Socha et al. 
(2017) also observed higher concentrations of Pb, Fe, and 
Mn in the leaves of B. pendula (16.02mg/kg) and R. pseu-
doacacia (11.08mg/kg). Contrastingly, Hu et al. (2014) 
observed a much lower concentration of Cr than that found 
during the present study for certain plant species like Ailan-
thus altissima (0.24mg/kg), Salix matsudana var. matsudana 
(0.22mg/kg), Picea asperata (0.21mg/kg), Robinia pseu-
doacacia (0.09mg/kg), and Ulmus pumila (0.12mg/kg) in 
Yan'an, China.

Metal Accumulation Index (MAI)

The Metal Accumulation Index (MAI) is a standardized 
method used to measure the heavy metal accumulating 
efficiency in plants (Hu et al. 2014; Khalid et al. 2019) and 
is presented in Table 2. The index is governed by a range of 
parameters, including local air quality, microclimate, sample 
altitude (tree), sampling time, and plant features (Hu et al. 
2014). In the present study, the MAI value was highest in 
F. benghalensis (12.67) at JCF followed by F. religiosa 
(10.71 mg/kg), M. indica (7.32 mg/kg), A. scholaris (7.10 
mg/kg), A. indica (6.74 mg/kg), and M. oleifera (6.58 mg/
kg) whereas lower MAI values were reported for C. roseus 
(5.29mg/kg) and C. gigantea (5.40mg/kg). Similarly, 
Roy et al. (2020) also reported higher MAI values for F. 
benghalensis and F. religiosa at Jharkhand indicating their 
higher metal accumulating capacity. The plant species 
with higher MAI values act as good phyto-extractors and 

Table 1   Concentration of trace elements (mg/kg) in leaves of the studied plant species (± standard error) with their respective MAI

Plant species Sites Cd Cr Cu Fe Mn Pb Zn MAI

P1 JCF 2.12 ± 0.34 4.75± 0.21 4.81 ± 0.12 53.25 ± 0.43 160.34 ± 4.65 34.65 ± 1.62 2.87 ± 0.45 10.71
R 0.65 ± 0.07 2.41 ± 0.13 1.14 ± 0.26 8.29 ± 0.21 15.32 ± 1.32 4.66 ± 0.61 1.60 ± 0.10 5.67

P2 JCF 2.03 ± 0.51 4.56± 0.17 4.62 ± 0.53 48.23 ± 0.54 155.89 ± 2.17 31.54 ± 2.21 2.56 ± 0.88 7.32
R 0.58 ± 0.03 2.23 ± 0.09 1.03 ± 0.12 8.14 ± 0.15 13.56 ± 1.23 4.31 ± 0.33 1.53 ± 0.21 5.55

P3 JCF 2. 01 ± 0.31 4.64 ± 0.36 4.76 ± 0.42 46.43 ± 0.66 148.32 ± 3.87 30.68 ± 1.78 2.42 ± 0.62 7.10
R 0.55 ± 0.04 2.12 ± 0.06 0.87 ± 0.06 7.88 ± 0.08 12.43 ± 1.55 4.18 ± 0.42 1.48 ± 0.15 5.32

P4 JCF 1.78 ± 0.45 4.20 ± 0.18 4.55 ± 0.67 41.74 ± 0.63 145.56 ± 4.90 28.32 ± 1.53 2.31 ± 0.55 6.74
R 0.45 ± 0.03 2.08 ± 0.04 0.74 ± 0.27 7.65 ± 0.11 11.32 ± 1.38 3.86 ± 0.56 1.36 ± 0.09 4.65

P5 JCF 1.98 ± 0.76 4.34 ± 0.54 4.37 ± 0.72 38.65 ± 0.55 139.38 ± 4.44 25.30 ± 1.66 2.23 ± 0.45 6.58
R 0.52 ± 0.07 2.14 ± 0.04 0.66 ± 0.26 7.53 ± 0.07 10.53 ± 1.76 3.77 ± 0.87 1.33 ± 0.27 4.52

P6 JCF 2.38 ± 0.47 5.11± 0.43 5.43 ± 0.98 61.48 ± 0.87 173.65 ± 4.75 38.89 ± 2.19 3.15 ± 0.38 12.67
R 0.76 ± 0.04 2.54 ± 0.17 1.32 ± 0.05 10.54 ± 0.05 20.54 ± 1.60 5.11 ± 0.24 1.87 ± 0.22 7.44

P7 JCF 1.45 ± 0.21 3.89 ± 0.67 4.21 ± 0.65 42.54 ± 0.43 135.98 ± 3.26 23.15 ± 2.59 2.15 ± 0.96 6.31
R 0.40 ± 0.06 2.21± 0.08 0.52 ± 0.07 7.44 ± 0. 32 10.23 ± 1.57 3.62 ± 0.58 1.63 ± 0.35 4.25

P8 JCF 1.41 ± 0.87 3.75 ± 0.55 4.17 ± 0.61 36.12 ± 0.93 130.76 ± 3.55 20.38 ± 1.44 2.08 ± 0.82 6.17
R 0.38 ± 0.03 1.87 ± 0.19 0.43 ± 0.08 7.37 ± 0. 32 9.88 ± 1.41 3.54 ± 0.49 1.52 ± 0.08 4.10

P9 JCF 1.21 ± 0.76 3.68 ± 0.47 4.12 ± 0.48 35.19 ± 0. 65 127.54 ± 4.60 18.53 ± 1.65 1.9 ± 0.73 6.02
R 0.34 ± 0.05 1.77 ± 0.11 0.40 ± 0.07 7.28 ± 0. 27 9.67 ± 1.86 3.46 ± 0.36 1.44 ± 0.03 3.90

P10 JCF 1.20 ± 0.43 3.57 ± 0.77 4.04 ± 0.41 32.40 ± 0. 84 120.11 ± 3.83 16.73 ± 1.37 1.84 ± 0.44 5.85
R 0.30 ± 0.04 1.85 ± 0.14 0.35 ± 0.09 7.15 ± 0. 30 9.43 ± 1.70 3.35 ± 0.38 1.31 ± 0.04 3.76

P11 JCF 1.37 ± 0.55 3.46 ± 0.43 3.87 ± 0.52 31.15 ± 0.88 114.43 ± 4.59 14.78 ± 2.14 1.80 ± 0.59 5.71
R 0.47 ± 0.02 1.65 ± 0.07 0.33 ± 0.11 6.88 ± 0.06 9.12 ± 1.64 3.22 ± 0.27 1.24 ± 0.19 3.68

P12 JCF 1.11 ± 0.42 3.38 ± 0.87 3.74 ± 0.66 30.67 ± 0.69 109.43 ± 3.83 13.11 ± 1.86 1.74 ± 0.64 5.63
R 0.25 ± 0.05 1.52 ± 0.05 0.42 ± 0.15 6.54 ± 0.16 8.87 ± 1.60 3.15 ± 0.34 1.18 ± 0.08 3.59

P13 JCF 1.08 ± 0.87 3.29 ± 0.58 3.59 ± 0.59 27.13 ± 0.59 105.78 ± 4.72 11.98 ± 1.74 1.66 ± 0.72 5.52
R 0.21 ± 0.04 1.46 ± 0.05 0.25 ± 0.17 6.32 ± 0.12 8.65 ± 1.51 2.88 ± 0.55 1.15 ± 0.16 3.47

P14 JCF 1.03 ± 0.12 3.12 ± 0.49 3.32 ± 0.47 25.78 ± 0.72 104.17 ± 4.13 10.65 ± 1.83 1.52 ± 0.36 5.40
R 0.20 ± 0.07 1.23 ± 0.16 0.22 ± 0.20 6.10 ± 0.27 8.43 ± 1.40 2.62 ± 0.88 1.12± 0.09 3.33

P15 JCF 1.03 ± 0.06 2.78 ± 0.60 3.14 ± 0.51 22.90 ± 0.63 102.85 ± 4.28 8.43 ± 1.25 1.47 ± 0.42 5.29
R 0.18 ± 0.04 1.15 ± 0.04 0.20 ± 0.25 5.34 ± 0.37 7.66 ± 1.53 2.53 ± 0.31 1.10 ± 0.06 3.04
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therefore may be used as barriers between polluted and 
vulnerable areas (Hu et al. 2014).

pH

Variability in pH values was noted among species (Table 2), 
which signifies the differences in responses among each 
plant species for a particular pollutant in a polluted envi-
ronment (Kaur and Nagpal 2017). Comparison in pH values 
was estimated between the coal mining areas of JCF and 
the reference site. The values of pH at reference sites were 
significantly lower than the sites at coal mining areas of JCF 
for all the plant species. pH values of all the plant species 
at JCF ranged between 5.00 and 9.00, with the lowest value 
observed for C. roseus (5.07 ± 0.43), whereas the highest 
value was observed for F. religiosa (8.68 ± 0.43). Similarly, 
higher pH values for plant species were also observed by 
Govindaraju et al. (2012) (8.49; Ficus benjamina), as well as 

by Karmakar and Padhy (2019) (6.31; Azadirachta indica). 
In the study area, higher pH values of F. religiosa (8.68), F. 
benghalensis (8.60), A. scholaris (7.85), C. papaya (6.76), 
M. oleifera (6.60), and A. indica (6.50), indicated more tol-
erance towards air pollution even in a polluted atmosphere. 
However, plants with lower pH values are adversely affected 
by air pollution due to their higher stomatal sensitivity 
(Dhankar et al. 2015).

Relative water content (%)

The results obtained revealed that the values of RWC 
(as a percentage) varied across 15 different plant species 
(Table 2), the highest being observed at the reference site 
when compared to the sites of JCF. Among all the species, 
RWC was found to be highest for F. benghalensis and low-
est for C. roseus at sites of JCF and reference, respectively. 
Apart from these, RWC of plants like F. religiosa, M. indica, 

Table 2   Mean value of 
biochemical parameters 
(relative water content, pH, total 
chlorophyll, ascorbic acid) with 
APTI of studied plant species at 
the sampling locations of JCF 
as well as reference site

Plant species Sites Relative 
water content 
(%)

pH Total 
chlorophyll 
(mg/g)

Ascorbic acid (mg/g) APTI

P1 JCF 92 ± 2.45 8.68 ± 0.43 2.54 ± 0.31 12.32 ± 0.54 23.02 ± 0.21
R 95 ± 3.06 7.09 ± 0.29 2.87 ± 0.26 5.86 ± 0.62 15.34 ± 0.37

P2 JCF 90 ± 3.56 6.35 ± 0.54 2.32 ± 0.24 9.08 ± 0.23 16.88 ± 0.65
R 92 ± 1.36 5.34 ± 0.28 2.65 ± 0.37 4.45 ± 0.33 12.76 ± 0.26

P3 JCF 89 ± 3.23 7.85 ± 0.42 2.42 ± 0.15 9.34 ± 0.28 18.50 ± 0.43
R 90 ± 2.67 5.87 ± 0.43 2.77 ± 0.11 5.26 ± 0.17 13.55 ± 0.32

P4 JCF 85 ± 3.12 6.50 ± 0.43 2.35 ± 0.27 8.32 ± 0.43 15.87 ± 0.21
R 89 ± 2.85 5.06 ± 0.43 2.50 ± 0.36 4.21 ± 0.14 12.09 ± 0.87

P5 JCF 86 ± 2.22 6.6 ± 0.43 2.41 ± 0.86 8.56 ± 0.56 16.32 ± 0.66
R 88 ± 1.87 5.54 ± 0.43 2.66 ± 0.72 4.87 ± 0.15 12.80 ± 0.54

P6 JCF 93 ± 2.14 8.60 ± 0.43 2.67 ± 0.42 14.11 ± 0.32 25.21 ± 0.95
R 96 ± 2.37 7.00 ± 0.43 2.94 ± 0.36 6.08 ± 0.11 15.65 ± 0.43

P7 JCF 81 ± 2.49 6.76 ± 0.43 1.57 ± 0.64 7.98 ± 0.67 14.75 ± 0.76
R 86 ± 3.28 5.56 ± 0.43 1.71 ± 0.90 3.87 ± 0.21 11.42 ± 0.23

P8 JCF 84 ± 1.89 6.25 ± 0.43 1.65 ± 0.22 8.09 ± 0.78 14.80 ± 0.54
R 87 ± 2.12 5.76 ± 0.48 1.79 ± 0.43 4.03 ± 0.32 11.75 ± 0.36

P9 JCF 81 ± 2.38 5.80 ± 0.43 1.42 ± 0.37 7.78 ± 0.95 13.72 ± 0.22
R 85 ± 2.91 5.07 ± 0.43 1.56 ± 0.54 3.65 ± 0.25 10.92 ± 0.50

P10 JCF 78 ± 2.17 6.78 ± 0.43 1.35 ± 0.89 7.64 ± 0.54 14.02 ± 0.44
R 83 ± 2.28 5.23 ± 0.43 1.48 ± 0.52 3.45 ± 0.31 10.62 ± 0.59

P11 JCF 85 ± 2.08 7.00 ± 0.43 2.30 ± 0.61 9.56 ± 0.42 17.40 ± 0.21
R 89 ± 2.64 6.67 ± 0.43 2.54 ± 0.52 5.05 ± 0.22 13.56 ± 0.65

P12 JCF 87 ± 3.44 7.13 ± 0.43 2.43 ± 0.87 8.78 ± 0.65 17.10 ± 0.73
R 90 ± 2.86 6.87 ± 0.43 2.61 ± 0.22 4.76 ± 0.39 13.52 ± 0.71

P13 JCF 78 ± 3.76 5.23 ± 0.43 1.28 ± 0.43 7.52 ± 0.54 12.70 ± 0.21
R 80 ± 2.90 5.07 ± 0.43 1.46 ± 0.33 3.32 ± 0.12 10.17 ± 0.54

P14 JCF 77 ± 2.43 5.65 ± 0.43 1.19 ± 0.31 6.09 ± 0.32 11.87 ± 0.34
R 81 ± 2.45 5.43 ± 0.43 1.33 ± 0.30 2.67 ± 0.16 9.91 ± 0.49

P15 JCF 80 ± 2.66 5.07 ± 0.43 1.08 ± 0.21 5.89 ± 0.52 11.63 ± 0.87
R 82 ± 2.70 5.02 ± 0.43 1.25 ± 0.11 2.14 ± 0.22 9.17 ± 0.32
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A. scholaris, and M. oleifera were found to be above 90% in 
the study area. Leaf water content is responsible for growth, 
transpiration, respiration, and maintenance of physiological 
balance (Dhankhar et al. 2015; Kaur and Nagpal 2017); as 
a result, higher RWC enhance the resistivity of the plants 
during drought (Geravandi et al. 2011). As RWC is directly 
related to protoplasmic permeability, a higher proportion 
of RWC in plants improves resistance and enables the plant 
more tolerant of stress caused by polluted air (Jyothi and 
Jaya 2010; Gupta et al. 2016). Similar findings were also 
observed in previous studies including those of Krishnaveni 
(2018) and Rathore et al. (2018).

Total chlorophyll content

The variation in chlorophyll content of leaves of 15 different 
plant species at the sites of JCF and the reference is depicted 
in Table 2. The chlorophyll content of leaves observed in the 
plants of reference site was found to be much higher than the 
sites of JCF for all the studied plant species. The findings of 
this study were consistent with the findings of a recent study 
done by Alotaibi et al. (2020), who reported that the TCH 
contents of five plant species (A. lebbeck, E. camaldulensis, 
F. altissima, P. juliflora, and Z. spinachristi) decreased as 
the concentration of pollution increased. Gaseous pollut-
ants (SO2, NO2, and particulate matter), high temperature, 
drought, particulate matter deposition, and soil pollution 
can all lower chlorophyll concentration in plants (Karma-
kar et al. 2016). Chlorophyll, present in leaves, trap sunlight 
from the atmosphere and convert it into chemical energy. A 
decrease in TCH content is related to accumulation of par-
ticulate matter in the leaf surface, which ultimately leads to 
blockage of stomatal pores and decrease in photosynthetic 
productivity (Rai 2016).

Ascorbic acid content

Significant variation in ascorbic acid content was observed 
among the studied plant species at JCF and reference sites 
(Table 2). Higher ascorbic acid content was observed at 
the sites of JCF when compared with reference site. From 
the results, it is observed that F. benghalensis showed the 
highest ascorbic acid content (14.11 ± 0.32), followed by F. 
religiosa (12.32 ± 0.54), L. indica (9.56 ± 0.42), A. schola-
ris (9.34 ± 0.28), and M. indica (9.08 ± 0.23), whereas the 
lowest was found for C. roseus (5.89 ± 0.52) and C. gigantea 
(6.09 ± 0.32). The higher ascorbic acid content recorded in 
leaves of polluted locations showed the tolerance of plant 
species to their developing environment’s heightened air pol-
lution levels (Zhang et al. 2016; Yadav and Pandey 2020). 
Similarly, a study conducted at Riyadh City, Saudi Arabia, 
by Alotaibi et al. (2020) identified higher ascorbic acid con-
tent for Ziziphus. spinachristi (84.6mg/g), Albizia. lebbeck 

(47mg/g), Eucalyptus camaldulensis (29.1mg/g), Ficus 
altissima (24.8mg/g), and Prosopis. juliflora (16mg/g) due 
to elevated environmental stress (sites adjacent to cement 
factory). According to Palit et al. (2013), in stressful envi-
ronmental conditions, ascorbic acid acts as a strong, low-
molecular-weight antioxidant and maintains the integrity of 
cell division as well as cell membranes in plants. Further-
more, ascorbic acid can mitigate the detrimental effects of 
air pollution; hence, it serves an important role in establish-
ing plant tolerance to air pollution.

Air Pollution Tolerance Index (APTI)

Four biochemical parameters, viz., total chlorophyll, pH, 
ascorbic acid, and relative water content, were used to cal-
culate the APTI of an individual plant species (Table 2). 
APTI investigates the vulnerability of particular plant 
species to air pollution (Singh et al. 1991). Higher values 
of APTI of the plant species were found at sites of JCF, 
whereas lower APTI values were found at the reference 
site. This finding is confirmed by equivalent research 
published in the literature (Karmakar and Padhy 2019). 
The potential of a plant species to withstand air pollution 
may be assessed using the APTI. Plants having a higher 
APTI value are regarded tolerant to air pollution and may 
be utilized to reduce pollution levels. The species with a 
lower index (sensitive species) on the other hand might 
be utilized as an indicator of air pollution (Singh and Rao 
1983). According to the values of APTI, in the present 
study, F. benghalensis (25.21 ± 0.95) was found to be the 
most tolerant, followed by F. religiosa (23.02 ± 0.21). 
Similar findings were also reported at various cities in 
India by Yadav and Pandey (2020) (Bathinda City, Pun-
jab), Roy and Bhattacharya (2020) (Dhanbad and Bokaro 
City, Jharkhand), Sahu et al. (2020) (Sambalpur, Odisha), 
Rai and Panda (2014a, b) (Aizawl, Mizoram), Prajapati 
and Tripathi (2008a, b) (Varanasi, Uttar Pradesh), and 
Mondal et al. (2011) (Burdwan, West Bengal) indicat-
ing high pollution tolerance of F. benghalensis and F. 
religiosa due to their higher APTI scores. Contrastingly, 
C. roseus (11.63 ± 0.87) and C. gigantea (11.87 ± 0.34) 
were found to be sensitive to air pollution due to their 
lower APTI scores.

As plants with high pollution tolerance can aid with 
pollutant accumulation, planting pollution-tolerant spe-
cies to preserve contaminated areas is a long-term solu-
tion to satisfy industrial and commercial expansion (Mok 
et al. 2013). Depending on the geographical region, lim-
ited volatile organic compound emission, least pollen 
production, and soil properties, the same plant species 
might react differently, such as being sensitive, interme-
diate, or tolerant (Raza et al. 1985; Beckett et al. 1998; 
Yang et al. 2005).
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Anticipated Performance Index (API)

Plants react differently to various contaminants. The clas-
sification of plants as tolerant or sensitive based on a sin-
gle parameter (such as total chlorophyll, leaf extract pH, 
ascorbic acid, or RWC) may not offer a clear perspective. 
As a result, calculating APTI based on those factors is more 
useful in determining the tolerance level of plant species 
(Ogunkunle et al. 2015; Nadgórska-Socha et al. 2017). How-
ever, APTI alone is insufficient for the selection of tolerant 
species required to establish a green belt. API is computed 
by combining APTI and biological and socioeconomic char-
acteristics. Table 3 shows the API values for the current 
study. The study identified F. religiosa and F. benghalensis 
as excellent performers on the basis of all parameters. Plant 
species like M. indica, A. scholaris, A. indica, and L. indica 
also exhibited good performance. Species that are not rec-
ommended for plantation at JCF due to their lower API 
score are R. indica and C. roseus. Similar findings were also 
reported by Govindaraju et al. (2012); Banerjee et al. (2018), 
and Roy et al. (2020), where they identified F. religiosa, 
F. benghalensis, M. indica, A. scholaris, A. indica, and L. 
indica as good performers for air pollution abatement at the 
polluted environment. Plants with API ratings of excellent, 
very good, or good are recommended for green belt devel-
opment. As a result, the combined effect of APTI and API 
is an important and useful tool for selecting suitable plants 
that may be used in the building of a green belt from the 
existing vegetation in the region. By supporting the growth 
of green belts in polluted regions, the ambient air quality of 
metropolitan areas can be considerably enhanced. Except 
for the study we performed, there is absolutely no similar 
study undertaken at JCF that has investigated this issue. As 
a result, more research on the plant species should be done 
to identify their various degrees of tolerance and sensitivity 
and their applicability in reducing air pollution.

Conclusions

As this study demonstrates, individual tree species react 
differently to air pollution. According to our findings, pol-
luted metropolitan areas led to a decrease in leaf area, total 
chlorophyll content, and leaf relative water content. As sug-
gested by the data, suitable tree species should be selected 
depending on their tolerance to pollution load and utiliz-
ing MAI, APTI, and API indicators. In the present study, 
the highest MAI values were observed for F. benghalensis 
(12.67mg/kg) at JCF followed by F. religiosa (10.71 mg/
kg), M. indica (7.32 mg/kg), A. scholaris (7.10 mg/kg), A. 
indica (6.74 mg/kg), and M. oleifera (6.58 mg/kg), indicat-
ing higher metal accumulating potential of the plants from 
the polluted atmosphere. Plants with lower APTI and API 

values (C. roseus and C. gigantea) act as sensitive species 
which can be used as a bioindicator, whereas plant species 
exhibiting higher APTI and API values (F. benghalensis, F. 
religiosa, M. indica, A. scholaris, A. indica, and M. oleifera) 
are tolerant to air pollution, which can be proposed for plant-
ing programs in polluted areas to reduce pollution levels. 
Significantly, the tolerant plant species can be implemented 
into a green belt design of Jharia Coalfield, to aid in the 
long-term control of air pollution effectively.
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