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ABSTRACT 
Selection of plant species that tolerant to air pollutants and also that sensitive to air pollutants 
has a significant impact in determination and reclamation of air pollution. Urban air pollutants 
like particulate matter, sulfur dioxide, nitrogen oxides, ozone etc can harm the plants. It can 
absorbs through stomata and affects adversely its biochemical constituents and physiological 
process.The variation in biochemical parameters in the leaves can be used as indicators of air 
pollution for early diagnosis of stress or as a marker for physiological damage prior to the onset 
of visible injury symptoms. In this study examined four physiological and biochemical 
parameters, viz., leaf Relative Water Content (RWC), Ascorbic Acid content (AA), Total leaf 
chlorophyll (TCh) and leaf extract pH were used to compute the APTI values of seven plant 
species in different locations with representing different activities in Varanasi city, India. Air 
quality in terms of sulfur dioxide, nitrogen oxides, respirable particulate matter and ozone also 
monitored during study period. The levels of pollutants concentration in ambient air of 
monitoring locations are found maximum in Lahurabir (commercial cum traffic area) followed 
by Lahartara (industrial area) and Maidagin (traffic area) and Mehmoorganj (residential 
area)>BHU (control area).The result showed order of tolerance as Bougenvilia spectabilis 
(9.469)>Ashoka indica (9.4028)> Ficus relegiosa (9.3872)> Alstonia scholaris (9.2371)> 
Nerium indicum (8.877)>Mangifera indica (7.6702)> Azardirachta indica (7.1655). The plants 
show high APTI value can tolerate the air pollution so they are the best plants for use the 
plantation in the city area and these plants species has also been evaluated for green belt 
development 

Key Words : Air pollution tolerance index, Chlorophyll, Ascorbic acid, Green belt,  
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INTRODUCTION 

Urban air pollution has become a serious 
environmental problem to trees, crops, animals 
and human beings. Motor vehicles account for 
60-70% of the pollution load in urban 
environment, followed by industries (20-30 %) 
in India. Impact of air pollution on local plant 
species is one of the major ecological issues 
However, climatic conditions; the 
physicochemical properties of air pollutants 
and their residence time in the atmosphere 
have the impact on surrounding plants and 
animals1. As plants are very efficient in 
trapping atmospheric particles, leaves have 

 been used as monitors of particulate pollution. 
Deposition of dust depends on the physical 
characteristics of particles, such as their size, 
shape and also the plant species2. Pollutants 
gases like sulfur dioxide (SO2), nitrogen oxides 
(NOx) etc. are absorbed into the mesophyll of 
the leaves through stomata. Toxicity of gases 
like SO2 and NOx is depending on its reducing 
property. When its concentration is increased, 
the cells are first inactivated with or without 
plasmolysis, then ruptured and finally tissue 
collapse and dry up, killed3. Plants developed 
characteristic, response and symptoms in 
respect to particular types and level of air 
pollution. They show several type of acute 
injuries vary in the form of various necrotic 
lesions   ranging  from  fine  stuppe  to  large  *Author for correspondence 
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patches of dead tissues, with white to brown 
coloration. Trees act as a sink of air pollutants 
and reduce their concentrations in the air. 
Vegetation naturally cleans the atmosphere by 
absorbing gases and particulate matter through 
leaves as plant leaf may act as a persistent 
absorber when exposed to the polluted 
environment. Sensitive plant species are 
suggested as bio-indicators.4-6 Different plant 
species showed a different behavior for 
different pollutants and any plant part could be 
indifferently used as biomonitors.7 
According to Singh and Rao, a formulae has 
been adopted to determine the Air Pollution 
Tolerance Index (APTI) of various plant 
species considering upon the four biochemical 
parameters i.e. total chlorophyll, ascorbic acid, 
leaf extract pH and relative water content. The 
usefulness of evaluating APTI for the 
determination of tolerance as well as 
sensitiveness of plant species were followed by 
several authors.8-10  

AIMS  AND  OBJECTIVES 
The present work aims to evaluate the Air 
Pollution Tolerance Index (APTI) of different 
plant species growing near residential, 
commercial, heavy traffic, institutional and 
industrial area of the Varanasi city as to select 
a particular plant species to grow in respective 
areas and their correlation with respective 
pollutants. 

MATERIAL AND METHODS 
The study area Varanasi (250 18’ N latitude 
and 800 1’ E longitude, 76.19m above sea 
level) is located in the Eastern Gangetic plains 
of India. It has moist sub humid, tropical 
monsoonal climate with three distinct seasons. 
The soil of this region is alluvial (sandy loam). 
The major sources of pollutants in this city are 
automobile exhaust, small industries, rail 
engines and domestic heating. The study was 
conducted in winter season of 2008-09 
(December, January and February) twice in a 
week. Total Seven plant species from five 
different locations were selected for the study. 
Details of locations are summarized in     
Table 1. Mangifera indica, Ficus religosa,  

Nerium indicum, Alstonia scholaris, 
Bougenvilia spectabilis, Ashoka indica and 
Azadirachita indica, perennial woody plants 
were selected for the study.  
Air quality 
Sampling and analysis for determination of 
concentration of different air pollutants was 
done following BIS code no. 5182 such as 
respirable suspended particulate matter 
(RSPM) by Gravimetric method IS 5182 (Part 
1) 1993, Sulphur dioxide (SO2) by IS 5182 
(Part 2) : 2001 Nitrogen oxides (NOx) by IS 
5182(Part 6) : 2006, Ozone by IS 5182 (Part 9) 
: 1974.  
Relative Water Content (RWC) 
Relative water content was calculated by using 
the initial weight, turgid weight and dry weight 
of leaf samples10.  
Relative water content (RWC) = {(Wf-Wd) / 
(Wt-Wd)} x100 
Wf, fresh weight, Wt  is the weight of leaves 
after immersing in water for two hours that is 
turgid weight, Wd is the dry weight dried at 
1050C (for 24 hours). 
Ascorbic Acid (AA)  
Ascorbic acid content (expressed as mg/g) was 
determined by using the modified calorimetric 
2, 6-dichlorophenol -indophenols (DCPIP)-
method described by Keller and Schwager. For 
each sample, 0.5 g of fresh foliage was 
homogenized for 30 seconds by using 4% 
oxalic acid-EDTA. The homogenate was 
centrifuged at 6000rpm for 20 minutes. To 
perform colorimetric determination, 1 ml of 
standard solution and 5 ml DCPIP solution 
were thoroughly mixed. Optical density at 520 
nm was measured (Es), then added 1.0 ml of 
ascorbic acid solution to bleach the pink color 
completely, Optical density of that solution 
had taken at 520 nm (Et). 
Total chlorophyll  
Chlorophyll (mg/g dry weight) was estimated 
following the method of Maclachalan and 
Zalik. 0.1gm fresh leave sample was grounded 
and diluted to 10ml in 80% acetone and 
filtered. Centrifuged for 10   minutes  at   6000  
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Table 1 : Sampling locations 

rpm and optical density was read at 645 nm 
and 663 nm with the help of systronic double 
beam spectrophotometer. Calculations were 
made using the following formula : 
Chlorophyll a= 12.7DX663-2.69DX645 x 
V/1000W mg/g, 
Chlorophyll b= 22.9DX645-4.68DX663 x 
V/1000W mg/g, 
Where V= total volume of the chlorophyll 
solution (ml) and W = weight of the tissue 
extract (g) 
Leaf extract pH 

2 gm leaf sample was homogenized with 20 ml 
deionized water and pH was measured with the 
help of electrode.8 
Quality assurance and quality control 
Appropriate quality assurance procedures and 
precautions were carried out to ensure the 
reliability of the results. Double distilled water 
was used throughout the study. Glassware was 
properly cleaned, and the reagents were of 
analytical grade. Reagents’ blank also prepared 
for used to correct the instrument readings. 
APTI determination 
The air pollution tolerance index was 
determined by (Singh and Rao) using the 
following equation 
APTI= [A {T+P}] +R/10 
Where A is ascorbic acid content (mg/g dry 
weight), T is total chlorophyll (mg/g dry 

weight), P is leaf extract pH, R is relative 
water content (%). 
Statistical analysis 
Two way analysis of variance was carried out 
for statistical significance of mean values of 
APTI value separately (Mangifera indica, 
Ficus religosa, Nerium indicum, Alstonia 
scholaris, Bogenvellia, Ashoka indica, 
Azadirachita  indica) considering locations and 
plant species as independent variable. Prior the 
analysis of variance and APTI as dependent 
variable. Prior to analysis of variance between 
the treatment groups was as certained using 
Levin’s test. Post hoc analysis was done by 
calculating least significant differences (LSD). 
The data was analyzed using SPSS software 
version 11.5. 

RESULTS  AND  DISCUSSION 
The study was carried out for the period of 
three months twice in a week i.e. since 
December, 2008 to February, 2009 to study 
ambient air pollution status of Varanasi city. 
Total 24 samples were collected for air quality 
and biochemical parameters. The levels of 
pollutants concentration in ambient air are 
described in Table 2 and Fig. 1 which was 
found in the following order : 
Lahurabir (commercial cum traffic 
area)>Lahartara (Industrial area)>Maidagin 
(Traffic area)> Mehmoorganj (Residential 
area)>BHU (Control area) 

Zone Characteristics 
Residential 
area 
(Mehmoorganj) 

The predominant land use is for housing. 
Vehicular movements are usually of small private vehicle (Two and four 
wheelers) 

Commercial 
area 
(Lahurabir) 

Densely located shops, restaurants, cinema halls and other similar marketing 
activities. A chain of shops of all kinds run along the road. 

Industrial area 
(Lahartara) 

Predominant land use is for dense small and big industrial activities. 

Heavy traffic 
zone 
(Maidagin) 

Very high traffic load because of main connecting road of Varanasi and 
Mugulsarai through Malviya bridge. 

Institutional 
area (B.H.U. 
temple) 

It is a major tourist attraction and due to presence of small restaurants and 
stationary shops it always remains crowded with students. Associated 
vehicular movements are expected to cause pollution around the temple. 
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Concentration of RSPM (PM10) exceeds the 
National Ambient Air Quality Standard 
(NAAQS) which is 100 µg/m3 for residential, 
rural and industrial area. The maximum 
concentrations of PM10 were recorded at 
Lahurabir (commercial area) 576 µg/m3 and 
the minimum at BHU (control area) 163 µg/m3 
respectively. The SO2 concentration was found 
at all sites below the NAAQS limits of 80 
µg/m3. It ranged between 41.0-85.33 µg/m3. 
NOx concentration was also found to be under 
the permissible limit of NAAQS at all 
locations. It was ranged between 18.31-68.16 
ng/m3. Ozone concentration was found to be 
minimum at BHU 11.19 ng/m3 and maximum 
at Lahurabir  48.89 ng/m3. The main sources of 
pollutants at Lahurabir are the heavy traffic 
and the movement of diesel operated vehicles 
continuously and also due to the heavy traffic 
jam. During 1995-2005, Varanasi city showed 
6 hr  average O3 concentration varying 
between 9.2-48 ppb in winters13. 
Air pollutants in urban and industrial area may 
get absorbed, accumulated or integrated in the 
plant body and if toxic may injure the plants in 
various ways14. The rate and total amount of 
pollutant taken up from the air can affect 
photosynthesis, respiration, leaf conductance 
and leaf longevity. All of these factors in trees 
adversely affect canopy carbon fixation and 
net accumulation of chlorophyll. In sensitive 
species the level of injury was found high 
resulting in less chlorophyll and vice-versa in 
tolerant species. Sensitive species, help in 
indicating air pollution and tolerant             
ones help in abatement. This fact is also 
supported by many workers as they studied the  

physiological response under heavy industrial 
pollution stress.15-17  
The observed APTI value of plants is higher at 
Lahurabir and Maidagin area as compare to 
industrial area and other area. The APTI values 
of industrial area are lower as compared to 
Lahurabir and Maidagin area but it is higher a 
Mahmoorganj, residential area. The APTI 
values of  BHU are lowest amongst the studied 
area because of low pollution load. BHU 
appears to be the cleanest site with respect to 
all the pollutants. It was situated inside the 
BHU and is surrounded with closely spaced 
trees (Table 3 and Fig. 2). The location 
(F4,75=1.38, p=0.249) affects  found to 
statistically insignificant. More ever significant 
interaction effects between plant species was 
observed (F5,75=16.59, p=0.000). The mean 
concentration of APTI in BHU was found to 
be insignificantly higher compared to Lehatara 
(p=937) and Mehmoorganj (p=0.890). In 
Lahartara was found higher than Mehmoorganj 
(p=0.953). However, in Lahurabir was found 
higher than BHU (0.537), Lehartara  (0.486) 
and Mehmoorganj (0.450). In case of 
Maidagin was found higher than BHU (0.069), 
Lahartara (0.058), Lahurbir (0.225) and 
Mehmoorganj (0.051). Lahurabir is the main 
commercial area of Varanasi, it also has traffic 
load and thus levels of SPM, SO2 and NOx are 
high, resulted in high APTI value of plants. 
Similarly, Maidagin is also a heavy traffic 
zone which connects Varanasi to Mugalsarai 
through Malviya bridge, resulted in high level 
of air pollution as well high APTI value of 
plants. 
The APTI value of seven plants species on 
different area plants with a high index value 

Table 2 :  Ambient air concentrations (mean±SD) of major air pollutants at different 
sampling locations 

Sampling location RSPM (µg/m3) SO2 (µg/m3) NOx(µg/m3) O3 (ng/m3) 
Mehmoorganj (residential 
area) 

210.05±22.3 41.0±12.4 33.39±10.7 36.61±10.4 

Lahurabir (commercial 
area) 

576.0±49.5 85.33±10.3 68.16±12.7 48.89±9.7 

Lahartara (industrial area) 558.19±47.2 80.83±16.3 53.29±18.3 39.83±11.2 

BHU (control area) 163.23±10.9 15.74±3.9 18.31±9.4 11.19±7.2 
Maidagin (heavy traffic 
zone) 

549.0±32.12 83.67±14.2 61.01±14.2 43.64±15.1 

NAAQS 100 80 80 100 
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Fig. 1 : Air quality at different sampling locations 

were tolerant to air pollutants. According to 
result the high value were recorded in Ashoka 
indica, Ficus relegiosa, Mangifera indica, 
Azardirachta indica and Alstonia scholaris in 
the high pollution zone so we can say that 
these five plants are suitable to tolerate the air 
pollutants and may be use full to decrease the 
pollution load in the Varanasi city and these 
plants species has also been evaluated for 
green belt development in the urban area.15-19 
The APTI value of Mangifera indica and 
Azadirachita indica is lower than other plants 

species is 6.5 to 7.0 in normal condition but in 
due to presence of pollutants in a high 
pollution area like Lahurabir and Maidagin 
area the APTI value of these plants reached at 
more than 7.5 to 8.0. The mean concentration 
of APTI value was found to be statistically 
higher in Ashoka indica than M.indica 
(p=0.008) and in Alstonia scholaris found to 
be higher than A. indica (0.000) and M. indica 
winter (p=0.000). In Bougenvilia spectabilis 
was also found to be significantly higher than 
compared    to       A.       indica       (p=0.000)  

Table 3 : APTI (mean±SD) value for selected plant species in different sampling locations 

Nerium indicum (p=0.025) and M. indica 
(0.000). In F. relegeosa was found to be 
significantly higher  than  A. indica (0.000) 
and M. indica (0.000). Mean levels of APTI in  
Nerium indicum was found to be higher than  
A. indica (0.010) and M. indica (0.000). The  

APTI values obtained for different plants were 
compared with the sensitivity/ tolerance of 
these plants, as determined under laboratory 
and field conditions. It was found that plants 
with low index values were generally sensitive 
to air pollutants and vice versa. Finally, each  

 Species Mehmoorganj 
(residential 
area) 

Lahurabir 
(commercial 
area) 

Lahartara 
(industrial 
area) 

B.H.U. 
(institutional 
area) 

Maidagin 
(heavy 
traffic 
zone) 

Average 
APTI 
value 

 

M. indica 7.079±2.3 8.063±1.0 7.944±0.7 7.232±0.5 8.034±1.7 7.670 

A. indica 9.272±1.8 9.601±1.6 9.308±0.9 9.234±0.7 9.600±1.5 9.403  

Nerium 
indicum 

9.066±1.1 8.652±1.3 8.378±0.8 8.978±0.4 9.313±1.2 8.877  

F.relegiosa 9.410±0.9 9.587±1.3 9.477±1.1 8.968±0.8 9.495±1.8 9.387  

Alstonia 
scholnaris 

9.128±1.8 8.846±1.9 8.964±1.0 9.467±0.9 9.780±1.4 9.237  

Bogenvilia 9.365±1.3 9.449±1.1 9.289±0.8 9.519±1.0 9.723±1.3 9.469  

Az. indica 6.989±1.9 7.274±0.8 7.042±0.9 7.124±0.5 7.399±1.5 7.165 
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Fig. 2 :  Value of APTI at different locations for different plant species 

plant group was allotted a range of index 
values and categorized into sensitivity, 
intermediate, moderately tolerant and tolerant 
classes.20-22 

CONCLUSION 
An overview of the entire result obtained from 
this study reveals that different plants respond 
differently to air pollution,hence the different 
indices it is observed that plants growing in 
apparently polluted environment have higher 
APTI than less from less polluted environment. 
From the result obtained, it has been observed 
that Ashoka indica, Ficus relegiosa, Mangifera 
indica, Azardirachta indica and Alstonia 
scholaris were the more tolerant species 
because of high APTI values in polluted areas. 
APTI values of plants can be used as indicator 
of presence of air pollutants and they are also 
very helpful in green belt development in the 
urban- industrial areas. With the help of APTI 
values we can decide that which plants are 
sensitive against the air pollutants and which 
plants are tolerant to air pollutants. 
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