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A study was conducted for the assessment of biochemical change on effect of air
pollution of selective plant species around an industrial/ urban area Durgapur,
India. Three biochemical parameters such as ascorbic acid, pH and total
chlorophyll and one physiological parameter like relative water content (RWC) of
eight different plant leaves were analyzed at two different regions of Durgapur
Industrial belt. Ambient air quality (SOx, NOx and SPM) were also analyzed to
evaluate the surrounding air pollution at each site. This study indicated that, plants
can change their inert physio- biochemical mechanisms to withstand themselves in
a more polluted environment, though it is not the property of all species of plants,
only the tolerant one can do this. In the stressful environment the early diagnosis of
plant species is the analysis of biochemical parameters rather than the detection of
morphological anomaly which is late stage manifestation of plant life.

Introduction

The atmosphere is a complex, dynamic
natural gaseous mixture that is essential to
support life on planet earth. But pure air (i.e.
air containing contaminants or pollutants
within permissible limit) is rare now. The
most important international problem is air
pollution which damages the natural
environment, as well as harm human and
other living organisms. There has no
physical or chemical method to diminish the
more complex air pollution except growing
green plants in and around urban and
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industrial areas (Agarwal, 1988; Santra,
1995; Thakre, 1995; Sannigrahi et al., 2003;
Sivasamy and Srinivasan, 1996; Fukuoka,
1997; Ghosh and Majee, 2001). Well
managed green belt development which trap
and precipitate the pollutants very precisely
will mandatory for every industrial zone in
the world.

Durgapur is an industrial belt of West
Bengal, India having big steel plants and
many small scale industries continuously
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emitting air pollutants such as SOz, NO,,
CO, heavy metals and different suspended/
respirable particulate matter to the
atmosphere. City’s internal traffic load and
24 hours busy National Highway 2 which
intersecting the city in the middle has

exerted a profound influence on
environment.  Unplanned  urbanization,
increased level of industrialization and

heavy traffic load pollute the air in daily and
hourly basis.

This paper studied the effect of air pollution
on some biochemical and physiological
properties of selected plant species growing
in severely polluted site of Durgapur steel
city, Tamla which is the innermost site at the
junction of Durgapur Steel Plant (DSP),
Alloy Steel Plant (ASP) and Durgapur
Project Limited (DPL). Another one is
comparatively less polluted site, Jemua with
no industrial activity.

This study provided a valuable assessment
that, in response to various air pollutants
plants differ markedly, some being highly
tolerant and some are sensitive (Singh and
Rao, 1983;Sannigrahi et al., 2003). The
sensitivity and tolerance of plant species to
pollutants can be defined by analyzing their
biochemical and physiological parameters,
such as, ascorbic acid content (Mukherjee
and Chaudhuri, 1983), pH (Chaudhury and
Rao0,1977), total chlorophyll (Arnon, 1949)
and relative water content (Sen and
Bhandary, 1978). Singh and Rao (1983)
have developed the Air Pollution Tolerance
Index (APTI) which is based on the above
parameters like ascorbic acid content, pH,
total chlorophyll and relative water content.
Sensitive species are early indicator of
pollution load and has lower APTI value; on
the other hand tolerant one has higher APTI
value and could be used for green belt
development. Pollution status of a region
becomes unambiguous by analyzing the
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APTI values which is based on the above
four biochemical parameters rather than by
comparing the biochemical data separately
of a single plant species.

Materials and Methods
Sampling Site/ Samples collection

Durgapur is an industrial hub of West
Bengal, with an elevation of 65 meter from
sea level. The undulating topography, lower
water holding capacity and presence of
various sizes of stone cheeps beneath the
upper soil layer make the land unfertile for
agriculture. In present investigation two
different sites had chosen, one was Tamla (it
lies within longitude N 23°32/01.15" and
latitude E87°18'21.29") which is severely
polluted zone in respect to industrial activity
along with heavy traffic load. The other site
was Jemua (it lies within longitude N
23°32'57.15" and latitude E87°20'40.9")
which is a pristine forest zone of Durgapur
and the pollution data revealed it has less air
pollution. The eight selected matured plant
leaf samples were collected during summer
season of 2013 at the lower most portion of
the canopy at a height of 5-15 ft. from the
ground level. The same plant leaf samples
were collected from both the sites along the
roadside. After collection the samples were
cleaned with distilled water and immediately
refrigerated in laboratory for biochemical
analysis.

The Methods of Biochemical parameters

The leaf samples were analyzed for
biochemical estimation by the following
methods like- ascorbic acid by Mukherjee
and Chaudhuri, 1983; pH by Singh and Rao,
1983; total chlorophyll by Arnon, 1949 and
relative water content by Sen and Bhandary,
1978.
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Air Pollution Tolerance Index (APTI)

Singh and Rao (1983) have developed an
index, the Air Pollution Tolerance Index
(APTI) which is based on the four above
biochemical parameters of plant leaves. In
this formula the product of ascorbic acid
with sum of leaf extract pH and total
chlorophyll is added with relative water
content (RWC) and the whole is divided by
10. The following formula revealed the Air
Pollution Tolerance Index (APTI) of plant
leaves:

APTI = A(T+P)+R

10

Where, A = Ascorbic acid content (mg/gm.
fresh weight)

T = Total Chlorophyll content (mg/gm. fresh
weight)

P = pH of the leaf extract
R = Relative water content of leaf (%)

The range of APTI index is: 0 to 1 = most
sensitive

1 to 16 = sensitive
17 to 29 = intermediate
30 to 100 = tolerant

Statistical Analysis

The correlation (between the said variables)
and Hierarchical cluster analysis (between
plant species and between said variables of
both sites) were performed by Statistica for
Windows, Version 5.1a, Statsoftinc, 1996
and SPSS Inc., 1999. By applying the
statistical tools we have segregated the plant
species depending on their biochemical and
APTI values and also segregated
biochemical parameters of both sites.
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Analysis of air pollutants

Air pollution parameters like SO, NO, and
SPM (Suspended Particulate Matter) were
measured by a Handy Air Sampler
(Envirotech Model APM 821).

Results and Discussion

Table 1 shows the comparative biochemical
features of eight selected plant species at site
Jemua which is without industrial activity
and site Tamla which is severely polluted
with high industrial activity and heavy
traffic load. In Jemua the recorded ascorbic
acid content was highest in Anthocephalus
kadamba (7459 mg g* fresh weight)
followed by Alstonias cholaris (63.06),
Pongamia pinnata(31.09), Dalbergia sissoo
(15.91), Shorearo busta(8.38), Mangifera
indica (5.05), Ficus religiosa (3.98) and
Ficus benghalensis (1.11). Similarly the
ascorbic acid content in severely polluted
sittt Tamla recorded as  follows-
Anthocephalus kadamba (194.96 mg g*
fresh weight) and Alstonias cholaris (188.85
mg g™ fresh weight) has highest value, the
highest values was also noted for these two
plants in Jemua. Other plants of Tamla
showed the higher values of this acid
content such as, Shorearo busta (89.42),
Ficus religiosa (82.80), Pongamia pinnata
(65.68), Mangifera indica  (45.24),
Dalbergia sissoo (42.70) and Ficus
benghalensis (15.03). The important finding
was the ascorbic acid content increased
comparatively of all plant species in polluted
site. Tamla as the low molecular mass
ascorbic acid act as an antioxidant which is
generated under oxidative stress. In plant
body oxidative stress has been induced by
several environmental factors including
oxygen shortage, pollution, pathogen attack,
pesticide application etc (Blokhina et al.
2003). This result showed that the increased
ascorbic acid content of the same plant
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species in Tamla reflect that they have
adapted themselves in this polluted stressful
environment by increasing their inert
biochemical features.

pH is one of the factor which also indicate
impacts of air pollution on plant body. In
Jemua the highest value was observed in
Ficus religiosa (7.62) and the other species
exhibited acidic nature of pH ranged
between 4.03 to 5.75. In Tamla highest pH
value was noted in Ficus benghalensis
(6.85) and the remaining showed acidic pH
ranged between 3.99 to 6.68. Air pollutants
mostly SOx, NOx and COx diffuse into the
plant leaves and reacting with stomatal and
cellular water and lowering the pH. The
plants having higher pH can overcome the
more stressful condition of air (Agarwal,
1986). In comparison the higher pH values
of plants in Tamla showed that, they were
continuously battling against environmental
poisonous gases by maintaining their
internal ionic balance which is also an
adaptation.

Chlorophyll is a photosynthetic molecule
present inside the grana of chloroplast
organelle and its main function is to convert
the sun light energy to energy molecule
glucose which mobile the earth biota. This
chlorophyll becomes faint or low in impacts
of air pollutants but the tolerant species has
higher value (Joshi et al., 1993) and keep
their net primary production same as
compared to non-polluted sites.

Air pollution tolerance of plants depends on
the higher chlorophyll contents. The plants
exposed to high air pollution stress has a
considerable loss of chlorophyll molecule as
the SOx, NOx and particulate matter
partially destroy the green molecule
(Tripathy and Gautam, 2007). The highest
total chlorophyll content was recorded in
Alstonia scholaris (343 mg g™ fresh weight)
and lowest in Dalbergia sissoo (1.83 mg g*
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fresh weight) in site Jemua. On the other
hand Mangifera indica (2.72 mg g™ fresh
weight) has the highest value and Pongamia
pinnata (1.33 mg g fresh weight) has the
lowest value in site Tamla.

One of the physiological parameter to
calculate the APTI values of plant species is
Relative Water Content (RWC) which helps
to regulate physiological water balance
under stress condition (Dedio, 1975). In
Jemua the highest value was recorded in
Ficus religiosa (93.68%) and the lowest
value in Mangifera indica (3.49%), whereas
the plant species in site Tamla the relative
water content was highest in Ficus religiosa
(93.68%) and lowest in Dalbergia sissoo
(70.00%). Though all the plant species not
having higher RWC in Tamla as compared
to site Jemua, in spite of that the plants
continuously struggling for their existence in
polluted site from different aspects.

Correlations between biochemical (total 4
factor) and APTI for non-polluted site
Jemua and severely polluted site Tamla are
presented in table 2 and table 3 respectively.
Significant positive correlations between
APTI and ascorbic acid were noted for
Jemua (r= 0.988) and Tamla (r= 0.980) at 1
% level of significance.

On the other hand, APTI is positively
correlated with total chlorophyll for Jemua
but insignificant at 1% level of significance.
This positive correlation of ascorbic acid
with APTI in both sites reflects that, this
factor is mainly responsible for higher
tolerance of plant species against air
pollution.

Hierarchical cluster analysis of the plants
depending on the biochemical and APTI
values of study site Jemua (Fig. 1) and
Tamla (Fig. 2) were interesting to compare.
In Jemua, five distinct clusters were
observed. Ficus religiosa, Shorearobusta
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and Dalbergiasissoo form clusters which
were much nearer to form another cluster
with Ficus benghalensis. Pongamia pinnata
form a cluster with previous two and these
three clusters were much nearer with each
other. Alstonia scholaris and Anthocephalus
kadamba form the fourth cluster and was
furthest from the earlier three clusters.
Lastly Mangifera indica has kept itself far
farthest from the earlier clusters.

Here mainly APTI values are influential for
these clustering patterns. Alstonia scholaris
and Anthocephalus kadamba have high
APTI values, so they form a cluster, while
Mangifera indica has lowest APTI and was
farthest.

In Tamla (Fig. 2), four distinct clusters were
observed. Alstonia scholaris and
Anthocephalus kadamba were much nearer
as it has been observed in Fig 1.These two
plants were furthest from the clusters of
other six plant species. Dalber giasisso,
Mangifera indica and Pongamia pinnata
formed one cluster and Ficus benghalensis,
another one and they were much closer
suggesting their similarity so far as the APTI
values were concerned. The last and fourth
cluster was formed by Ficus religiosa and
Shorearo busta which have moderate APTI
values.

In Fig. 3 reflect the same dendrogram of
both sites were made by Air Pollution
Tolerance Index (APTI) and biochemical
parameters based on different selective plant
species. This Fig. 3 showed that there are
two distinct clusters. Ascorbic acid (AA)
and APTI form a cluster because they are
more nearer and their value influences each
other positively.

A study related to the measurement of APTI
of climber plant species revealed that there
is a high positive correlation between APTI
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and ascorbic acid content (Pandeya et al.
2015). On the other hand pH and total
chlorophyll (TCh) form a cluster which form
another cluster with relative water content
(RWC) and was farthest from the first
cluster. The second cluster showed a closest
similarity with ascorbic acid of the first
suggesting that the four variables i.e. AA,
pH, TCh and RWC are the raw material for
constructing an individual plant APTI.

There are two different dendrogram of the
same plant species in two different sites
depending on biochemical and APTI values.
These two figures (Fig. 1 and Fig. 2) state
that the different arrangements of plants in
dendrogram reflect the changing
environmental conditions which influenced
on the plant species of both sites.

The air pollution data revealed that, in
Jemua the SOx, NOx and SPM values were
within normal limit i e. 10.02 pg/m?®, 17.13
ng/m? and 48.01 pg/m? respectively. On the
other hand in Tamla the SOx, NOx and SPM
results were 60.12 pg/m?, 118.62 pg/m® and
532.10 pg/m® respectively. The changing
biochemical features of the same plant
species on effect of air pollution in both sites
is a characteristics features of tolerant ones.

In Jemua the highest APTI value was
recorded in Anthocephalus kadamba (62.39)
and lowest in Mangifera indica(3.60), on the
other hand in Tamla the highest value
occupied by Alstonia scholaris (136.40) and
lowest value by Ficus benghalensis (21.34).

There is a range of APTI index which
indicates that, plants having APTI value 0-1
is most sensitive to air pollution; those
having 1-16 is sensitive; the APTI value 17-
29 is intermittently tolerant and the plants
having APTI values 30-100 considered as
tolerant to air pollution (Mashita and Pise,
2001).
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Table.1 Ascorbic acid, pH, Total Chlorophyll and Relative Water Content of different plant species at
Jemua (a relatively non polluted site in Durgapur)

Name of the Ascorbic acid pH Chlorophyll RWC APTI

Plant Species

Jemua Tamla Jemua Tamla Jemua Tamla Jemua Tamla Jemua Tamla
Alstoniascholaris (L.)R.Br. 63.06 188.85 5.06 5.21 3.43 1.58 57.44 81.76 59.28 136.40
Anthocephaluskadamba (Roxb.)Mig. 74.59 19496  4.03 3.99 3.09 1.80 92.91 86.96 62.39 121.57
DalbergiasissooRoxb. 15.91 42.70 5.75 5.77 1.83 2.31 87.31 70.00 20.79 41.50
Ficus benghalensis L. 111 15.03 5.48 6.85 1.97 2.13 68.07 78.49 7.63 21.34
Ficus religiosa L. 3.98 82.80 7.62 6.68 2.95 2.05 93.68 92.88 13.57 81.57
Mangifera indical. 5.05 45.24 4.33 4.33 211 2.72 3.49 86.91 3.60 40.58
Pongamiapinnata (L.) Pierre 31.09 65.68 551 5.75 2.27 1.33 79.13 83.10 32.10 54.81
ShorearobustaGaertn. 8.38 89.42 4.33 5.23 2.93 2.15 87.56 78.56 14.83 73.84
Table.2 &3

Table 2: ** Correlation is significant at the 0.01 level (2-tailed). | Table 3: ** Correlation is significant at the 0.01 level (2-tailed). (forTamla).

(forJemua). Parameters are abbreviated as follows: ascorbic acid (AA), | Parameters are abbreviated as follows: ascorbic acid (AA), total chlorophyll
total chlorophyll (TCh) and relative water content (RWC). (TCh) and relative water content (RWC).

AA AA

pH -0.403 pH pH -0.556 pH

TCh 0.611  -0.082 TCh TCh -0.508 -0.1 TCh

RWC 0.189 0.356 0.259 RWC RWC 0.31 -0.144 -0.108 RwC

APTI 0.988** -0.3 0.655 0.294 APTI 0.980** -0.443 -0.514  0.357
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Fig.1 Hierarchical cluster analysis of the plants under study site Jemua depending on the
biochemical and APTI values

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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benghalensis (Fb), 5=Ficus religiosa (Fr), 6=Mangifera indica(Mi), 7=Pongamiapinnata(Pp), 8=Shorearobusta
(Sn).
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Fig.2 Hierarchical cluster analysis of the plants under study site Tamla depending on the
biochemical and APTI values

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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Plants code 1=Alstonia scholars (As), 2=Anthocephaluskadamba(Ak), 3=Dalbergiasissoo (Ds), 4=Ficus
benghalensis (Fb), 5=Ficus religiosa (Fr), 6=Mangifera indica(Mi), 7=Pongamiapinnata(Pp), 8=Shorearobusta
(Sn).

Fig.3 Hierarchical cluster analysis of biochemical and APTI values of site Jemua and Tamla
depending on the different selective plant species.
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According to this scale in JemuaMangifera
indica (3.60), Ficus benghalensis (7.63),
Ficus religiosa (13.57) and Shorearo busta
(14.83) were sensitive; Dalbergia sissoo
(20.79) was intermittently tolerant and
remaining three i.e. Pongamia pinnata
(32.10), Alstonia scholaris (59.28) and
Anthocephalus kadamba (62.39) were
highly tolerant to air pollution. In Tamla
Ficus benghalensis (21.34) was
intermittently tolerant and remaining seven
plant species were tolerant to air pollution.
This study reflects that, plants follow
strategies to change their biochemical
property in face of air pollution to survive
their successor.

In conclusion, the APTI values revealed that
the plants which were sensitive or
intermittently tolerant in one place might
become tolerant in other place in eye of air
pollution. But in this study Alstonia
scholaris and Anthocephalus kadamba have
positioned themselves as a tolerant species
against air pollution in both the sites. So the
pollution status of any region could be
detected through analyzing the biochemical
characteristics of plant species as fast as
possible rather than morphological anomaly.
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