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Abstract - In recent times, highly developed metropolitan cities have progressively used biodiverse roadside
plants as an eco-sustainable tool for the mitigation of air pollution. The present study has been designed to
scrutinize the impact of particulate matter (PM) deposition and heavy metal accumulation in roadside plants.
Some of the common roadside plants found along the national highway at Thane (Mumbai) region that were
selected for this study are Alstonia schlolaris, Bauhinia variegata, Ficus benghalensis, Ficus religiosa, Cassia fistula,
and Mangifera indica. The inductively coupled plasma atomic emission spectroscopy (ICP-AES) analysis was
carried out for five heavy metals, namely Cr, Cu, Fe, Mn and Zn. The particulate matter deposition was ob-
served to be the highest in Ficus benghalensis (1.14 mg kg™), while it was found to be the lowest in Bauhinia
variegata (0.71 mg kg™). The present study revealed that the accumulation of heavy metals in plants inversely
varies with the deposition of dust on the surface of leaves. The tolerant species of plants can serve as natural bi-
ofilters that can alleviate environmental pollution to certain extent.
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Introduction

The plant physiology, anatomy, and its biochemical con-
stituents are significantly influenced by specific climatic fac-
tors and certain air pollutants. It is a well-known and well-
established fact that biodiversity in metropolitan cities is
considerably affected by modern civilization, industrializa-
tion, economic growth, and urbanization. One such exam-
ple is the city of Thane that has been known for its ecologi-
cally sensitive and rich flora and fauna; however, the severe
stress of air pollution has brought the city on the verge of
an environmental disaster. Green plants function as natural
filters for air pollution as they continuously accumulate and
absorb pollutants from the air. The plants that exhibit high
tolerance towards air pollution are generally recommended
for green belt development in urban and industrial areas
(Tak and Kakde 2017a).

Heavy metals are stable elements (Tokalioglu and Kartal
2006) that cannot be destroyed or degraded, and are known
as the essential natural elements of the Earth’s crust. These
elements enter into the environment due to several anthro-
pogenic activities such as agriculture, industrial process-
es, energy production, and burning of fossil fuel. In urban
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green forests, these metals are released into the environment
in the form of air particulates that scatter in solid or liquid
states, with sizes of about 1 pm (Sawidis et al. 2011). Vehicu-
lar emissions in urban regions are considered to be the pri-
mary source of pollution caused by these elements (Duong
and Lee 2011). Some of the other anthropogenic sources of
heavy metals include traffic, mining processes, combustion of
petrochemical byproducts, diftuse and smelter sources (pip-
ing), human activities, and industrial sources (Al-Khashman
etal. 2011). It was recorded by Thorpe and Harrison (2008),
the high emission rate of automobile exhaust affects the road-
side plants. Friction of brake linings and tires and corrosion
and erosion of vehicular metal parts over time contribute to
the emission of various heavy metal pollutants onto the road-
side environment. Brake linings are generally made up of iron
(Fe) and copper (Cu). The application of brakes results in the
release of iron and copper due to frictional heat (Luhana et al.
2004). Iron is also used in the construction of roads, bridg-
es, and welding work, and corrosion of iron parts over time
leads to release of iron in the environment. During the man-
ufacturing of rubber, zinc is used as an important additive
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for vulcanization of rubber. Hence, erosion and corrosion of
tires leads to release of Zn, (Hjortenkrans et al. 2007). There-
fore, the present study is based on analyzing the accumula-
tion of five heavy metals, namely Cr, Cu, Fe, Mn, and Zn on
plant foliages, and considers the amount of dust deposition.

Dust or particulate matter and gaseous pollutants can have
adverse effects on plants as well as human health (Raabe 1999,
Rai et al. 2013). Since, the leaves of plants are sensitive; they
show visible damages on their surfaces during the overall de-
velopmental stages when exposed to these pollutants (Steub-
ing et al. 1989). Some of the most common and high severity
air pollutants include SO,, NO,, and CO,. These air pollutants
also leave a negative impact on the morphology, physiology,
and biochemistry of plants. At the same time, the use of toler-
ant plant species to mitigate air pollution is widely accepted.
By assessing the morphological, physiological, and biochemi-
cal parameters of plants, an early evaluation of urban air quali-
ty can be arrived at. Several studies were carried out to analyze
and understand the impacts of air pollution on selected plants
in polluted urban regions (Tak and Kakde 2017b).

On the other hand, no systematic analysis has been per-
formed in an urban section of an ecologically sensitive re-
gion such as Thane, India. In addition to this, a plant’s re-
sponse may alter under varying levels of pollution stress (Tak
and Kakde 2017b). Plants are usually readily available and
can be modified more easily compared to other organisms
such as fungi, algae, lichens, or mosses (Berlizov et al. 2007).

In the light of the above-mentioned discussion, the pres-
ent study deals with the quantification of dust particles and
accumulation of heavy metals on the leaves of different road-
side plant species in the Thane (Mumbai) region.

Material and methods

Study area

National highway 48 (NH 48) is a national highway of In-
diathatstartsat Delhiand endsat Chennaiand goes through Jai-
pur, Udaipur, Vadodara, Mumbai, Pune, and Bengaluru, tra-
versing through six states of India. The present investigation
was carried out at National Highway 48 from Teen Haat Naka
(Co-ordinates 19°11°17.4192”N 72°57°49.9932”E) to Kasar-
vadavali (Co-ordinates 19°16°14.1348”N 72°57°53.604”E)
on Ghodbunder road, Thane, Maharashtra. The selected ar-
ea is a high traffic area and the National Highway 48 passes
through it. Thousands of vehicles such as cars, bikes, trucks,
and tractors continuously pass through this area, which is a
source of high level of heavy metals pollution. In addition,
there is a greater intensity of dust accumulation on highway
roads. Hence, the plant foliage along the highway was selected
for the analysis of dust and heavy metals. The Yeoor hill forest
(Co-ordinates 19°13'56.5464 N 72°56'48.066 E) was selected
as non-polluted site (control).

Sampling

The plant species that were selected include Alstonia
scholaris, Bauhinia variegata, Ficus benghalensis, Ficus
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religiosa, Cassia fistula, and Mangifera indica. These plants
are commonly available and grow naturally. For the dust
and heavy metal analysis, the leaf samples of these roadside
plants were taken from the height of 2 to 3 m from ground
level, where high amount of dust particles settle on the sur-
face of foliage. The foliage facing towards roadside was col-
lected for sampling early in the morning from 8.00 a.m. to
10.00 a.m. through random selection. Three replicates of leaf
samples were put in separately labeled zip lock polythene
bags. All the leaf samples were carefully transferred to labo-
ratory for further analysis.

Dust analysis

The amount of dust deposited on the leaf surface area
was calculated by taking the initial and final weight of beaker
in which the leaf samples were washed. The following for-
mula was used for the calculation: W = W2 - W1/A, where
W = dust content (mg cm™), W1 = weight of beaker with-
out dust, W2 = weight of beaker with dust and A = total ar-
ea of leaf in cm*

Heavy metal analysis

Inductively coupled plasma atomic emission spectrosco-
py (ICP-AES) was used for analyzing the presence of heavy
metals, i.e., chromium, copper, iron, manganese, and zinc,
which are commonly and abundantly found in the dust sam-
ples collected from the roadside foliage. Using the closed-
vessel microwave system and the wet method, the collected
samples were processed in a fusion of nitric acid and hy-
drogen peroxide. A high performance microwave digestion
system Multiwave 3000 (Anton Paar) was applied for mi-
crowave digestion of the samples. Perkin Elmer Elan DRC
IT inductively coupled plasma mass spectrometer was used
for the determination of Cr, Cu, Fe, Mn and Zn. To begin
with, 0.1 g (dry mass) of plant sample was weighed into the
digestion vessels. Then, 5.0 mL of concentrated HNO, and
1.0 mL of 30% H,O, were added to each sample. All the
chemicals used for the digestion process were of analytical
grade. The samples were then pre-digested overnight (for
16 hours) in a fume hood at room temperature. Since tem-
perature control was required during the entire decomposi-
tion, a temperature sensor was used in one vessel. The plant
samples were digested according to the specifications of the
following optimized program (power in W/time in min):
1000/28, ventilation for 20 min. During the last step and
ventilation, the internal temperature was limited to 240 °C.
After cooling, the entire digest was transferred in portions
into 60 mL plastic bottles and each bottle was diluted with
50 mL of double deionized water. Similarly, reagent blanks
were prepared for the samples. The entire sample solution
was clear and diluted 10 times before analysis. The ICP-AES
system was calibrated by the method that involved external
standards with Rh, and internal standards with Re. The re-
agent blank solution contained 1% of concentrated HNO.,
Using the reagent blank solutions, a mixed standard solution
was prepared that contained all five elements, i.e., Cr, Cu, Fe,
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Mn and Zn. The background interferences from the plasma
gases, air entrainment, and solvent were corrected by sub-
traction of signals from reagent blank solutions.

Statistical analysis

The correlation coefficient between dependent and in-
dependent variables was calculated using the Analysis Tool-
Pack in Excel. The degree of correlation was determined by
the Pearson correlation coefficient. In the present investi-
gation, the independent variable was dust deposition and
the dependent variables were heavy metals. For all primary
data, n = 12, and significance was tested at a 5% level (that
is, p < 0.05). Data interpretation was executed by one-way
ANOVA, followed by the Tukey Kramer test to check the sig-
nificance of dust accumulation and heavy metal absorption
by plant leaves for selected study sites at (p < 0.05).

Results and discussion
Accumulation of heavy metals

The heavy metals released from vehicular emissions
directly get deposited in soil, and are thus translocated in
plants via the root system (Shparyk and Parpan 1990). Ac-
cumulation of selected heavy metals at control and polluted
sites has been depicted in Figure 1. The elements with me-
tallic properties and atomic number more than 20 are usu-
ally referred to as heavy metals. Heavy metal pollution is
a significant environmental issue as these metals are like-
ly to have toxic effects with increased concentration or ac-
cumulation in plants. The accumulation of heavy metals in
plants leads to physiological toxicity in plants, animals, and
microorganisms. Due to the accumulation of heavy metals,
the leaves may get damaged and cause serious ecological
and health problems if the heavy metals enter into the food
chain. Heavy metal pollution does not undergo biodegrada-
tion and has a harmful effect on biological systems.

In the present investigation, accumulation of chromium
(Cr; Fig. 1A) was recorded to be maximum in Cassia fistula
(16.4 mg kg™') and Bahunia variegata (11.1 mg kg™'), while
the minimum accumulation of this metal was recorded in Fi-
cus religiosa and Ficus benghalensis (1.0 mg kg™'). According
to Pais and Jones (1997), Cr contents in plants ranges from
0.02-0.2 mg kg™ with phytotoxicity at >10 mg kg™'. Cr con-
tent in air ranges from 0.001-1.0 mg m~, but in industrial
regions, it reaches up to 30-50 mg m~. In this investigation,
the concentration of Cr was recorded to be higher in plants
than the values recorded when the plants are under normal
conditions. The presence of Cr in polluted areas is found to
be toxic for the growth of plants. Higher concentration of Cr
in plants results into chlorosis of foliage, necrotic spots, and
injured rot growth (Kabata-Peadias et al. 1994).

The accumulation of Cu was recorded to be the high-
est in Bahunia variegata (39.6 mg kg™) while it was found
to be the lowest in Ficus religiosa (10.8 mg kg™'). The nor-
mal range of Cu in plant leaves is from 3-7 mg kg™ of the
dry matter, while toxicity is in the range of 20-30 mg kg™
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Fig. 1. Accumulation of heavy metals in leaves of Alstonia scholaris,
Bauhinia variegata, Ficus benghalensis, Ficus religiosa, Cassia fistula,
and Mangifera indica at control and polluted sites. A — accumula-
tion of chromium (Cr), B - accumulation of copper (Cu), C - ac-
cumulation of iron (Fe), D - accumulation of manganese (Mn), E
- accumulation of zinc (Zn). Data are mean values (n=3), the error
bars indicate standard deviations. Different letters denote statisti-
cally different means according to the Tukey Kramer post ad-hoc
test (p < 0.05). Control plants were collected from the Yeoor hill
forest (non polluted area).
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(Kabata-Peadias and Pendias 1994). It is observed that the
concentration of Cu in the leaf samples was higher than the
normal limits.

The accumulation of iron (Fe) was recorded to be the
highest in Bahunia variegata (7.963 mg kg™), while it was
recorded to be the lowest in Ficus religiosa (1.081 mg kg™).
The Fe content in plants ranges from 10-1000 mg kg™ in dry
matter. Fe is the most important element in protein constitu-
ent of plants, which helps in N, fixation, and is also known
as a catalyst in chlorophyll formation Caselles et al. (2002).

The maximum accumulation of manganese (Mn) was re-
corded in Cassia fistula (213.6 mg kg™'), while the lowest was
in Ficus benghalensis (38.3 mgkg™) (Figure 1). An excess ac-
cumulation of Mn by plants leads to older leaves with brown
spots (Horiguchi 1987). In this analysis, the Mn concentra-
tion was found to be below the range of toxicity.

The accumulation of Zinc (Zn) was recorded to be the
highest in Bahunia variegata (103.4 mgkg™), while it was the
lowest in Ficus religiosa (45.0 mg kg™). High accumulation
of Zn in plants results in older leaves as it has high bioaccu-
mulation index (Aleksandra et al. 2017).

Accumulation of dust by plants

The accumulation of dust deposition was found to be
the highest in Ficus benghalensis (1.14 mg kg™'), while it was
the lowest in Bauhunia variegata (0.71 mg kg™'). An analy-
sis of dust accumulation indicated insignificant correlation
with the deposition of toxic heavy metals such as Cr, Cu,
Fe, Mn, and Zn at the polluted site. A decreasing sequence
of heavy metal contamination in plant foliage was recorded
as follows:

Ficus benghalensis > Mangifera indica > Cassia fistula >
Alstonia scholaris > Bauhunia variegata > Ficus religiosa.

Figure 2 depicts the dust deposition pattern on foliage of
selected plants. To analyze the correlation between accumu-
lated heavy metals and dust, a correlation matrix was plot-
ted and is presented in Tab. 1. A significant positive correla-
tion was observed between Mn-Cr (0.961), Cu-Fe (0.995),
and Zn-Mn (0.822). Correlation between Cu-Cr, Fe-Cr and
Fe-Mn was not significant, but it was found to be positive.
All selected heavy metals and dust were observed to be neg-
atively correlated. One-way ANOVA test for heavy metals
and dust revealed that all the heavy metals were significant
among control and experimental sites.

The accumulation or absorption of dust depends on the
surface geometry, external climatic changes, phyllotaxy, leaf
area, hairs, cuticle, height, and canopy structure of plant spe-
cies. Plants with broad leaf area and wide branches tend to
absorb more dust. The parameters such as height and phyl-
lotaxy of leaf surfaces are considered to cause a reduction
in the particulate matter or dust deposition on leaf surfaces
(Thambavani and Sabitha 2011). The effect on dust deposi-
tion and heavy metals accumulation in plants foliage in the
present investigation due to these parameters was observed
to be insignificant.
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Tab. 1. Pearson correlation of accumulated heavy metal concentra-
tion (chromium, copper, iron, manganese and zinc) and dust in
leaves of different roadside plant species (Ficus benghalensis, Man-
gifera indica, Cassia fistula, Alstonia scholaris, Bauhunia variegata,
and Ficus religiosa). Significance was tested for p < 0.05 and sig-
nificance values were highlighted by *. Positive values in the matrix
indicate positively correlated, while negative (-) values indicate
inversely correlated results.

Dust Cr Cu Fe Mn Zn
Dust  1.000
Cr -0.357 1.000
Cu  -0.645 0.493 1.000
Fe -0.592 0.477 0.995*  1.000
Mn -0.564  0.961* 0.652 0.637 1.000
Zn -0.619 0.770 0.805 0.764 0.822*  1.000
mControl site  m Polluted site
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Fig. 2. Dust deposition on foliage of Alstonia scholaris, Bauhinia
variegata, Ficus benghalensis, Ficus religiosa, Cassia fistula and
Mangifera indica. Control plants were collected from the Yeoor
hill forest (non polluted area). Data are mean values (n=3). The
error bars indicate standard deviations. Error bars with different
alphabets have statistically different mean inter specific as per the
Tukey Kramer post ad-hoc test (p < 0.05).

Conclusion

From the present study, some useful observations were
made regarding the dust absorbing capacity and the extent
of heavy metal accumulation of different plants. The vehic-
ular emission, known to be hazardous to human health, is
found to negatively impact the life cycle of plants as well.
As the heavy metals are released in soil and in air, plants ac-
cumulate and absorb these into their system either by root
translocation system or through photosynthesis and res-
piration.It was observed that plants, namely Ficus bengha-
lensis, Mangifera indica, Cassia fistula, Alstonia scholaris,
Bauhunia variegata, and Ficus religiosa, have considera-
ble tolerance toward pollutants as they accumulated some
high toxic metals in their system. These plants are suggest-
ed to be planted along roadside where vehicular emission
is more. As plants function as biofilters of air pollution,
they also accumulate some toxic metals into their root sys-
tem, making the soil less toxic. To sum up, urban roadside
plantation can serve as biomarkers or natural biofilters of
air pollution for the development of greenbelts.
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