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Effect of air-borne heavy metals on the biochemical signature of
tree speciesin an industrial region, with an emphasis on
anticipated performance index
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The present study demonstrates elevated concentrations of air-borne heavy metals (Fe, 4.791; Cr, 3.142; Pb,
1.718; Cd, 0.069 ;1g-m~3) in an industrial region and their subsequent accumulation in tree species grown
in that area. Lagerstomia speciosa showed the highest leaf metal concentrations, whereas the lowest metal
concentration was observed in Acacia moniliformis. Air accumulation factors (AAF) for heavy metals
were in the sequence Cd > Cr > Pb > Fe. Plants exposed to air-borne heavy metals showed a significant
(p < 0.01, p < 0.05) decrease in total chlorophyll and soluble sugars content, with higher synthesis of
cellular antioxidants compared with ascorbic acids, proline and thiols (NP-SH). Plants with higher air-
borne metal accumulation factors (AAF) generally have a high air pollution tolerance index (APTI) value.
Assessment of the anticipated performance index (API) gave Alstonia scholarisas the ‘best variety” and A.
moniliformis and Shorea robusta as “very good’ for plantation and greenbelt development in an industrial
region.

Keywords: air-borne heavy metals; air accumulation factor; antioxidants; tolerant species; anticipated
performance index (API)

1. Introduction

Air pollution, including that from vehicular exhausts, has been a major environmental concern
since the beginning of industrialisation, resulting in a greater release of gaseous and particulate
pollutants into the atmosphere [1,2]. Industrial emissions contain appreciable amounts of gaseous
and particulate heavy metals (Fe, Pb, Cr, Cd). In addition, atmospheric deposition has also been
recognised as one of the major source of air-borne heavy metals. Atmospheric heavy metals
are deposited on plant foliar surfaces via industrial emissions and also by rain and dust. Leafy
vegetation is known to accumulate a sizable quantity of air-borne heavy metals [3]. Several authors
have reported a positive relationship between atmospheric deposition and elevated heavy metal
concentrations in exposed plants [4-7].

Plants are very sensitive to both gaseous and particulate pollutants, and can be used as a
bioindicator for monitoring atmospheric pollution. Sensitive species are useful as early warning
indicators of pollution, and tolerant species help in reducing the overall pollution load, leaving
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the air relatively free of pollutants [8]. Plants take up trace elements available in the air and
also in the root environment. Significant yield losses in crop plants exposed to air pollutants
in industrial areas have been reported [9]. Air pollutants in urban and industrial areas may be
adsorbed, absorbed, accumulated or integrated into the plant body, and if toxic may injure the
plant to some degree [10]. Free radical generation is one of the initial responses of plants to abiotic
stress (including heavy metals), and can disrupt normal metabolism through oxidative damage to
cellular components [11]. Several investigations have been performed on the physiological and
biochemical response of plants growing in an industrial region [9,12,13].

The major objectives of this study include: (1) assessment of the atmospheric heavy metal
(Fe, Pb, Cr, Cd) concentration in an industrial zone, (2) the biophysiological response of a plant
community exposed to industrial emissions, and (3) screening of tolerant species by measuring
the anticipated performance index (API) for future plantation and greenbelt development in an
industrial area to mitigate atmospheric pollution.

2. Materialsand methods

21. Studyarea

The research work was conducted at Mangalpur (latitude 23°37’N and longitude 87°08’E), a well-
known industrial complex in the Raniganj coalfield, situated in the western part of West Bengal,
India. This region under the current status of a developing industrial zone consists of mainly
small-scale industries such as sponge iron and ferro alloy, along with their captive power plants;
and has been run for more than 10 years. These industries are thought to be prime contributors
of air-borne heavy metals and responsible for the deterioration in air quality in the surrounding
areas.

The field study component of this research was performed in two different zones from which
air and plant samples were collected.

(1) Industrial sites. The industrial sites were located within a 1-2 km radius of the core industrial
area. This zone is enriched with a number of small-scale industries with a higher density of
heavy vehicles.

(2) Control site. To compare data from industrial site, an unpolluted site was selected and treated
as the control. This zone is a residential area, located 10-12 km from industrial area. This
zone has abundant green vegetation and a lower traffic density.

2.2.  Sampling strategy and analytical procedures

Bulk air particulate matters were monitored using a high volume sampler (NPM-HVS). Monitor-
ing was carried out at regular intervals for 12 h periods in different selected sites. The sampling
sites were free of any high, overhead obstacles that might collect atmospheric particulate matter.
The apparatus was kept at 2 m from the ground, to avoid soil-borne particles. Immediately after
collection, air particulate matter was acidified with 70% HNO3 and stored in the dark at ambient
temperature.

Only abundant plant species, growing in the vicinity of the industrial region were considered
for assessment. The same plant species from the control area were also considered to assess the
impact of air-bone heavy metals on plants and also for comparative evaluation. Fresh leaf samples
were collected from different examined species and cleaned thoroughly with distilled water to
remove dust/particulate matter on the leaf surface.
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To analyse heavy metal concentrations, cleaned plant leaves were oven-died (80 °C), ground
and passed through a 2-mm sieve. A tri-acid mixture (70% HNO3, 65% HCIO4 and 70% H,SOy;
5:1:1) was used to digest air particulate matter and dried plant samples [14]. Digested samples
were filtered (Whatman 42 filter paper), diluted to 50 mL and analysed for Fe, Pb, Cr and Cd in
an atomic absorption spectrophotometer (GBC Avanta).

2.3. Air accumulation factor

The efficiency of heavy metal accumulation in vegetation due to atmospheric deposition is
measured by the air accumulation factor (AAF) [15,16].
The AAF is calculated using the equation:

Metal content in plants/Metal concentrations in air deposition in industrial area
Metal content in plants/Metal concentrations in air deposition in control area

2.4, Estimation of physiological and biochemical parameters

Freshly collected leaf samples were cleaned carefully with distilled water, refrigerated and exam-
ined to estimate some basic biochemical parameters. The pH of the leaf extract and the relative
water content in the leaf was measured as per Sing and Rao [17]. Total chlorophyll content was esti-
mated using 80% acetone [18] and soluble sugars were estimated using the anthrone method [19].
Ascorbic acid was measured according to Mukherjee and Choudhuri [20], and proline content
according to Bates et al. [21]. Non-protein thiol (NP-SH) in plant leaves was estimated using
Ellman’s reagents [22].

2.4.1. Air pollution tolerance index

The air pollution tolerence index (APTI) is unique and incorporates four different biochemical
parameters: total chlorophyll, ascorbic acids, pH of leaf extracts and relative water content [16].
The APTI was calculated using the formula:

A(T+P)+R
10 ’

where A = ascorbic acid (mg-g~1), T = total chlorophyll (mg-g~1), P = pH of the leaf extract
and R = relative water content of leaf (%).

2.4.2. Anticipated performance index

On the basis of APTI and some relevant biological and socio-economic characteristics, the antici-
pated performance index (API) values were calculated for the examined species, and plants were
categorised as excellent, good, moderate and poor [9].

The collected plants species were Delbergia sissoo (Family: Fabaceae), Acacia monili-
formis (Family: Fabaceae), Alstonia scholaris (Apocynaceae), Cassia semia (Family: Fabaceae),
Cassia fistula (Family: Fabaceae), Lagerstomia speciosa (Family: Lythraceae), Tectona gran-
dis (Family: Verbenaceae), Peltophorum pterocarpum (Family: Fabaceae) and Shorea robusta
(Dipterocarpeceae).
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2.4.3. Quality control assurances

Care was taken to collect fresh, uninfected, healthy plant samples from both the control and
polluted sites for investigation. E-mark standard solutions (AR grade, Germany) were used for
atomic absorption spectrophotometer calibration to detect heavy metal concentrations in digested
samples. To maintain accuracy, control standard solutions (blanks) were used at the beginning
and after every five samples. Each analytical method was performed in triplicate to ensure the
accuracy and reliability of the obtained results (reproducibility was within £5%), and only mean
values with standard deviation (SD) were represented.

2.4.4. Satistical calculations

A correlation study (Pearson’s) was perfomed between air-borne heavy metal concentrations and
the foliar heavy metal content of the examined plants. Linear regression analysis was performed
between AAF values of metals and the APTI value of individual tree species. Two-way, two-factor
analysis of variance (ANOVA) tests were introduced to determine the significance (p < 0.05,
0.01) of biochemical alterations in plant species grown in an industrial area in comparison wuth
control sites. All statistical calculations were performed using XL Stat, Version 10.

3. Resultsand discussion

3.1. Atmospheric particulate heavy metal concentrations and their accumulation in
surrounding plants

Atmospheric deposition in an industrial-urban environment is often found to be highly enriched
with heavy metals [4,6,7]. This study revealed high concentrations of total particulate matter
(1458 + 23.64 g - m~2) in the industrial region in comparison with the control site (227 +
16.65 g - m~3), which exceeded prescribed annual average National Ambient Air Quality
Standards (1993) for industrial areas (360 jLg-m~3). Air-borne Fe concentrations in the indus-
trial site (4.791 + 0.128 ug - m~2) were higher than in control areas (0.367 & 0.032 j.g - m—2).
A higher atmospheric Pb concentration in industrial areas has been reported earlier [7,11].
The elevated Pb concentration (1.718 £ 0.105.g - m~3) in our studied area can be attributed
to industrial emissions and a greater density of heavy vehicles in comparison with con-
trol sites (0.632 +0.035ug - m~2). Cr and Cd concentrations in the atmosphere of industrial
regions (3.142 + 0.656 and 0.683 4 0.061 j.g - m~3) were noticeably higher than in control sites
(0.124 4 0.011 and 0.069 + 0.005 j1g - m~3).

Our study revealed (Table 1) that in all the studied species, the Fe concentration was notice-
ably higher than the concentration of other heavy metals (Pb, Cr and Cd). However, heavy
metal accumulation in plants did not follow any particular pattern, which might be due to
their inherent metal accumulation capacity, variations in growth rate and stage of maturity
[5,6]. Heavy metals like Fe are required structural and catalytic components of proteins and
enzymes, essential for the normal growth and development of plants. However, an excess of
these micronutrients and other heavy metals in plants operates as a stress factor [23]. Elevated
levels of heavy metals may cause oxidative stress either by inducing the generation of reactive
oxygen species (ROS) within subcellular compartments or by decreasing enzymatic and non-
enzymatic antioxidants due to an affinity with sulphur-containing groups (-SH) [24]. Among the
examined plant species, L. speciosa showed the highest foliar heavy metal concentrations, while
the lowest heavy metal content was observed in A. moniliformis. AAF values for Fe, Pb and Cr
in the examined plants are presented in Table 2. In all examined plant species, the AAF value
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Table 1. Heavy metal concentrations (ig-g~1) in foliage parts of tree species in industrial sites and control areas (n = 8).

Fe Pb Cr Cd

Plant species Industrial Control Industrial Control Industrial Control Industrial Control

Alstonia scholaris 13.53 +£2.04 3.59+0.89 597 +1.27 0.72+0.16 6.84 +1.41 0.092 +0.01 3.68+0.78 0.046 + 0.005
Acacia moniliformis 11.34 +£1.98 2.56 +0.74 3.09+0.57 0.67 +0.22 6.86 + 1.09 0.11+0.02 2.58 +0.69 0.037 &+ 0.002
Lagerstomia speciosa 19.94 +2.00 3.66 +1.10 11.04 +2.24 0.944+0.28 10.56 4+ 1.68 0.14 +£0.03 115+1.12 0.048 + 0.006
Peltophorum pterocarpum 11.97 +£2.23 1.74 £0.52 6.81+1.34 0.83+0.31 9.74+194 0.084 +0.01 2.06 +£0.61 0.029 + 0.002
Cassia semia 8.75+2.10 1.65+0.32 4.29+0.72 0.65+0.11 5.63 +0.97 0.087 +0.01 1.87 +1.04 0.041 + 0.004
Cassia fistula 18.71£1.90 2.24+0.61 6.90 +1.48 0.96 +0.34 12.93 +£2.02 0.124+0.03 3.03+0.62 0.039 + 0.003
Tectona grandis 21.97 +2.40 422+1.34 10.53 +2.11 1.27+£0.41 11.82 +2.18 0.16 +0.04 7.144+1.07 0.066 + 0.006
Delbergia sissoo 16.44 +2.08 3.14 +0.92 8.65+ 1.66 0.79+0.26 11.89 +1.85 0.106 £+ 0.02 3.04+0.93 0.042 £+ 0.003
Shorea robusta 15.03 +£2.33 3.36 +£1.04 8.43+1.97 1.04 +0.39 7.26 +0.83 0.14+0.03 4.84+1.34 0.051 + 0.004

ABo|0o3 pue Answeyd
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Table 2. Airaccumulation factor (AAF) of different heavy metals with air pollution tolerance index (APTI) in different
plants.

AAF

APTI Regression
Plant species Fe Pb Cr Cd value equation
Alstonia scholaris 1.77 3.08 2.76 10.96 19.05 Y = 0.2451X*
Acacia moniliformis 1.49 1.42 2.38 3.03 13.86 Y =0.15X
Lagerstomia speciosa 2.05 4.28 2.94 10.84 9.74 Y = 0.5243x*
Peltophorum pterocarpum 1.60 2.96 3.05 4.74 10.72 Y =0.29X
Cassia semia 1.03 1.89 1.93 4.61 13.96 Y =0.1702X*
Cassia fistula 212 2.64 381 6.66 10.22 Y =0.3707X*
Tectona grandis 1.17 3.04 2.93 12.65 11.20 Y =0.4384X*
Delbergia sissoo 2.32 3.99 4.74 9.82 12.08 Y = 0.4342x*
Shorea robusta 2.61 3.17 211 9.98 14.93 Y =0.302x*

Note: *Significant R? value at 0.01 level.

was >1 for each heavy metal, indicating a higher accumulation of air-borne particulate metals.
The average air accumulation factors of heavy metals in the examined plant species are in the
order Cd > Cr > Pb > Fe. Our investigation is consistent with earlier studeis [6,7], which also
reported high AAF values for heavy metals in most of the plants grown in an industrial /urban
region.

Correlation analysis between air-borne heavy metal concentrations and foliar heavy metal
content in examined plants did not show significant inter-relations, which may correspond with
the variable capabilities of plants to absorb and accumulate heavy metals. Besides, heavy metal
concentrations in top-soil and prevailing meteorological conditions (wind velocity, direction and
annual average precipitation) can also be determining factors [10].

3.2. Biochemical response of vegetation exposed to industrial emissions

Plants differ markedly in their responses to pollutants, some being highly sensitive and others
hardy and tolerant [25,26]. Continuous exposures to air pollution, even at low concentrations, can
result in injury to plants without exhibiting any distinct visible symptoms.

3.2.1. Total chlorophyll

Chlorophyll content is often measured to assess the impact of environmental stress in plants,
because changes in pigment content are associated with visual symptoms in plants as well as the
photosynthetic rate. Several investigations have shown a reduction in photosynthetic pigments
due to atmospheric pollution [11,12,27]. Our investigation showed a significant (p < 0.05) loss
of chlorophyll in L. speciosa, C. fistula, D. sisoo, T. grandis and A. moniliformisin the industrial
region (Table 3), with C. fistula showing the greatest reduction. The reduction in chlorophyll con-
tent can be explained by a degeneration in the structure of chlorophyll due to substitution of Mg?*
or higher chlorophyllase activity in relation to higher atmospheric heavy metal concentrations.

3.2.2. Soluble sugars

Carbohydrates are important components of storage and structural material in plant species.
Earlier research [13,28] reported a decrease in sugar content in plant species as with an increase
in air pollutant level in industrial and urban areas. The majority of the species examined showed a
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Table 3. Estimation of foliar biochemical constituents of both industrial and control area plant species (n = 8).

Total chlorophyll Soluble sugars Ascorbic acids Proline Non-protein thiol

Plant species Industrial Control Industrial Control Industrial Control Industrial Control Industrial Control
Alstonia scholaris 8.27+0.12 9.12+0.20 6.08+0.19 8.46+0.30 7.56+0.07 5.66+0.17 1.48+0.10* 1.04+0.08 0.62+0.02** 0.29 + 0.04
Acacia moniliformis 336 +0.08* 456+0.17 3.84+0.10* 7.05+0.27 542+0.04* 388+0.16 2.86+0.14* 203+0.13 0.37+0.05 0.32+0.06
Lagerstomia speciosa 5.26 +£0.08* 7.84 £0.17 5.76 £0.15* 10.28 £0.31 1.56 +0.08* 0.94 4+ 0.06 3.70 £ 0.47** 1.22 +0.08 0.84+0.09 0.66 +0.06
Peltophorum pterocarpum  4.16 £0.10 5.24+0.12 296 +0.12 533+023 225+0.29 123+0.04 1724007 0.96+0.06 0.73+0.08% 0.54+
Caswsia semia 462+0.09 524+0.08 4.87+0.10 6.34+024 474+006* 3.38+0.20 3.06+0.32* 189+0.10 0.29+0.07 0.22+0.06
Cassia fistula 2.16+0.18* 4.08+0.17 3.65+0.10* 8.92+0.27 2.65+0.03* 1.62+0.08 3.10+0.04* 213+0.16 1.18+0.08* 0.86=+0.06
Tectona grandis 8.47 +£0.12* 9.66 +£0.25 5.72+£0.22* 11.25+0.38 2.04 £0.06* 1.06 £0.11 3.34 £0.03** 1.24 +£0.08 1.62+0.06™ 0.23+£0.04
Delbergia sissoo 4.124+0.15* 6.24+0.23 4.02+0.09* 6.23+0.21 3.08+0.12 2.74+0.17 1.02+0.13* 0.68+0.06 1.04+0.07** 0.54+0.06
Shorea robusta 7.82+0.18 8.67+0.16 6.14+0.15 8.38+0.28 514+0.13* 3.76+0.17 250+0.34 186+0.06 138+0.10 1.10+0.07

Note: statistical significance shown by *p < 0.05 and **p < 0.01.
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significant (p < 0.01, 0.05) decrease in soluble sugars in comparison with control plants (Table 3),
and the greatest reduction was observed in D. sissoo. the decrease in soluble sugar content may
correspond with a lower photosynthetic rate and higher energy requirements due to air-borne
heavy metal stress.

3.2.3. Ascorbic acids

Ascorbic acid is a cellular antioxidant and a strong reducing agent; it reduces the effect of air
pollution and protects the plant against oxidative damage. Several authors/studies have reported
increased ascorbic acid levels in plants exposed to atmospheric pollutants [11,13,29]. A significant
increase (p < 0.01, 0.05) in ascorbic acid content was observed (Table 3) in most of the plants in
the vicinity of industries compared with species from the control area, and the greatest increase
was observed in T. grandis. A higher level of ascorbic acids may correspond with oxidative stress
due to a greater accumulation of particulate heavy metals.

3.2.4. Proline

The stress-indicator amino acid proline play a major role in plant defence mechanisms, in par-
ticular oxidative damage, and its greater accumulation in metal-stressed plants has been reported
previously [11,30]. The proline concentrations in the majority of plant species near the industrial
area were significantly higher (p < 0.01, 0.05) than in control plants (Table 3). L. speciosa shows
the highest proline accumulation in comparison with other species. Increased proline content in
examined tree species can be explained by water-stress like conditions caused by the oxidative
damage due to heavy metal stress.

3.2.5. Non-protein thiol (NP-SH) content

Stressed plant cells showed enhanced synthesis of NP-SH, a cellular antioxidant to counter the
induced stress situation. NP-SH binds with the metal ions and thus reduces toxicity [23,30]. The
study showed significant (p < 0.01, 0.05) enhancement in thiol (NP-SH) content in Al. scholaris,
P. pterocarpum, T. grandisand S. robusta (Table 3) exposed to industrial emissions enriched with
particulate heavy metals. Our observations support those of an earlier study [23], which also
reported elevated thiol (NP-SH) in metal-stressed plants. The highest elevation in thiol (NP-SH)
content was seen in T. grandis.

The overall situation revealed a decrease in total chlorophyll and soluble sugar content, with
an increase in ascorbic acid, proline and non-protein thiol (NP-SH) in tree species in industrial
areas (Table 3). This can be attributed to higher concentrations of air-borne heavy metals in com-
parison with control sites. The elevated foliar heavy metal content in tree species from industrial
surroundings is associated with a reduction in chlorophyll and interferes with photosynthetic
activity, thus reducing the synthesis of soluble sugars. Cellular antioxidants, viz. ascorbic acid,
proline and non-protein thiol (NP-SH), play a major role in plant defence mechanisms and their
higher synthesis is considered to be a signature of stress condition. The increase in ascorbic acid,
proline and non-protein thiol (NP-SH) content in tree species from industrial surroundings may
correspond with oxidative stress/damage due to the higher accumulation of heavy metals.

3.3. APTI and API of plant species

The effects of air pollution on different physiological parameters of plants are best reflected in
the APTI value. Plants with a higher APTI value are more capable of combatting air pollution,
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but plants with a low APTI value are less tolerant and indicate levels of air pollution [12,16].
In this study (Table 2), Al. scholaris, C. simea, A. moniliformis, S. robusta and D. sissoo showed
noticeably higher APTI values than the other examined tree species and are considered to be
resistant varieties.

Linear regression analysis between the APTI and AAF value of metals (Table 2) exhibited
a significant R? value for most of the studied plant species. The reason for this might be that
plants with a high APTI value are able to accumulate higher concentrations of heavy metals, thus
showing a greater AAF value for metals.

The effectiveness of greenbelt depends on selection of the appropriate plant species, particularly
those tolerant of pollutants in that area [31,32]. Evaluation of APl might be very useful to identify
tree species best suited for planting in an industrial region to mitigate pollution. The method of
classifying plant species as sensitive, intermediate and tolerant may not be entirely satisfactory,
because different stages in the plant life cycle are likely to differ in their sensitivity or resistance
to pollution [9,33].

Plant species commonly grown in industrial areas were evaluated (Table 4) for various mor-
phological, socio-economic and biochemical characteristics, including APTI value. All these
parameters were included in a grading scale (Table 5) to determine the anticipated performance
of the examined plant species. From the investigation, Al. scholaris is evaluated as the ‘best
suited variety’ for plantation in an industrial region, A. moniliformis and S. robusta are assessed
as “very good’, while L. speciosa, C. semia and T. grandis are recognised as ‘good’ and thus can
be used for future plantations in the vicinity of industrial areas to combat atmospheric particulate
metal load.

Table 4. Gradation of plant species on the basis of air pollution tolerance index (APTI) value and other biological and
socio-economic characteristics.?

Grading characteristics Pattern of assessment Grade allotted
Tolerance APTI 6-9 +
9.1-12 ++
12.1-15 +++
15.1-18 ++++
18.1-21 +++++
Biochemical and socio-economic characteristics
Plant habit Small -
Medium +
Large ++
Canopy structure Irregular/sparse -
Semi dense +
Spreading dense ++
Type of plants Deciduous —
Evergreen +
Laminar structure
(i) Size Small -
Medium +
Large ++
(ii) Texture Smooth —
Coriaceous ++
(iii) Hardiness Delineate -
Hardy +
Economic value Less than three uses -
Three—five uses +
More than five uses ++

Note: Gradation characteristics adopted from Shannigrahi etal. [10]. ‘4 sign indicates positive grading and ‘—’ indicates negative grading.
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Table 5. Evaluation of the examined plant species on based on their air pollution tolerance index (APTI) value and various morphological and socio-economic characteristics.

Laminar structure

Grade allotted

APTI Tree Canopy Type of Economic API|
Plant species value habit structure tree Size Texture Hardiness importance Total % Score gradation Assessment
Alstonia scholaris +++++ ++ ++ + ++ - + ++ 15 93.75 7 Best
Acacia moniliformis +++ ++ + + + + + ++ 12 75 5 Very good
Lagerstomia speciosa ++ + ++ — ++ + + + 10 62.50 4 Good
Peltophorum pterocarpum ++ ++ + - — — - — 5 31.25 1 Very poor
Cassia semia +++ + + + + + + + 10 62.5 4 Good
Cassia fistula ++ + + - + - + + 7 43.75 2 Poor
Tectona grandis ++ ++ + - ++ + + + 10 62.5 4 Good
Delbergia sissoo +++ ++ ++ - - - + + 9 56.25 3 Moderate
Shorea robusta +++ ++ + - ++ + + ++ 12 75 5 Very good

Notes: ‘+ sign indicates positive grading and ‘—’ indicates negative grading; API, anticipated performance index.
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4. Conclusion

The APTI rankings of the examined plant species do not coincide with the calculated API gradation
because morphological characters and socio-economic importance can also be major determining
factors. Within a natural environment, the effect of pollutants is always in combination, i.e in
an antagonistic or synergistic form, and it is therefore difficult to differentiate and evaluate the
effect of individual heavy metals on exposed plants. Moreover, the effects of gaseous pollutants
may also be taken into account. A toxicity test for each heavy metal may be useful in evaluating
the the potential contribution of individual heavy metals to phytotoxic damage. Screening of
appropriate plant species might be useful for plantations, to mitigate atmospheric pollution and
maintain a social-aesthetic balance in environments surrounding industrial areas, and also for
future plantations and greenbelt development.
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