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Abstract 
Numerous natural and anthropogenic activities that release hazardous chemicals into the 
environment have the potential to harm both plants and people.The gradual alteration in the 
composition of the atmosphere over the past century is caused by increased fossil fuel combustion 
and industrialization. Heavy metals, respirable particulate matter (PM2.5 & PM10), volatile organic 
compounds (VOCs), nitrogen oxides (NOx), ozone (O3), sulphur dioxide (SO2), carbon monoxide 
(CO), ozone (O3), and other air pollutants all have different chemical compositions, reaction 
characteristics, emission times, and propensities to diffuse over long or short distances thus effect 
environment in different proportion. Air pollution also have have adverse effect on the health of 
living beings. Pollution has disastrous effects on the plants, animals and Human beings. Air pollution 
damage to plants has been analyzed since 125 years. Injuries to plants can be confused with disease 
symptoms from fungi, nematodes, termites, bacteria, nutritional deficiencies and toxicities, genetic 
disorders, temperature, water and salinity. The chapter focused on measuring and monitoring APTI 
and API in roadside and urban plants. These tools analyse plant pollution tolerance towards air 
pollution. The plant species which shows higher tolerance towardsair pollution, can be employed as 
a pollutant sink to control air pollution. High APTI and API plants are used to promote green belts 
and manage air pollution in cities and developed areas. Many plant species are tolerant of air 
pollution, making them excellent for industrial areas and roadsides. 
Keywords: Air pollution, APTI, API, Green-Belt development 
1. Introduction 

Air pollution is one of the most serious issues confronting the entire world. The emission of gases, 
chemicals, aerosols, or biological materials into the atmosphere that causes harm to living organisms 
or the environment is called air pollution. Pollutants that are  emitted directly from a source and enter 
the atmosphere are called primary pollutants. About 90% of air pollution is caused by five primary 
air  pollutants. The primary pollutants are as follows: 
1) Carbon-based compounds: CO, CO2, CH4, and VOCs. 



Pradeep Khyalia, 2022 Advanced Engineering Science 

 

1216 
 
 

2) Compounds of sulphur: H2S and SO2. 
3) Compounds of nitrogen: NO, N2O, and NH3. 
4) Halogens: Chlorides, fluorides, bromides. 
5) Particulate matters (PMs): PM10, PM 2.5, PM1. 

 When primary pollutants undergo chemical reactions, they are called secondary pollutants.  For 
Example: sulfuric acid, nitric acid and carbonic acid etc. These pollutants come in the atmosphere 
mainly through anthropogenic activities (Odilora et al., 2006; Talukdar et al., 2018). Secondary air 
pollutants are: 

1) HNO3 and NO2 from NO 
2) O3 from photochemical reactions of  NOx and VOCs. 
3) Formation of H2SO4 from the reaction between SO2 and HN03 from NO2. 
4) Formation of organic aerosol from VOCs in gas to particle reaction. 

Air pollution originates from industrialization, fortuitous urbanization, disquieting or frightening 
increase in vehicles fleet and population growth. (Agbaire and Esiefarienrhe, 2009; Odilara, 2006; 
Adamsab et al., 2011; Seyyednjad et al., 2011). Due to anthropogenic activities, including 
automotive traffic, road transportation, and factories, the world faces a major and alarming air 
pollution problem (Johan and Iqbal, 1992; Joshi et al., 2009). 

2. Analysis of Air Pollution Tolerance Index 

Plants monitor and maintain the ecological balance by actively cycling gases like CO2, O2, and by 
providing a large leaf area for impingement, absorption, and accumulation of pollutants to reduce air 
pollution in the air environment (Escobedo et al., 2008). After screening, green belt developers and 
planners can use pollution-tolerant species as biological indicators or monitors of air pollution to 
manage urban air pollution (Miria and Khan, 2013). The plants' ability to absorb and store toxins 
helps in reducing environmental pollution (Liu and Ding, 2008; Nowak et al., 2018). Environmental 
pollution causes functional weakness and structural simplicity in plants, which harms other biotic 
groups. Plant physiological and biochemical levels determine their air pollution resistance and 
susceptibility. 

The "Air pollution Tolerance Index" (APTI) is calculated by examining the biochemical properties 
of leaf components such as pH, ascorbic acid, relative water content (RWC), and total chlorophyll 
(Pandey and Sharma, 2003). A calibrated digital pH metre can be used to calculate the potential 
hydrogen ion concentration (pH) and Spectrophotometric for the estimation of total chlorophyll and 
ascorbic acid in leaf extract. The gravimetric approach can be used to estimate the relative water 
content by calculating the leaf weight under starting, turgid, and dry weight conditions. The four-
factor equation for calculating the "Air Pollution Tolerance Index" (APTI). 

APTI= A (T+P) +R/10 
Where P is the leaf extract's potential hydrogen ion concentration (pH), A is the ascorbic acid content 
(mg/g), T is the total chlorophyll content (mg/g/fresh weight), and R is the leaf extract's relative 
water content (per cent). 
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The Air Pollution Tolerance Index, as recommended by Raza and Murthy, has also been used to rate 
plant species based on their tolerance to air pollution (1988).The tolerance index for air pollution 
was divided into four categories: Tolerant (T or grade I), Moderately Tolerant (MT or grade II), 
Intermediate (I or grade III), and Sensitive (S or grade IV). The air pollution tolerance index values 
are obtained by calculating the mean air pollution tolerance index and its standard deviation for trees 
(Liu et al, 2008). The biochemical and physiological levels for the evaluation of air pollution 
tolerance index (APTI) are: total chlorophyll content (TCC), Relative water content (RWC), potential 
of hydrogen ion concentration, ascorbic acid and proline parameters. On the basis of these 
biochemical parameters, air pollution tolerance index could be determined for the plant species. 

2.1 Total chlorophyll content  

Chlorophyll a, Chlorophyll b, and other accessory pigments make up the total chlorophyll content. 
It gives the leaves their green colour and is the primary pigment for capturing sunlight and converting 
it to chemical energy. Chlorophyll content in plants indicates photosynthetic activity as well as 
biomass growth and development. It is obvious that the chlorophyll content varies with leaf age, 
pollution level as well as from species to species. The degradation of photosynthetic pigment can be 
used as an indicator for higher level of air pollution (Ninave, 2001). Mir et al. (2008) has also reported 
the reduction in photosynthetic pigment due to high levels of vehicular pollution. 

As a result of the air pollution load, stomata close, reducing the amount of available carbon dioxide 
in leaves and limiting carbon fixation. The net photosynthetic rate is frequently used to demonstrate 
how increased air pollution affects plant development. Plants absorb, gather, and integrate 
contaminants into their systems when exposed to air pollution on a regular basis. Depending on their 
level of sensitivity, plants can exhibit visible changes such as changes in metabolic processes or an 
accumulation of specific metabolites. When the leaves absorb pollutants, the photosynthetic 
pigments, namely chlorophyll and carotenoids, decrease, which harms plant productivity because 
any decrease in chlorophyll content affects plant growth ( Joshi and Swami, 2009). 

Traffic density, photosynthetic activity, leaf senescence, total chlorophyll concentration, and stomata 
conductance all have a relationship (Honour et al., 2009). The gradual loss of chlorophyll, 
accompanied by leaf yellowing, may reduce photosynthetic ability. When the level of pollution in 
the environment exceeds the physiologically appropriate tolerable range, the photosynthesis process 
in exposed plants becomes inactive. The accumulation of dispersed particulate matter on the leaves' 
surface could cause the  decreased chlorophyll content. This deposition also produces a shadowing 
effect, which can obstruct gaseous exchange by blocking stomata. As a result, the temperature of the 
leaf rises, potentially delaying chlorophyll synthesis. Air contaminants enter the tissues via the 
stomata and partially denature the chloroplasts. As a result, the amount of colour in polluted leaves' 
cells may decrease. However, Tripathi and Gautam's 2007 study found that the Mangifera indica leaf 
species increased its chlorophyll content by 12.8% when exposed to air pollution. 
 
2.2 Relative water content (RWC) 
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The relative water content of a plant can act as an measure of its water balance. The enormous amount 
of water (measured in RWC) in plant tissue helps to maintain its physiological equilibrium when it 
is under the stress of air pollution. Relative water content tells us about the plant's ability to hold 
moisture and how hydrated the leaf matrix is. (Dedio, 1975). When the relative water content is low, 
it indicates a change in the hydration status of the leaf matrix and will lead to more acidic 
circumstances. More water will dilute acidity. When under stress from air pollution, a sizable amount 
of water is kept in the plant's body to maintain its physiological equilibrium (Gonzalez et al., 2001). 
The loss of dissolved nutrients and water caused by cells' protoplasmic permeability, which is related 
to relative water content, causes leaves to sense earlier (Masuch et al., 1988). High relative water 
content plant species are consequently more tolerant to pollutants. Calotropis gigantea in the tannery 
area of the Dindigul town traffic area recorded the highest value of RWC, and Delonix regia exhibits 
the lowest value of relative water content. In a study at the Madri Industrial Area in Udaipur, 
Rajasthan, India, Santalum album was shown to have the highest relative water content (Mahecha 
G.S. et al., 2013). 
 
2.3 Potential of hydrogen ion concentration (pH) 
A change in the concentration of hydrogen ions in leaf extract due to air pollution may have an effect 
on stomatal sensitivity. Plants with high sensitivity to sulphur dioxide and nitrogen dioxide closed 
their stomata more quickly when exposed to pollutants (Swami et al., 2004).Both sensitive and 
somewhat tolerant plant species can tolerate hydrogen ion concentrations ranging from 4.4 to 8.8 
(Lakshmi et al., 2009). Plants are highly resistant to pollution due to the potential for hydrogen ion 
concentration in alkaline leaf extract (Agarwal and Tiwari, 1988). The efficiency of converting 
hexose sugar to ascorbic acid increases as the hydrogen ion potential increases (Escobedo, 2008). If 
the pollutants are acidic, the potential of hydrogen ions in the leaf is reduced, and the drop in the 
potential of hydrogen ions in sensitive species is greater, lowering the efficiency of converting 
hexose sugar to ascorbic acid. This suggests that pH and the reducing activity of ascorbic acid are 
interdependent (Scholtz and Reck, 1977). Air pollution causes changes in hydrogen ion concentration 
potential, which affects stomata activity (Larcher , 1995). Stomata close more quickly when exposed 
to air pollutants due to their high sensitivity to sulphur dioxide and nitrogen dioxide. According to 
Sarala et al., 2012, the potential hydrogen ion concentration of Moringa tinctoria and Calotropis 
gigantea leaf extracts at the tannery area was 7.20 and 8.52, respectively. In a study of numerous 
plant species in the vicinity of Nanded City, Maharashtra, India, the greatest potential of hydrogen 
ion concentration of the leaf extract of Ficus religiosa and Tamarindus indica was determined to be 
7.0 and 7.1, respectively (Yannawar et al., 2014). 
 
2.4 Ascorbic acid (AA) 
Ascorbic acid is regarded as strong reducing agent having a vital role in photosynthesis (carbon 
fixation). Its ability to concentrate and reduce are inextricably linked. The efficiency of hexose sugar 
conversion to ascorbic acid is improved by a high hydrogen ion potential related to pollution 
tolerance (Lui et al., 2008). During the photo-oxidation of SO3

2- to SO4
2-, reactive oxygen species 

(ROS) such as SO3²-, HSO3²-, OH- and O2
- are produced, where sulphites are produced from absorbed 

sulphur dioxide. The free radical produced, depending on the plant's dose and physiological state, 
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increases the production of free radical scavengers such as ascorbic acid, super oxide dismutase 
(SOD), and per-oxidase (Cheng et al., 2007). According to Tanee and Albert, the shrub Manihot 
esculenta had the highest ascorbic acid concentration (2012). Summer had the highest ascorbic acid 
content in shrub species (Lantana camara), followed by rainy and winter seasons (Das and Prasad, 
2010). 
The plants Anacardium occidentale (23.20), Pinus spp. (22.35), Mangifera indica (23.37), and 
Psidium guajava (24.15) were the most tolerant to air pollution, according to Enete et al. (2013). The 
majority of shrubs had higher air pollution tolerance indices than trees, indicating that shrubs are 
more tolerant of air pollution than trees. 2014 (Otuu et al.). Landscapers select plant species based 
on their tolerance to air pollution using the APTI, which has been used to determine plant species 
tolerance levels. (Yan, 2008). 
 
3. Air Pollution Tolerant Plant Species and Bioindicators 
Although plants are essential for ecological balance, air pollution can seriously impact them (Kumar 
and Nandini, 2013). Plants can be used as bio-indicators of air pollutants due to their diverse 
sensitivities, which include tolerant (no symptoms) and sensitive species (which display the 
symptoms if the pollutants increase even at tiny concentration). Plant-environment interactions have 
been studied internationally because plants are far more sensitive to air pollution than other creatures  
(Abbasi et al., 2004). Trees, shrubs, and herbs exposed to airborne pollution undergo physiological 
and biochemical changes before displaying obvious leaf damage (Dohmen et al., 1990). An easy 
method for monitoring how plants react to air pollution can be used, and preventative measures can 
also be applied. Planting tolerant tree species can have a significant impact on the quality of life and 
cleanliness of the urban environment  (Bamniya et al., 2011). The plants Anacardium occidentale 
(23.20), Pinus spp. (22.35), Mangifera indica (23.37), and Psidium guajava were the most tolerant to 
air pollution, according to Enete et al. 2013 (24.15). The majority of shrubs had higher air pollution 
tolerance indices than trees, indicating that shrubs are more tolerant of air pollution than trees. 2014 
(Otuu et al.). Landscapers select plant species based on their tolerance to air pollution using the APTI, 
which has been used to determine plant species tolerance levels. (Yan, 2008). 

4. Anticipated Performance Index (API) of Plant Species  
When plant species are planted in industrial urban areas, their socioeconomic and biological 
characteristics, such as the air pollution tolerance index (APTI), canopy structure, plant habit, 
laminar structure, plant type, and economic value, are examined. These parameters are graded on a 
scale to assess the expected performance of various plant species (Singh and Rao, 1983). The 
projected performance index must be evaluated before selecting the appropriate plant species. The 
plants can be best evaluated and used in green belt plantations in terms of reducing air pollution. 
Planting trees and plants is an effective and widely accepted method of reducing pollution and 
improving the environment. The regional extent of pollution load, rainfall, temperature, human 
interactions, and soil quality will all significantly impact the selection of plant species for the 
formation of the green belt. Mangiera indica is the best plant for protecting against air pollution, 
according to Tiwari and co-authors (1991). The monoculture for green belt development is not 
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recommended due to its numerous environmental constraints and other climatic conditions.  
 
5. Conclusion 

One of the major issues facing the world today is air pollution. In particular, twigs, stems, leaves, 
and other aerial components can be used by plants to filter the air. The best method for reducing air 
pollution is to implement a reforestation programme. The ability of trees to reduce pollution issues, 
which are currently of great concern in metropolitan areas, is known as the air pollution tolerance 
index (APTI). While trees with a lower APTI can be used as an indicators to determine the level of 
air pollution, those with a higher APTI are tolerant of air pollution and can be used in green belt 
development to reduce air pollution. The Anticipated Performance Index is created by combining 
biochemical and aggregate elements, and it is also useful for the establishment of green belts. To 
address the issue of air pollution, it is crucial to choose the appropriate plant species. Therefore, the 
choice should always be based on the plantation's purpose and area. A thorough analysis of a plant 
species for planting according to the needs of the location can truly resolve many air quality problems 
specific to that place. 
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