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Abstract
Publication Data

Being the second largest manufacturing industry in India, cement industry is one of the major contributors of
suspended particulate matter (SPM). Since plants are sensitive to air pollution, introducing suitable plant
species as part of the greenbelt around cement industry was the objective of the present study. Suitable plant
species were selected based on the Air pollution tolerance index (APTI) calculated by analyzing ascorbic
acid (AA), pH, relative water content (RWC) and total chlorophyll (TChl) of the plants occuring in the locality.
Plants were selected within a 6 km radius from the industry and were graded as per their tolerance levels by
analyzing the biochemical parameters. From the statistical analysis at 0.05 level of significance a difference
in the APTI values among the 27 plant species was observed, but they showed homogenous results when
analysed zone wise using one-way analyses of variance. Analyses of individual parameters showed
variation in the different zones surrounding the cement industry, whereas the APTI value (which is a
combination of the parameter viz. AA, RWC, TChl, pH) showed more or less same gradation. Significant
variation in individual parameters and APTI was seen with in the species. All the plants surrounding the
cement industry are indicative of high pollution exposure comparable to the results obtain for control plants.
Based on the APTI value, it was observed that about 37% of the plant species were tolerant. Among them
Mangifera indica, Bougainvillea species, Psidum quajava showed high APTI values. 33% of the species
were highly susceptible to the adverse effects of SPM, among which Thevetia neriifolia, Saraca indica,
Phyllanthus emblica and Cercocarpus ledifolius showed low APTI values.15% each of the species were at
the intermediary and moderate tolerance levels.

Paper received:
13 December 2010
Revised received:
20 August 2011
Accepted:
29 August 2011

Key words
Air pollution tolerance index, Cement industry, Suspended particulate matter

Introduction
In recent times there has been significant development
activity in terms of industrialization and urbanization in almost all
cities, medium and small towns in India. Significant growth is also
observed in the cement industry sector. Most of the areas in India
and other countries, the environment has reached its carrying
capacity in terms of air pollutants like nitrous oxide (NOx), sulfur
dioxide (SO2), carbon monoxide (CO), carbon dioxide (CO2),

suspended particles and the toxic heavy metals like lead. The
impact of such anthropogenic emission into the atmosphere and
their movement into the biosphere by transformation, reaction and
modification is responsible for variety of chronic and acute diseases
at the local, regional and global scale (Rawat and Banerjee, 1996).
Impact on the plant community has also been studied worldwide in
terms of plant – environment interactions, since the plants are much
more sensitive in comparison to other organisms (Abbasi et al.
2004). The symptoms or effects in plant anatomy, physiology or
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biochemistry indicates the state of the environment. Since the major
system and organs of plants are exposed to the atmosphere and
the leaves continuously exchange gases in and out of the systems,
any change in the atmosphere is reflected in the plant physiology.
Trivedi and Singh (1995) indicated air pollution in terms of its severity
and degree. Thus, plants can be effectively used as bio indicators
of air pollutants, although their sensitivities could vary across the
plant community with tolerant species showing no or minimal
symptoms while sensitive ones showing symptoms even if the air
pollutants increase in small amounts (Singh, 2003). The resulting
impact can be used for monitoring of suspended particulate matter
in cement industry in terms of SPM concentrations to observe the
air quality in the locality. Limestone and cement dusts, with pH
values of 9 or higher, may cause direct injury to leaf tissues or
indirect injury through alteration of soil pH (Vardaka et al., 1995;
Auerbach et al., 1997). Damages caused by air pollutants to plants
include chlorosis, necrosis, and epinasty (Katiyar and Dubey.,
2000). Suspended particulate matter (SPM) affect the overall growth
and development of plants according to their physical and chemical
nature. Specifically morphology and anatomy of leaves are altered
(Shrivastava and Joshi, 2002). Surface dust deposits may alter the
optical properties of leaves, particularly the surface reflectance in
the visible and short wave infrared radiation range (Prajapati and
Tripathi, 2008).The plants response to air pollutant vary from species
to species and also in terms of type of pollutant, its reacting
mechanisms, concentration and duration of exposure (Mashitha
and Pies, 2001; Klumpp et al., 2003; Abbasi et al., 2004; Tripathi et
al., 2009). Pollutants enter into the plants and react in a variety of
ways before being removed or absorbed that may include
accumulation, chemical transformation and incorporation into the
metabolic system. In this process some plants are injured, while
others show minimal effects (Priyanka and Dibyendu, 2009). The
type of plants species is helpful in evaluating its usefulness in green
belt development for the prevention and screening of air pollutants
from the atmosphere (Trivedi and Raman, 2001).Ambient air quality
standards have been achieved in several industries by means of
providing a green belt zone (Gupta et al., 2008). Research has
been done to identify the tolerant plant species that would qualify to
control gaseous pollutant in refinery like total hydrocarbon (THC),
NOx, SO2, CO2 etc. In views of the above, the present study aimed
to provide a suggestive measure for suitable green belt in a cement
industry, with specific tolerant plant species, that would effectively
serve to control air pollution due to SPM.
Materials and Methods
Study area: Twenty-seven different plant species were selected
for the study from Coimbatore,(100 47’ 42" N ; 760 49’ 30" E) during
December 2008 to February 2009.The screening and selection of
the plant species were based on available literature and guidelines
of Central Pollution Control Board (CPCB Guidelines, 1996-2001).
Native plant species available within a radius of 6 km of the cement
factory were selected for analysis. They were selected from five
different zones: Zone I- in and around the factory; Zone II- within a
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2 km radius of the factory; Zone III- 2-4 km away from the factory;
Zone IV- 4-6 km away and Zone V – a control zone 10-12 km away
from the industry. Leaves of all species were collected from each
zone thrice a week. Duplicates of fully mature leaves of each species
were collected in the morning hours from trees of almost same
diameter at breast height (DBH) and from the shrubs of almost same
height.
Analysis of various parameters: Leaf samples were quickly
transported to the laboratory in a heatproof container and their
weight were taken. Air pollution tolerance index (APTI) was
calcutated by analyzing the biochemical parameters of leaf, namely
pH, ascorbic acid (AA), relative water content (RWC) and total
chlorophyll (TChl) by following standard procedure. For determining
pH of the leaf extract, 5 gm of fresh leaf material was homogenized
with 50 ml of deionized water and the samples of the homogenate
were centrifuged at 5000 rpm for 10 min and pH value of leaf extract
was determined using pH meter (Barrs and Weatherly, 1962). To
determine of ascorbic acid content, a homogenate was prepared
by using 4% oxalic acid and was dehydrogenated by bromination.
The dehydroascorbic acid was then reacted with 2, 4-dinitrophenyl
hydrazine to form osazone and dissolved in sulphuric acid to give
an orange – red color solution which was measured at 540 nm
using spectrophotometer (Arnon, 1949). Total chlorophyll of leaf
extract was determined spectrophotometrically after extraction with
80% acetone (Sadasivam and Manickam, 1996). Relative water
content was estimated by gravimetric method by determining the
leaf weight under different condition like initial, turgid and dry weight
(Varshney, 1992). APTI was calculated by the formula proposed
by Singh and Rao (1983).The range of APTI was divided into four
grades of air pollution tolerance, viz., tolerant (T), Moderately
tolerant (M), Intermediate (IM) and Sensitive (S) (Liu and Ding,
2008).
Statistical analysis: Zone wise comparison of various analytical
parameters (pH, RWC, AA, TC) and APTI was done using oneway analysis of variance ( ANOVA) with the help of the statistical
program for social sciences (SPSS) 17.0 for windows.
Results and Discussion
The plants being constantly exposed to the environment
absorb, accumulate and integrate pollutants impinging on their foliar
surfaces.Consequently, they show visible or subtle changes
depending on their sensitivity level (Trivedi and Raman, 2001).
Samples of Casuarina equistifolia, Delbergia sissoo, Helianthus
annus, Muraya species, Phylanthus emblica and Saraca indica
were unavailable in Zone I. Holoptelea integrifolia was unavailable
in Zone III and IV. while Saraca indica was unavailable in Zone IV.
It is observed from Fig1, that there was an increase in leaf
pH in the plant species studied with respect to their proximity to the
cement industry. All the plants collected from Zone I exhibited a pH
in the range of 7.8 to 9.0. Statistical analysis (P>0.05) revealed that
the Zone I comes under highly alkaline category which is
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characteristic of cement dust that contains CaCO 3 (Swierez,
2006). Cement dust released from the industry settles in the soil
as well as on leaf surfaces, which might have produced this
result, of the plant species, which otherwise have neutral pH
under normal environmental conditions as seen in the control
plants (Zone V). Plant species collected from Zone II showed
alkaline pH while plants from Zone III, IV and V showed neutral
to slightly acidic pH ranges. Plants with alkaline leaf extract pH
show high tolerance to pollution (Agarwal, 1988). But in over all
observation most of the plants showed alkaline pH. High pH
may increase the efficiency of conversion of hexose sugar to
ascorbic acid (Escobedo, 2008).
The RWC defines the moisture holding capacity of a plant
and is indicative of the hydration conditions in the leaf matrix. Highest
relative water content in zone I was observed in Bougainvillea
species and lowest in Cercocarpus ledifolius (Fig. 2). RWC helps a
plant to maintain its physiological balance under stress conditions
like exposure to air pollution. Higher the RWC in a particular species
greater is its drought tolerance capacity (Dedio, 1975). Relative
water content is associated with protoplasmic permeability in cells
and causes loss of water and dissolved nutrients, resulting in early
senescence of leaves (Agarwal and Tiwari, 1997). If leaf
transpiration rate is reduced due to air pollution, plants lose ability
to pull water and minerals from roots for biosynthesis. The RWC of
Bougainvillea species in all the zones were more or less similar to
its control (93.2%). This showed the drought resistance capacity of
the sample plants. All other plants also followed almost the same
pattern as Bougainvillea species as they belonged to the same
homogenous group (α =0.05). Therefore the plants with high
relative water content under polluted conditions may be tolerant to
pollutants.
Being an important reducing agent, ascorbic acid also
plays a vital role in cell wall synthesis, defense and cell division
(Conklin, 2001). It plays an important role in photosynthetic carbon
fixation with the reducing power directly proportional to its
concentration (Pasqualini et al., 2001). Figure 3 shows that in
Zone I, the concentration of ascorbic acid ranged from 2.07 to
7.98 mg g-1 with Thevetia neriifolia and Mangifera indica recording
the lowest and highest values, respectively. Ascorbic acid, a stress
reducing factor, is a strong anti-oxidant and is generally higher in
tolerant plant species. Ficus religiosa species recorded 7.6 mg g1
of ascorbic content which is comparable to the report obtained
by Liu et al. (2008) where in they explained that the ascorbic acid
has been given top priority in APTI formula. Though statistically
the ascorbic acid values did not vary much among the four zones,
Zone III and IV showed higher values than Zone I and II. Owing
to changes observed in ground level pollution concentration,
ascorbic acid concentration was higher compared to the control
station. Tripathi and Gautam (2008) reported pollution load
dependent increase in ascorbic acid content of all the plant species
may be due to the increased rate of production of ROS during
photo-oxidation process.
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The highest total Chl (10.31 mg g-1) was recorded in
Tamarindus indica and the lowest (4.71 mg g-1) in Thevetia neriifolia
(Fig. 4) which were lower than the plant collected from Zone V
(12.89 and 9.67mg g-1) respectively. It was observed from the data
analyses through SPSS that plant species showed high chlorophyll
content in Zone II, III and IV when compared to those in zone I
because of the declining effects of pollutants in the former zones at
0.05 level of significant.
Chlorophyll content of plants signifies its photosynthetic
activity as well as the growth and development of biomass. It is
known that chlorophyll content of plants varies from species to species;
depending upon the age of leaf pollution level as well as with other
biotic and abiotic conditions (Katiyar and Dubey, 2001). Degradation
of photosynthetic pigment has been widely used as an indicator of
air pollution (Ninave et al., 2001).The present study revealed that
chlorophyll content in all the plants varied with the pollution (SPM,
RSPM) status of the area. Higher the levels of SPM and RSPM,
lower the chlorophyll content.
The air pollution tolerance index (APTI) values calculated for
each plant species in different zones are presented in Fig. 5 and Table
1. The APTI range was divided as four grades of air pollution tolerance
referring to Liu et al. (2008) as tolerant (T or grade I), moderately
tolerant (MT or grade II), intermediate (I or grade III), and sensitive
(S). The tolerance grades were defined as follows:
(1) Tolerant: APTI > mean APTI+SD
(2) Moderately tolerant: mean APTI<APTI<mean APTI+SD
(3) Intermediate: mean APTI-SD<APTI<mean APTI
(4) Sensitive: APTI < mean APTI-SD
APTI values for each category were derived separately by
calculating the mean APTI and its standard deviation for trees and
non-trees especially including shrubs and herbs. In zone I, close to
the source of cement pollution, Mangifera indica with highest APTI of
21.92 was found most tolerant to cement industry pollutants among
trees. Tamarindus indica, Ficus religiosa, Albizia lebbeck and
Holoptelea integrifolia also had high APTI values i.e., 19.72, 19.6,
18.15 and 18.02 respectively. In case of shrubs, Bougainvillea
species showed highest APTI value of 20.97 and found to be more
tolerant compared to the other shrub species studied. In zone II,
Bougainvillea species, Mangifera indica, Ficus religiosa, Azadiracta
indica, Aegle marmelos, Moringa oleifera, Psidium guajava showed
APTI values greater than 20. In zone III and zone IV, Thevetia
neriifolia, Saraca indica, Cercocarpus ledifolius, Helianthus annuus
had APTI values less than 10, which was far less than their control
counterparts in zone V (>16). Other plant species in zone III and IV
had APTI values above 20. It could be suggested from low APTI
values exhibited by some plant species that they were sensitive to
pollutants of cement industry, which was also evident from the
variations in the biochemical and physiological parameters analyzed
in this study. There was significant difference in APTI values among
the 27 plant species studied but they showed homogenous results
when analyzed zone wise using one-way ANOVA.
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Fig.1: Leaf pH in plant species in the different zones among cement industry in Coimbatore
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Fig .2: Leaf relative water content in plant species in the different zones among cement industry in Coimbatore
Journal of Environmental Biology  May 2012

Assessment of air pollution

A. indica
A. lebbeck
C. sebesena
F. religiosa
M. indiaca
P. quajava
T. nerifolia

639

A. scholaris
Bougainvillea spp
C. ledifolius
H. rosa sinensis
Murraya sps
P. emblica
T. grandis

A. marmelos
C. equisetifolia
Eucalyptus spp
H. annuus
P. longifolia
S. indica

Acacia spp
B. monosperma
D. sissoo
H. integrifolia
M. oleifera
R. indica
T. indica

Fig . 3: Leaf ascorbic acid in plant species in the different zones among cement industry in Coimbatore
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Fig.4: Leaf total chlorophyll in plant species in the different zones among cement industry in Coimbatore
Journal of Environmental Biology



May 2012

Radhapriya et al.

640

A. indica
A. lebbeck
C. sebesena
F. religiosa

Acacia spp

A. marmelos

Bougainvillea spp

B. monosperma

C. equisetifolia

C. ledifolius

D. sissoo

Eucalyptus spp
H. annuus

A. scholaris

H. rosa sinensis

H. integrifolia

M. indica

Murraya spp

M. oleifera

P. longifolia

P. guajava

P. emblica

R. indica

S. indica

T. nerifolia

T. grandis

T. indica

Fig.5: Air pollution tolerance index (APTI) in plant species in the different zones of cement industry in Coimbatore
Table 1: Tolerance gradation of plant species selected in cement industry, Coimbatore
S.No

Plant species

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Azadirachta indica
Albizia lebbeck
Bougainvillea spp.
Mangifera indica
Murraya spp.
Moringa oleifera
Ficus religiosa
Aagle marmelos
Psidium guajava
Tamarindus indica
Hibiscus rosasinensis
Alstonia scholaris
Holoptelea integrifolia
Polyalthia longifolia
Cardia sebestena
Tectona grandis
Acacia spp
Eucalyptus spp.
Rosa indica
Butea monosperma
Casuarina equisetifolia
Cercocarpus ledifolius
Delbergia sissoo
Phyllanthus emblica
Saraca indica
Thevetia neriifolia
Helianthus annuus

Common name

Life form

Neem
Siris
Boganvilliea
Mango

ET
ET
ES
ET
ET
DT
ET
ET
ES
ET
ES
ET
ET
ET
ET
ET
ET
ET
ES
DT
ET
ET/S
ET
ET
ET
ES
ES

Moringa
Peepal
Bel
Guava
Tamarind
Gurhal
Dita bark
kanju
Ashoka
Cordia
Teak
Eucalyptus
Rose
Palas
Casuarina
Mahogany
Sisoo
Neelikai
Ashok
exile tree
Sunflower

Zone I

Zone II

Zone III

Zone IV

T
T
T
T
NA
T
T
M
M
T
M
M
T
IM
IM
IM
S
NA
IM
S
NA
S
NA
S
NA
S
NA

T
T
T
T
T
T
T
T
T
T
M
IM
IM
M
M
M
S
S
IM
S
S
S
S
S
S
S
S

T
T
T
T
T
T
T
T
T
M
T
T
NA
T
IM
S
IM
S
S
S
S
S
S
S
S
S
S

T
T
T
T
T
T
T
T
T
M
T
T
NA
IM
S
IM
M
M
S
S
S
S
S
S
NA
S
S

Note: T- Tolerant, M – Moderate, IM- Intermediate, S-Sensitive, NA- Not Available, ET- Evergreen Tree, ES-Ever green Shrub, DT-Deciduous Tree
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Analyses of individual parameters showed variation in the different
zones surrounding the cement industry, whereas the APTI value
showed more or less the same gradation. Significant variation in
individual parameters and APTI was seen with in the species. All the
plants surrounding the cement industry are indicative of high pollution
exposure comparable to the results obtain for control plants.
New generation of the available trees were less in polluted
area compared to the nonpolluted zone and also various external
stress can lead to this condition. Some other parameters like plant
regeneration, growth, and flowering pattern can also be assessed
to observe the tolerance level.
Based on the APTI gradation some of the trees present in
zone I were less sensitive towards the pollution, at the same time,
trees in zone IV were more sensitive . This controversy may be
due to the fact that, trees existing in the polluted area were adapted
to their adverse habitat and thus showed higher tolerance levels in
the polluted zone I.
The results form a basis for the selection of tolerant species
fit for landscape on sites continuously exposed to elevated levels of
particulate pollutants.
It could therefore be concluded that the highly tolerant,
moderately tolerant and intermediately tolerant species will be
suitable for the establishment of an effective “green belt” around the
cement industry and their cultivation could be encouraged in large
numbers to abate the problem of particulate pollution.
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