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ABSTRACT

Urban air pollutants like particulate matter, sulphur dioxide, nitrogen oxides, ozone etc. can
harm the plants but severely effects the human health. It can absorb 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. Tree species
resistivity and susceptibility level to air pollution within avenues of Bangalore has been
evaluated on the basis of Air Pollution Tolerance Index (APTI) value. Four parameters namely
Leaf extract pH, Total Chlorophyll Content (TCh), Relative Water Content (RWC) of Leaf and
Ascorbic Acid content were determined and APTI was computed. The tree species with higher
APTI values like Samanea saman, Bougainvillea glabra, Tabubea argentia, Peltophorum
pterocarpum, Bauhinia acuminata and Polyalthia longifolia were tolerant to air pollutants and
can be used as effective indicators and pollution scavengers. The tree species having higher
APTI value can be given priority for plantation program in newly urbanized areas and avenues
of Bengaluru; effect of air pollution on stress and make the environment clean for healthy life.
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INTRODUCTION
In the present era, air pollution is one of the
serious problems faced by the people globally
due to its transboundary dispersion of
pollutants over the entire world. One of the
reasons is due to ambient environment of an
urban area contaminated with several
pollutants such as carbon monoxide, sulphur
dioxide, oxides of nitrogen, heavy metals and
the plants growing there would be exposed not

only to one but too many pollutants and their
different conditions. Trees play a very
important role in monitoring and maintaining
the ecological balance by actively participating
in the cycling of nutrients and gases like
carbon dioxide and also provide enormous leaf
area for impingement, absorption and
accumulation of air pollutants in order to
reduce the pollution level in the ambient air
environment®,
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Air pollutions can directly affect plants via
leaves or indirectly via soil acidification®!. It
has also been reported that when exposed to
air pollutants, most of the plants experience
physiological changes before exhibiting visible
damage to leaves™.

Pollutant gases like sulphur dioxide
(SOy), nitrogen oxides (NO,) etc. are absorbed
into the mesophyll of the leaves through
stomata. Toxicity of gases like SO, and NOy 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
and killed'. 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. Different plant
species showed a different behaviour for
different pollutants and any plant part could be
indifferently used as bio monitors®.

In the present global environmental
scenario, this problem has become
increasingly severe. The particulates and
gaseous pollutants, alone and in combination,
can cause serious setbacks to the humans and
overall physiology of plants. Dust may affect
photosynthesis, respiration, transpiration and
allow the penetration of phyto toxic gaseous
pollutants®®?. 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 species. Air pollution
tolerance levels of each plant do not show
uniform behaviour. The tolerance depending
upon topography and pollution condition may
be either stress avoidance or stress sensitive®.
In present study, the susceptibility levels of
different plants have been determined on the
basis of their Air Pollution Tolerance Indices.
The plants with low index value were sensitive
to air pollution and vice versa. Where the
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former can be planted as indicator species and
the later as tolerant sink to mitigate pollution.
With this background, the study was attempted
to understand the air pollution tolerance
indices of selected trees in Bengaluru at three
different locations. The objective of the
present study was to evaluate the Air Pollution
Tolerance Index (APTI) of six different plant
species used at three different locations of
Bengaluru as to select particular plant species
to grow in respective areas and their
correlation with respective pollutants.

MATERIAL AND METHODS

Study Area: The present study was carried
out in urban Bangalore; one of the fastest
growing cites in India, with a population of
12.6million [12] indicating a development of
741 Sg. Km area; located 920m above mean
sea level, has salubrious climate throughout
the year with an annual rainfall of about 850-
950mm. Bengaluru charm as a garden city
may have diminished in the last two decades.
Climate: Bengaluru has a tropical savanna
climate with distinct wet and dry seasons. Due
to its high elevation, Bengaluru usually enjoys
a more moderate climate throughout the year,
although occasional heat waves can make
summer somewhat uncomfortable®. Coolest
month is January with an average low
temperature of 15.1°C (59.2°F) and the hottest
month is April with an average high
temperature of 35C (95F)®. The highest
temperature ever recorded in Bengaluru is
39.2°C (103°F) (recorded on 24 April 2016) as
there was a strong El Nino in 2016 [10] There
were also unofficial records of 41°C (106°F) on
that day. The lowest ever recorded is 7.8°C
(46°F) in January 1884"°. Winter temperatures
rarely drop below 14'C (57°F) and summer
temperatures seldom exceed 36'C (97 F).
Bengaluru receives rainfall from both the
northeast and the southwest monsoons and the
wettest months are September, October and
August® in that order the summer heat is
moderated by fairly frequent thunderstorms,
which occasionally cause power outages and
local flooding.
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Plate 1: Map of Bengaluru
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MATERIAL AND METHODS

Tree species were randomly selected from
avenues of Bangalore. Leaf samples were
collected in triplicates of fully matured leaves
and were immediately transferred to the
laboratory for analysis. Leaf samples were
preserved in a refrigerator for further
examination. The following are the different
methods used to determine APTI.

Leaf extract pH: 5g of the fresh leaves was
homogenized in 10ml deionised water. This
was then filtered and the pH of leaf extract
was determined after calibrating pH meter-HI
98130 with buffer solution of pH 4, pH 7 and
pH 9°.

Total Chlorophyll Content (TChl) was
determined by blending 3g of fresh leaves

Copyright © May-June, 2018; IJPAB

were blended and then extracted with 10 ml of
80% acetone and left for 15 minutes for
thorough extraction. Then the liquid portion
was poured into another text-tube and
centrifuged at 2,500rpm for 3 minutes. The
supernatant was then collected and the
absorbance was then taken at 645nm and
663nm  using  Systronics  UV-Visible
Spectrophotometer 118 %°. Calculations were
made using the below formula:

Where, Dx Absorbance of the
extract at the wavelength in nm, V = total
volume of the chlorophyll solution (ml), and
W = weight of the tissue extract (g).

Relative Water Content of Leaf (RWC) was
carried out by collecting fresh leaves of
different plants were weighed and then
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immersed in water over night, blotted dry and
then weighed to get the turgid weight. Then,
the leaves were dried overnight in a hot air
oven at 70°C and reweighed to obtain the dry
weight??. Calculations were made using the
formula:
RWC = [(FW - DW)/ (TW — DW)] x 100
Where,
FW = Fresh weight, DW = dry weight, and
TW = turgid weight.
Ascorbic Acid (AA) content was measured by
weighing 1g of the leaf sample into a test tube,
4ml of oxalic acid — EDTA extracting solution
was added. Then 1ml of ortho phosphoric acid
followed by 1ml 5% tetraoxosulphate (VI)
acid, 2ml of ammonium molybdate and then
3ml of water was added. The solution was then
allowed to stand for 15 minutes, after which
the absorbance at 760nm was measured with
Systronics UV-Vis spectrophotometer 118.
The concentration of ascorbic acid in the leaf
samples were then extrapolated from a
standard ascorbic acid curve®’.
The air pollution tolerance indices (APTI) of
six common plants were determined by the
following standard method®®. The formula of
APTI is given as

APTI = [A (T+P) + R]/10

Where, A = Ascorbic Acid content

(mg/g), T = Total Chlorophyll content

(mg/g), P = pH of leaf extract, and R =

Relative Water content of leaf (%).
Statistical analysis: Statistical analysis was
done by computing the standard deviation and
analysis of variance (ANOVA) at 0.05 levels
of probability and mean discrimination was
done according to the Duncan's multiple range
test using MSTATC 2.0.'

RESULTS AND DISCUSSION

The mean values and percentage increment in
relative water content, pH, total chlorophyll,
ascorbic acid and APTI for all the six species
at respective sites of all the four biochemical
parameters for six tree species at three sites are
shown in Table 1.

Relative Water Content

RWC of a leaf is the water present in it relative
to its full turgidity. High water content within
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plant body helps to maintain its physiological
balance under stress conditions such as
exposure to air pollution when the
transpiration rates are usually high. The
highest value of relative water content in all
the three-selected location was noticed for
Samanea saman with 87.22% at Indian
institute of Horticulture, Hessaraghatta (1IHR)
followed by Peenya industrial area 87.02%
and lowest was at Yelahanka 84.19% while the
least water content was observed for
Polyalthia longifolia 73.59% at Yelahanka
region and at Peenya industrial area
Bougainvillea glabra recorded 79.34% and
Tabubea argentia 83.62% at IIHR. The most
significant change in relative moisture content
of the tree leaves from the experimental sites
was found in Polyalthia longifolia i.e. from
73.59% to 86.75% (Table 1). An increase of
about13.15% of relative water content in
Polyalthia longifolia was observed during
course of study (Table 1). Least change was
found in Samanea saman i.e. from 84.18% to
87.22 % (Table 1) where a reduction of about
3.12 percent was observed'. Found higher
Relative water content in the monsoon
season™. Reported that high leaf RWC was
recorded during rainy season, low in winter
and least in summer season. Plants with high
relative water content under polluted condition
may be tolerant to pollutants.

Leaf extract pH

There are so many factors controlling
tolerance in plants. Plants with lower pH are
more susceptible, while those with pH around
7 are more tolerant. But in overall observation,
most plants showed alkaline pH (Table 1). It is
observed that pH of the leaf extract changes
across the species (Table 1). However, pH of
leaf doesnt change to changing location. In
monsoon, due to washing of leaves there was
least dust accumulation whereas, in winter and
summer dust accumulation is more which can
cause dust particle dissolution in cell sap and
increasing the pH *°. Plants with lower pH are
more susceptible while those with pH around 7
are tolerant”®, The change in leaf extract
might influence the stomatal sensitivity due to
air pollution. Some species sampled exhibited
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a pH towards acidic side, which may be due to
the presence of SO, and NO, in the ambient air
causing a change in pH of the leaf sap towards
acidic site.

Total Chlorophyll

Chlorophyll is an index of productivity of
plant®. Chlorophyll content of plants signifies
its photosynthetic activity as well as the
growth and development of biomass. It is well
evident that chlorophyll content of plants
varies from species to species; age of leaf and
also with the pollution level as well as with
other biotic and abiotic conditions’. Whereas
certain pollutants increase the total chlorophyll
content other decrease it>. The most significant
change in total chlorophyll content in the tree
leaves from experimental site was found in
Bauhinia acuminata i.e. from 1.08 mg/g FW to
2.19 mg/g FW (Table 1). An increase of about
50.68 % of total chlorophyll was observed in
Bauhinia acuminata during course of study
(Table 1). Least change was found in Tabubea
argentia from 0.63 mg/g FW to 0.76 mg/g FW
where an increase of about 20.63 % was
observed (Table 1). Higher levels of total
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chlorophyll observed may be due to its
tolerance nature. Beg et al.’, Katiyar, et al."
and Mir et al.? also suggested that high levels
of automobile pollution decrease chlorophyll
content in higher plants near roadsides.
Ascorbic acid content

Ascorbic acid being a strong reculant protects
chloroplasts against sulphur dioxide induced
hydrogen  peroxide, oxygen and OH
accumulation and this protects the enzymes of
the carbon dioxide fixation cycle and
chlorophyll from inactivation®. Thus, tree
species maintaining higher ascorbic acid level
under polluted condition are considered to be
tolerant to air pollutants. The results of the
study revealed that, Polyalthia longifolia
recorded the least ascorbic acid content in all
the tree locations (0.67mg/g FW, 0.9567mg/g
FW and 1.02167mg/g FW). And Samanea
saman, recorded highest ascorbic acid in all
the three locations (2.24 67mg/g FW, 3.21
67mg/g FW and 6.63 67mg/g FW) can be
considered as pollution tolerant owing to their
high ascorbic acid content (Table 1).

Table 1: Parameters of Air Pollution Tolerance Index

. Ascorbic acid RWC Total chlorophyll
Species (mg/g FW) %) (mg/g FW) pH ATPI
IIHR
Polyalthia longifolia 0.67° 86.75% 2.65° 7 9.32K
Peltophorum pterocarpum 1.43¢ 84.57™ 2.65° 7 9.84"
Bauhinia acuminata 1.86" 87.53% 1.81¢ 7 10.39¢
Tabubea argentia 1.57 83.62% 0.76f 6° 9.42M
Bougainvillea glabra 1.81" 87.06% 1.76° 6° 10.11°
Samanea saman 2.24f 87.22% 2.29° 7 10.80°
PEENYA INDUSTRIAL AREA
Polyalthia longifolia 0.95™ 83.07°® 2.47® 7 9.21K
Peltophorum pterocarpum 1.05' 80.94°1 2.22™ 7 9.06"
Bauhinia acuminata 0.83" 80.88°1 1.08° 7 8.75'
Tabubea argentia 2.38° 80.83°" 0.63 6° 9.66%"
Bougainvillea glabra 1.70' 79.349 0.86% 6° 9.10
Samanea saman 3.21° 87.02% 1.68¢ 7 11.49°
YELAHANKA
Polyalthia longifolia 1.02I" 73.59" 1.93% 7 8.27™
Peltophorum pterocarpum 1.95° 82.34%f 1.83¢ 7 9.96°
Bauhinia acuminata 1.5 79.86" 2.19™ 7 9.39"
Tabubea argentia 2.67° 78.46° 0.65' 6° 9.629M
Bougainvillea glabra 2.48¢ 81.94% 1.69° 6° 10.10°
Samanea saman 6.63 84.18% 1.78¢ 7 14.24°
SE(m) 0.002 2.363 0.035 0.001 0.024
CD (0.05%) 0.074 2.551 0.31 0.310 0.257
CV (%) 2.15 1.18 10.82 0.00 1.55
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Fig. 1: Relationship betweem ATP1 and ascorbic acid in six different species to three different location

CONCLUSION

The tree species Samanea saman recorded
highest ATPI value with 14.24; 11.49; 10.80 in
all the three locations have secured higher
APTI compared to other tree species (Table 1).
However, Polyalthia longifolia (8.82) and
Bauhinia acuminata (8.72) recorded least
ATPl value at Yelahanka and Peenya
industrial area respectively. Further it is also
found that ascorbic acid content in leaf and
ATPI are positively correlated (R?=0.86)
(Figure 1). The tree species with higher and
low APTI value can serve as tolerant and
sensitive respectively. Such tolerant tree
species can effectively used as indicators and
pollution scavengers®’.

REFERENCES

1. Abida, B. and Harikrishna, S., Evaluation
of some tree species to absorb air
pollutants in three industrial locations of
South Bengaluru, India. E- J. Chem., 7:
51- 56 (2010).

2. Agbaire, P. O. and Esiefarienrhe. E., Air
Pollution Tolerance Indices (APTI) of
some plants around Otorogun Gas Plant in
Delta State, Nigeria. J. Appl. Sci. Environ.
Manage. 13(1): 11 — 14 (2009).

3. Allen, L. H., Boote, K. L. and Jones, J.
W., Response of vegetation to rising
carbon dioxide photosynthesis, biomass
and seed yield of Soybeans, Global
Biogeochem. Cy. 13: 1-44 (1987).

Copyright © May-June, 2018; IJPAB

4.

10.

11.

Amaresh and Vidyashree., "Set up rain
gauges in areas prone to flooding". The
Hindu. Chennai, India. Archivedfrom the
original on 16  December  2007.
Retrieved 22 December2007 (2006)..
Arnon, D. I., Copper Enzymes in Isolated
Chloroplasts Polyphenol Oxidase in Beta
vulgaris. Plant physiol. 2 (1): 1-15 (1949).
Ashwini, Y. S., "Bangalore weather back
again". Deccan Herald. Archived from the
original on 4 December 2007.
Retrieved 22 December 2007 (2006).
Bajaj, K. L. and Kaur, G., Spectrophoto-
metric Determination of L. Ascorbic Acid
in Vegetable and Fruits. Analyst. 106:
117-120 (1981).

"Bangalore". India Meteorological
Department, Government of India.
Archived from the original on 8 July 2007.
Retrieved 7 February 2007.

Beg, M. U., Farooq, M., Bhargava, S. K,
Kidwai, M. M. and Lal, M. M,
Performance of trees around a thermal
power station. Environ. Ecol., 8: 791-797
(1990).

10."Bengaluru records highest temperature
since 1931". The Hindu. 2016-04-24.
Retrieved 2017-09-05.

Bhattacharya, T., Kriplani, L. and
Chakraborty, S., Seasonal variation in air
pollution tolerance index of various plant

371


http://www.hindu.com/2006/05/10/stories/2006051022920300.htm
http://www.hindu.com/2006/05/10/stories/2006051022920300.htm
https://web.archive.org/web/20071216110551/http:/www.hindu.com/2006/05/10/stories/2006051022920300.htm
https://web.archive.org/web/20071204091959/http:/www.deccanherald.com/Archives/Dec172006/city115220061217.asp
https://web.archive.org/web/20071204091959/http:/www.deccanherald.com/Archives/Dec172006/city115220061217.asp
http://www.deccanherald.com/Archives/Dec172006/city115220061217.asp
http://www.deccanherald.com/Archives/Dec172006/city115220061217.asp
https://web.archive.org/web/20070708113015/http:/www.imd.ernet.in/section/climate/bangalore1.htm
http://www.imd.ernet.in/section/climate/bangalore1.htm
http://www.thehindu.com/news/cities/bangalore/bengaluru-records-highest-temperature-since-1931/article8516533.ece
http://www.thehindu.com/news/cities/bangalore/bengaluru-records-highest-temperature-since-1931/article8516533.ece

Sumangala et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

species of Baroda City. Univer. J. Environ.
Res. Tech., 3(2): 199-208 (2013).

Census of India, 2011. Government of
India.

Das, S. and Prasad, P., Seasonal variation
in air pollution tolerance indices and
selection of plant species for industrial
areas of Rourkela. 1JEP., 30(12):978-988
(2010).

Dohmen, G. P., Loppers, A. and
Langebartels, C., Biochemical Response
of Norway Spruce (Picea Abies (L) Karst)
towards 14-Month Exposure to Ozone and

Acid mist, effect on amino acid,
Glutathione and  Polyamine  Titers.
Environmental Pollution. 64: 375-383

(1990).

157 http://www.cpc.ncep.noaa.gov/product
s/global_monitoring/precipitation/sn43295
_lyr.gif

16 Joshi, N. and Bora, M., Impact of air
guality on physiological attributes of
certain plants, Rep. Opin., 3(2): 42-47,
(2011).

Jyothi, J. S. and Jaya, D. S., Evaluation of
air pollution tolerance index of selected
plant  species along roadsides in
Thiruvananthapuram, Kerala. J. Environ.
Biol., 31: 379-386 (2010).

Katiyar, V. and Dubey, P. S., Sulphur
dioxide sensitivity on two stage of leaf
development in a few tropical tree species.
Ind. J. Environ. Toxicol., 11: 78-81 (2001).
Kuddus, M., Kumari, R. and Ramteke, P.
W., Studies on air pollution tolerance of
selected plants in Allahabad city, India,
J.Environ. Res. Manag., 2(3): 042-046,
(2011).

Kumar, M. and Nandini, N.,
“Identification and Evaluation of Air
Pollution Tolerance Index of Selected
Avenue Tree Species of Urban Bangalore,
India”, Int. J. Emerg. Technol. Comput.
Appl. Sci., 13: 388-390 (2013).

Mahecha, G. S., Bamniya, B. R., Nair, N.
and Saini, D., Air pollution tolerance

Copyright © May-June, 2018; IJPAB

Int. J. Pure App. Biosci. 6 (3): 366-373 (2018)

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

ISSN: 2320 — 7051
index of certain plant species: A study of
Madri Industrial Area, Udaipur (Raj.)
India, Int. J. Inn. Res. Sci. Engin. Technol.,
2(12): 7927-7929 (2013).

Miria, A. and Khan, A. B., Air pollution
tolerance index and carbon storage of
selected urban trees : A comparative study,
Int. J. Appl. Res. Stud., 2(1): 1-7 (2013).
Mir, Q. A., Yazdani, T., Kumar, A,
Narain, K. and Yunus, M., Vehicular
population and pigment content of certain
avenue trees. Poll. Res., 27: 59- 63 (2008).
Raza, S.H. and Murthy, M. S. R. Air
pollution tolerance index of certain plants
of Naacharam industrial area, Hyderabed.
Indian J. Bot., 11(1): 91-95 (1988).

"Rise in temperature ‘'unusual' for
Bangalore". The Hindu. Chennai, India. 18
May 2005. Retrieved 2 July 2007.
Santhosh, K. E. and Paulsamy, S., Studies
on identification of suitable tree species
for control of air pollution in Tamil Nadu.
Nature  Environment and  Pollution
Technology. 5(4): 591-599 (2006).
Sharma and Ravi.,"Bangalore’'s woes". The
Frontline. Archived from the original on
20 February 2008. Retrieved 5
February 2008 (2005).

Singh, A., Practical plant Physiological.
Kalyani Publishers. New Delhi. 197-198
(1977).

Singh, S. K., Rao, D. N., Agrawal, M.,
Pandey, J. and Narayan., Air pollution
Tolerance index of Plants. J. Environ.
Manag. 32: 45-55 (1991).

Singh, S.N. and Verma, A,
Phytoremediation of air pollutants: A
Review. In: Environmental
Bioremediation technology, Singh, S. N.
and Tripathi, R.D. (Eds.). Springer Berlin
Heidelberg, 293-314 (2007).

Swami, A., Bhatt, D. and Joshi, P. C.,
Effects of automobile pollution on Sal

(Shorearobusta) and Rohini (Mallotus
phillipinensis) at Asarori, Dehradun.
372


https://en.wikipedia.org/wiki/Bangalore#cite_ref-76
https://en.wikipedia.org/wiki/Bangalore#cite_ref-76
http://www.cpc.ncep.noaa.gov/products/global_monitoring/precipitation/sn43295_1yr.gif
http://www.cpc.ncep.noaa.gov/products/global_monitoring/precipitation/sn43295_1yr.gif
http://www.hindu.com/2005/05/18/stories/2005051818670300.htm
http://www.hindu.com/2005/05/18/stories/2005051818670300.htm
https://web.archive.org/web/20080220184237/http:/www.flonnet.com/fl2223/stories/20051118005402400.htm
http://www.flonnet.com/fl2223/stories/20051118005402400.htm

Sumangala et al

32.

Himalayan J. Environ. Zool., 18(1): 57-61
(2004).

Steubing, L., Fangmier, A. and Both, R.,
Effects of SO2, NO2, and O3 on
Population Development and
Morphological and Physiological
parameters of Native Herb Layer Species
in a Beech Forest. Environmental
Pollution. 58: 281-302 (1989).

Copyright © May-June, 2018; IJPAB

Int. J. Pure App. Biosci. 6 (3): 366-373 (2018)
33. Suvarna, L. P., Sravanti, L. and Srinivas,

ISSN: 2320 — 7051

N., Air Pollution Tolerance Index of
various plant species growing in industrial
areas. The Ecoscan. 2(2): 203-206 (2008).

. Tiwari, S. and Tiwari, M., Air pollution

tolerance indices of few plants growing
near Raigarh, India, J. Environ. Res.
Develop., 1(2): 129-135 (2006).

373



