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The ficus, grass and commercially important crop plants (sugarcane, wheat & maize) were
evaluated as a phytotool of heavy metals such as Lead (Pb), Copper (Cu), Cadmium (Cd),
Manganese (Mn), Zinc (Zn), Chromium (Cr) and Nickel (Ni) around Jamkhandi. The soil
samples at a depth (0 —20cm) and test plant leaves were taken from different sampling sites
viz, S, S, S.,S,, S, and S, on state highway with high traffic roads passing through the
Jamkhandi (Karnataka) were determined by AAS (Atomic Absorption Spectrophotometer).
Results showed that both soil and test plant species contained elevated levels of the metals.
It was found that the primary source of the contamination occurs mainly by the vehicular
emissions. The increased circulation of toxic metals in soil , ficus & other test plant species
may result in the inevitable build up of such xenobiotics in food chain. The variation in heavy
metal concentrations is due to changes in traffic density and anthropogenic activities. The
increased circulation of toxic metals in soil, grass, ficus, and crops results in the inevitable
buildup of xenobiotics in the food chain. From the results it is concluded that ficus , grass
and crop plants can be used as phytotool to monitor heavy metal pollution in roadside plants.
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INTRODUCTION

Vehicular emissions cause heavy metal pollution and exert
negative impact on environment and roadside vegetation.
Wild plants growing along roadsides are capable of absorbing
considerable amounts of heavy metals; thus, could helpful in
reducing heavy metal pollution (Ur Rehman, et al., 2021).
It is found that environmental pollution has increasing in
tremendous rate and global industrialization has negative
impacts on human health and ecosystem services (Ur Rehman,
etal., 2021).

Now a days the toxic effect of heavy metals are burning issues
and has been studied by many researchers (Yang, et al., 2002;
Nordberg, 2003), the entrance of heavy metals occur in food
chain, as a result of their uptake by roadside plants, agricultural
crops which were grown in contaminated soil (Bakidere and
Yamam, 2007). The toxic and hazardous effects of some heavy
metals on human health are very significant and may cause
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many fatal diseases. Lead (Pb) is one of the heavy metal, that
is responsible for anemia. neurological disorder, hyperactivity
and changes in blood enzymes in human body (Mortula and
Rehman, 2002). Cadmium and zinc are important toxic metals
but longtime exposure may cause renal, pulmonary, hepatic
skeletal, reproductive and may also other carcinogenic effects
(Arora,etal.,2011; Bhuiyanetal.,2011).Itis widely recognized
that the principel reasons of heavy metals (Pb, Cd, Cu) derived
from traffic congestion, long range transport and household
heating (Viard, et al., 2004). The spreading of contaminants
is influenced by meteorological parameters such as rainfall,
wind and traffic intensity (Bakirdere and Yaman, 2007). The
same meteorological conditions affect the concentration
of the same contaminants in the roadside soil (Viard, et al.,
2004), the trace density determines the Pb (Lead) level in soil
and vegetation (Othman, et al., 1997: Grigalaviciene et al.,
2005). Accumulation of heavy metal in roadside soil can alter
biological activities in soil and affect the enzymatic activity
of microorganisms such as urease and phosphate (Kumar
& Kumar, 2017). Heavy metals have complex relation with
plant, Histidine, citric acid, malic acid and oxalic acid present
in the plant form complexes with heavy metals and convert
the metals into nontoxic form (Mc Grah, 1994, Agarwal et al.,
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2007) Consumption of such contaminated crops may pose a
health risk to human beings as metals form complexes with
CaOH, NH,, -SH, >NH groups present in protein to catalase
the function of enzyme (Kumar & Kumar, 2017). The new
biological complexes, thus, formed loose their function which
results in breakdown and even damage to the cell also (Kumar
& Kumar, 2017). Due to nonbiodegradable and persistent
nature of heavy metal, they easily accumulated in soft tissues
of human being and can cause biological disturbances and
can cause cardiovascular, kidney, liver and bone diseases
(Momodu & Anyakosa, 2013)

The soil samples and vegetation is the most economic and
reasonable ways for assessing heavy metal status in the
atmosphere (Onder and Dursan, 2006). The effects of vehicular
pollution appear on the physiological aspects of plants (Rai,
2016: Singh et al., 2020). The pH of soil is gradually altered
by the absorption of heavy metals that affect anatomical,
physiological and reproductive attributes of plants. Ramos-
Montano,2020: Farahzadi, et al., 2020).

Heavy metal pollution affects seedling growth and germination
of roadside vegetation (Azab and Hegazy, 2020; Bai et al.,
2020). The germination rate of seeds decreases due to Pb
toxicity (Wu et al., 2020; Wang et al., 2020). Remediation is
mandatory to control heavy metal for recovery and restoration
of ecosystem (Ahn et al., 2020; Algul and Beyhan, 2020).
Phytoremediation is a low cost and healthy useful technique
for the reduction of heavy metals pollution. Different types of
plants with high absorbance capacity for heavy metals can be
used in phytoremediation (Devi and Kumar, 2020: Yan et al.,
2020). Few tree viz, Ficus benghalensis, L., Ficus pinnata,
Dulbergia sissoo, Holoptela integrifolia etc. are used to control
air pollutants (Uka et al., 2021: Ighalo and Adeniyi, 2020). In
order to assess contamination by metals in the vicinity of a
highway. Several studies havde been carried out dealing with
different (Nabuloa et al., 2006: Ondre and Dursan, 2006)
compartments: study of global deposit, roadside soil and
vegetation ( Viard, et al., 2004). Information on accumulation
of heavy metal on roadside soil of this city due to high traffic
and vehicles is very limited (Aktaruzzaman, et al., 2013). But
this could be the new threat for agriculture. Determination
of heavy metal accumulation in roadside accumulation in
roadside soil may be an index of the environmental pollution
of Jamkhandi city. Keeping this view in mind, the research was
conducted to know the heavy metal accumulation of roadside
soil ,grass ficus & crop plants along the roadside of Jamkhandi.

MATERIAL AND METHODS

Jamkhandi is the city of Northern region of Karnataka at
latitude 16°04! N to 16°21! North and longitude 75° 26'E to
76° 02! Eastern. The city is suffered from high traffic density
caused by vehicles. The ficus, grass and crops viz, wheat,
maize, sugarcane and soil were collected during October
2022, which were three meters away from the state high way
(Fig. 1 and Table. 1). passing through bypass of Jamkhandi
city, Ficus ( Ficus benghalensis L,) Grass Cynodon dectylon
(L) Pers, Wheat (7riticum aestivum L), Sugarcane (Saccharum
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officinarum L) & Maize

Table. 1 Sampling stations along state highway of Jamkhandi

Station No. Samphng Nature of station
station
Jamkhandi Unpolluted area- Vehicular
Control (Royal Palace': movement is negl'lglble,
Group of Insti- | unpolluted area with less
tutes) disturbance
1 Jamkhandi Vehicular movement is
Bypass road high
Vehicular movement is
2 Hulyal high — Agricultural fields
on either side of the road
Vehicular movement is
high- Agricultural fields on
. either side of the road but
3 Siddapur Prabhulingeshwar sugar
factory is far away from the
state highway
Vehicular movement is
4 Shirol cross | high- Agricultural fields on
either side of the road
Vehicular movement is
5 Malapur high- Agricultural fields on
either side
Vehicular movement is
high- Agricultural fields on
6 Mudhol either side and Nirani sugar
factory is far away from the
state highway.

(Zea mays L) & soil samples were collected from each site
at three random spots that were spaced approximately at one
meter interval. The leaves were clipped with stainless steel
scissors. All the samples of each site were then combined to
give composite samples of about 300 to 500 gm. The test plant
samples were dried at 80°C for 48hrs fine by powdered and
sieved through 0.2mm sieve. One gram sample was digested
using Gerhardt digestion unit using mixed acid digestion
method (Allen et al., 1974). The digested material was diluted
with double distilled water and filtred through Whattman paper
41 and made upto 100ml. Similarly soil was dried, powdered
and sieved through 0.2mm sieve. One gm of sample was
digested Gerhardt digestion unit according to Allen et al.,
(1974) method (mixed acid digestion method). The resulting
extracts were diluted filtered through Whattman No 41 paper
and made upto 100ml using double distilled water and analyzed
for heavy metals viz, Lead (Pb) 217.0 nm, Cadmium (Cd)
228.8nm, Copper (Cu)324nm, Zinc (Zn)213.9nm, Manganese
(Mn)279nm, Nickel (Ni)232.nm and Chomium (Cr)221.8nm
with GBC-932 plus Atomic Absorption Spectrophotometer
(Austrelia) with an air / acetylene flame and metal hollow
cathode lamps by using their respective wavelengths. The
solutions for heavy metals were purchased from Siscochemical
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Laboratory Bombay (1000 mg/It). the working standards were
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Table. 5 Mean concentration of heavy metals (ug/g) and + standard deviation in crops at Shirol
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7 Chromium (Cr) 0.212
*Significant at 5% level (P < 0.05)

The ranges and arithmetic mean of heavy metal concentration
of soil, grass and Ficus samples of state highway and control
sites are presented in the Table 4.

Lead is one of the major heavy metal and considered as an
environmental pollutant (Sharma and Dubey, 2005). Lead is
considered as a general protoplasmic poison which accumulate
and acting slowly. The main source of lead(Pb) is exhaust
fumes of automobiles, chimneys of factory, roadside vehicles
pollution (.Eick, et al., 1999). The results of our analysis
show that there are significant differences for lead between
sampling sites in control and pollutant area. The results shows
that soil tends to accumulate more lead than the grass and
Ficus leaves. The highest Pb level found in the roadside soil
was 141.8pug/g, while the ficus it was found that 23.39ug/g.
similarly in grass, it was 23.39ug/g. the mean soil Pb level of
94.91 pg/g indicated considerable contamination of metal in
the roadside environment, whereas, control soil has baseline
level of 70.50 pg/g. Much of the lead is rapidly washed onto
the soil by rainwater from the surface and also by the death
and decomposition of the plant. The lead deposited in soil
and vegetation can also cause enhanced levels of lead in soil
microorganisms (Harrison et al., 1981., Aiyesanmi et al., 2012,
Khattak et al., 2013), F.R.Sulaiman et al., 2018.

The roadside soil has higher copper concentration due to
industrial pollution near to the sampling location. The source
of Cu may be originates from tires, engine oil consumption,
brake wean and road surface material (Chen et al., 2010, Zang
et al., 2012, Ugolini et al., 2013). The mean Copper level in
roadside soil ( 49.71 pg/g) was found to be much higher than
the grass  (4.87 ng/g) and ficus ( 4.70 pg/g).

The source of Zn in relation to automobile traffic is wearing of
break lining, looses oil and cooling liquid (Saeedi et al., 2009).
Arithmetic mean of Zn of the roadside around Jamkhandi
shows relatively high level of 188.3ug/g with range of 32.29
- 390.54png/g. The range of Zn found in the ficus 24.403pug/g
and 24.50-35.703pg/g, grass 24.50-34.83ug/g (roadside) is
not much higher. This can be attributed to the fact that Zn as an
essential element is normally present in uncontaminated plants
upto 100 pg/g (Ho and Tai, 1988).

Complex changes has been induced by Cd in plants genetical,
physiological and biochemical levels. Cd level in roadside soil
averaged about 2.4 pg/g and was the lowest among the seven
metals analyzed. The mean Cd in Ficus is about 1.22 pg/g and
in grass 1.594 pg/g. Our findings were in confirmation with
findings of Ho & Tai (1988).

The soil, grass and ficus contained much higher levels of Mn
than other metals examined. Roadside soil, grass and ficus
had average 1542 png/g, 56.804 pg/m and 56.10 png/g of Mn
content of the roadside soil may be attributed to the lithogenic
factor apart from the vehicular pollution as indicated by the
high values of Mn of control soil. Chromium is considered as
a serious pollutant due to wide industrial use (Shankar et al.,
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2005). Chromium compounds are highly toxic to plants and
are determined to their growth and development. Significant
differences in our analysis for Cr in soil and in plant samples
are found. Chromium level too was very high in roadside soil
(326.5 pg/g) against the control value of 124.42 pg/g. In grass
it was 4.89 pg/g and in ficus it was found to be 4.62 pg/g
against control (Zero). Nickel level was considerable and was
in roadside soil (88.98 pg/g) against control value (71.0 pg/g).
In grass it was 10.94 pg/g and in ficus it was found that 9.12
pg/g against control (7.16 pg/g).

Simple linear regressions between the metals viz, Pb, Cu, Ni,
Mn, Zn, Cd and Cr present in the soil, grass and ficus were
calculated and are given in the Tables 3 & 4.

According to simple linear regressions between the metal
levels in roadside soil and ficus were found in Zn, Cd and Ni
are significant at 5% level (P < 0.05). It may be indicating
the bioconcentration of these metals in the ficus, in addition to
serial deposition. This may be attributed to the favorable root
environment (Sahu & Warrier, 1985) i.e soil condition might
have favored their absorption.

Simplelinearregression in case of chromium, nickel, manganese
and copper contents between the soil, grass and ficus are not
significant at 5% level, were low due to low bioavailability of
these metals owing to unfavorable root environment. Whatever
excess content of these metals found in soil, grass and ficus
was pressured to be due to aerial deposition contributed by
motor vehicles and other anthropogenic activities.

The order of increment of heavy metals in roadside is as
follows:

Soil: Mn>Cr>Zn>Pb>Ni>Cu>Cd
Grass: Mn > Zn > Pb > Ni > Cr> Cu > Cd
Ficus: Mn>Zn>Pb>Ni>Cu>Cr>Cd

The elevated levels of heavy metals in the roadside soil and ficus
is an indication of airborne pollutants of roadside environment
of the urban area of Jamkhandi city and along the road soil
has high retention capacity for the heavy metals (Yassoglos
et al.,, 1987) due to there cation exchange capacity (CEC),
Complexing organic substances, oxides and carbonates. Thus,
contamination levels increase continuously as long as the
nearby sources remain active. During the last two decades, the
city of Jamkhandi to the extent has witnessed sharp increase
in vehicle number due to urbanization. Similar observation in
Neem and Caesalpinnia in Madhurai city of Southern region
of Tamil Nadu (Thambavani & Vanthana 2013).

In soil, the lesser mobility of metals and its accumulation on
a long term basis, leads to overall higher contamination level
of metals. Whereas, in roadside grass, ficus represents more
accumulation due to turnover of plant materials (like new
growths, the senescence followed by the abscission of old
parts) and meteorological influence (Kabata-Pendias, 2005).
Thus, the study of metal concentration of roadside soil, grass
and ficus reflects the extent of aerial contamination of roadside
environment. The penetration of heavy metals into the food

chains due to vehicular emission may cause a long-range
ecological and health hazard.

Accumulation profile of heavy metals in Crops

There are significant differences between the distribution of
heavy metals in the crops at different sampling station with
varying distances (Table 5). The accumulation of heavy metals
was found to be high in all test crops at different locations
compare to control and found in the order of 5 mt > 25mt >
50mt > 100mt (control) . The mean concentration of Pb level in
test sugarcane collected from 5 to 50mt from the edge of road
was recorded as 22.72 +1.81 pg/g to 8.10 £0.02 pg/g in maize
it was recorded as 18.18 + 0.03 ng/g to 4.25 + 0.02 pg/g and in
wheat it was recorded as 15.70 £ 0.02 pg/gto 3.27 £ 0.07 pg/g,
which was significantly higher than Indian standard (2.5 pg/g)
recommended by Awasthi, (2000). The permissible tolerable
limit in agricultural crops is 10.0 pg/g and normal is varying
from 5.0 to 15.0 pg/g (Kabata-Pendias, 2005) Table. 5.

Lead is a poisonous metal, in human it is directly absorbed
into blood stream and is stored in soft tissues, bones and teeth.
Due to bioaccumulation it leads to chromic damage to central
nervous system (CNS) and peripheral nervous system (PNS)
and also brings difficulties in pregnancy (Peokjoo et al, 2008).
It includes aberrant gene transcription (Boutan et al., 2001).
The mean concentration of Cu level in test sugarcane collected
from 5 to 50mt from the edge of the road was recorded as
4.94 +0.02 pg/g to 3.02 + 0.02 ng/g, in maize it was recorded
as 491+ 0.02 png/g to 3.84 = 0.01 pg/g and also in wheat it
was recorded 4.82 + 0.07 pg/g to 3.92 = 0.01 pg/g which
was significantly lower than tolerable limit in agricultural
crops for Cu is 50pg/g and normal limit is about 5 - 30pg/g
(Kabata- Pendias, 2005) copper is essential element but
higher concentration intake leads to severe mucosal irritation,
widespread capillary damage (Salmeron and Pozo, 1989).

The tolerable limit of agricultural crops for Zinc is 300ug/g
and normal is 27 — 150pg/g. The mean concentration of Zinc
level in sugarcane collected from 5 to 50 mt from the edge of
the road was recorded as 32.84 + 0.01 pg/g to 22.02 £+ 0.03
pg/g, in maize recorded as 30.92+ 0.02 pg/g to 16.04 + 0.04
pg/g and also in wheat it was 28.04 + 0.02 pg/g t012.08.42 +
0.02 ng/g respectively.

Zinc is considered to be relatively nontoxic, however,
excess amount can cause system dysfunctions that results in
impairment of growth and reproduction (Dubey et al., 2007).
Excess concentration of metal in the body bound in various
transcription regions such as polymerase enzymes (Wang et
al., 1997).

Manganese is micronutrient, essential for physiological
functions. The tolerable limit for Mn in agricultural crops is
300 pg/g and normal value is 30to 300 pg/g (Kabata-Pendias,
2005). The mean concentration of Mn level in sugarcane
collected from 5 to 50 mt from the edge of road was recorded
as 54.12 £ 0.01 pg/g to 28.12 + 0.04 pg/g, in maize it was
recorded as 52.08 + 0.02 pg/g to 36.26 = 0.02 pg/g and also
in wheat it was recorded as 53.28 + 0.02 pg/g to 32.18 + 0.01
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ug/g respectively. Mn concentrations in test crops lower than
upper limit recommended by Kabata-Pendias (2005). But
higher concentration is toxic causing neuropsychiatric disorder
characterized by irritability, difficulty in walking and speech
disturbances (Singh and Kalmadhad, 2011).

The permissible tolerable limit in agricultural crops for Cd is
3.0 ng/g and normal is varying from 0.05 to 0.2 pg/g (Kabata-
Pendias, 2005). In control (1000 mt) crop plants maximum
accumulation is recorded in sugar (0.88 + 0.01 pg/g) and
minimum is 0.64 £ 0.06 pg/g in wheat. Cadmium accumulate
in the human kidney, respiratory system, cardiac failure and
is also associated with bone diseases (Singh & Kalmadhad,
2011). (Wang & Crowley, 2005) also reported that disruption
in the transcription of genes in coding ribosomal proteins
explain molecular mechanism of Cadmium toxicity, Cd level
in sugar cane collected from 5 to 50mt from the edge of the
road was recorded as 1.52 + 0.02 pg/g to 1.02 + 0.04 pg/g, in
maize it was recorded as 1.62 + 0.01 pg/g to 0.84 £ 0.01 pg/g
and also it was recorded to about 1.32 + 0.03 pg/g to 0.88 +
0.04 ng/g in wheat respectively.

Chromium is considered as a serious environmental pollutant,
due to industrial (wide) use (Shanker et al., 2005), Chromium
compounds are highly toxic to plants and are detrimental to
their growth. The mean concentration of Cr level in sugarcane
collected from the edge of the road was recorded as 4.63 + 0.01
pg/g to 3.84 + 0.04 ng/g, in maize it was recorded as 4.28 +
0.02 pg/g to 2.54 £ 0.02 pg/g respectively.

Nickel has been considered to be an trace essential element for
human (Animal) health (Zhuang et al., 2012). The permissible
tolerable limit in agricultural crops is 50 pg/g and normal is
about 0.1 to 5.0nug/g. The mean concentration of Ni level in
sugarcane collected from 5 to 50 mt from the edge of the road
was recorded as 4.27 + 0.02 pg/g to 0.74 £ 0.01 pg/g, in maize
it was 2.90 +£ 0.02 pg/g to 0.82 + 0.01 pug/g and also in wheat it
was 2.84 + 0.01 pg/g to 0.74 + 0.01 pg/g respectively. Nickel
occurs mainly in the form of Sulphide and Silicate minerals. Ni
when administrated to animals is rapidly distributed to kidneys,
pituitary, lungs, skin, adrenals, ovaries and testis (Sundaman,
1989). Ni is carcinogenic to human and risks are highest for
lung and nasal cancers. Ni also damages DNA directly through
reactive oxygen species (McCoy and Kinney, 1992).

CONCLUSION

Based on the analysis and results, it could be concluded that
study on roadside soil, test plants and crops confirmed that
vehicular emission is potential source of environment pollution.
The high level concentration Lead, Cadmium and Nickel
concentration in soil will affect the health of the residents as
well as surrounding communities, which may also affect soil
fertility too. The consumption of these crops can considered
safe with no risk to human health. The average intake of metals
in long time low level body accumulation of heavy metals and
detrimental impact becomes apparent only several year of
exposure. These findings also suggest that special attention
should be taken to this traffic related environmental issue and
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further suggest that serious affords required to reduced to high
level of soil remediation and before the consumption of crops
/vegetables should washed to remove significant amount of
aerial accumulation from the surface of crops / vegetables.
Finally, it is recommended that economical plant (vegetables
/crops) should not be cultivated along the roadside and
especially in high traffic density areas.

ACKNOWLEDGEMENT

The authors are thankful to the Management, Royal Palace
Group of Institutes, Jamkhandi 587301(Karnataka) India,
Principal, A.V.K College for Women Davanagere (Karnataka)
India, & Chairman, PG Department Botany, Karnatak
University, Dharwad (Karnataka) India, for providing
necessary facilities to carry out research work.

References

Agarwal, S.B., Singh, A., Sharma, R.K. and Agarwal, M.
2007. Bioaccumulation of heavy metals in vegetables:
A threat to human health. Terrestrial and Aquatic
Environmental Toxicology. vol. 1(2), pp. 13-23.

Ahn, Y., Han, M. and Choi, J. 2020. Monitoring the mobility of
heavy metals and risk assessment in mine affected soils
after stabilization. Journal of Hazardous Materials 400:
123231.10.1016/j-jhazmat.2020.123231 [PudMed]
[Cross Red] [Google Scholar].

Aiyesanmi, A.F., Okoronkwo, A.E. and Sunday, O.M. 2012.
Lead accumulation in Siam weed (Chomoloena odorata),
node weed (Synedrella nodiflora) and water leaf
(Talinum triangulare): potentially phytoremediators.
Arch Appl Sci Res 4(1):360-371.

Aktaruzzaman, M., Fakhruddin, A.N., Choudhary, M.A.,
Fardous, Z. and Alam, M.K. 2013.accumulation
of heavy metals in soil and their transfer to leafy
vegetables in the region of Dhaka Aricha Highways,
Savar, Bangladesh. Pakistan Journal of Biological
Science. 16: 332-338.

Algul, F. and Beyhan, M. 2020. Concentrations and sources
of heavy metals in shallow sediments in Lake Bafa,
Turkey. Scientific reports 10:1-12. 10.1038/s41598-
019-56847-4 [PMC free article] [PudMed] [Cross Red]
[Google Scholar].

Allen, S.E., Grimshow, H.M., Parkinson, J.A and Quamby,
C. 1974. Chemical analysis of ecological materials.
Blackwell Scientific Publication. Osney Mead, Oxford.
UK.

Arora, M., Kiran, B., Rani. S. and Kaur, B. 2008. Heavy metal
accumulation in vegetables irrigated with water from
different sources. Food Chemistry. 111: 811-815.

Awasthi, S.K. 2002. Prevention of food Adulteration Act No.
37 of 1954. Central and state rules as Amended for
1999, 3 ed. Ashoka Law House, New Delhi.

Azab, E. and Hegazy, A.K. 2020. Monitoring the efficiency of
Rhazya stricta L. plants in phytoremediation of heavy
metal-contaminated soil. Plants 9: 1057.10.3390/plants
9091057 [PMC free article] [PudMed] [Cross Ref]



International Journal of Recent Scientific Research Vol. 16, Issue, 01, pp.029-036, January 2025

[Google Scholar]

Bai, T., Liu, Y-Y., Muhammad, 1., Yang, X. and Yin, X-J. 2020.
Mixed nitrogen from addition facilities the growth
adaption of legume plant to heavy metal contamination
in degraded mining areas. Global Ecology and
Conservation 24: ¢01387. [Google Scholar].

Bakidere, S. and Yaman, M. 2007. Determination of lead,
cadmium and copper in roadside soil and plants in

Elazig. Turkey. Environmental Monitoring Assessment
136: 401-410.

Bhuiyan, M.A., Suruvi, Ni., Dampare, S.B., Islam, M.A.
and Qurashi, S.B. 2011. Investigation of the possible
sources of heavy metal contamination in lagoon and
canal water in the tannery industrial area in Dhaka,
Bangladesh. Environ Monit Assess. 175: 633-649.

Bian, F., Zhong, Z., Zhaung, X., Yang, C. and Gai, X.
2020. Bamboo- An untapped plant resource for the
phytoremediation of heavy metal contaminated soils.
Chemosphere 246: 125750. 10.1016/j.chemosphere.
2019. 125750 [PubMed] [Cross Ref] [Google Scholar]

Boutan, C.M and Pevsner, J. 2000. Effects of lead on gene
expression, Neurotoxicology, 21: 1045-1055.

Chen, X., Xia, X, Zhao, Y. Zhang, P. 2010. Heavy metal
concentrations in roadside soils and correlation with
urban traffic in Beijing China. J Hazard Mater 181:640-
646.

Devi, P. and Kumar, P. 2020.concept and application of
phytoremediation in the fight of heavy metal toxicity.
Journal of Pharmaceutical Sciences and Research 12:
795-801. [Google Schlor].

Dubey, B.K., Sinha, P and Chatarjee, C. 2004. Crop plants
as biological tools for assessing and monitoring
agricultural lands inundated with sewage and sludge,
Bull. Environ. Contam. Toxicol. 72: 429-436.

Eick, M.J., Peak, J.D., Brady, P.V. and Pesck, J.D. 1999.
Kinetics of lead adsorption and desorption of Gooethite:
residence time effect. Journal of Soil Science, 164: 28-
39.

Farahzadi, H.N., Arbabian, S., Majid, A. and Tajadod, G. 2020.
Atmospheric particulate matter adhesion onto pollen: a
review. Aerobialogia 36: 49-62.

Grigalavicine, 1., Rutkoviene, V. and Morozas, V. 2005.
The accumulation of heavy metals Pb, Cu, and Cd at
roadside soil. Polish Journal of Environmental studies.
14: 109-115.

Harrison, R.M., Laxen, DPH. And Wilson, SJ. 1981. Chemical
association of lead, cadmium, copper and zinc in street
dust and roadside soils. Environ. Sci, Technol. 15:
1378-1383.

Ho, Y.B. and Tai, K.M. 1988. Elevated levels of level and other
metals in other roadside soils and grasses and their use
to monitor aerial deposition in Hongkong. Envi. Pollu.
49:37-51

Ighalo, J.O. and Adeniyi. 2020. Adsorption of pollutants by

plant bark derived adsorbents: an empirical review.
Journal of Water Process Engineering 35: 101228
[Google Scholar]

Kabata- Pendias, A. 2005. Heavy metals (Problems and
Solution), Edited bt: W. Salomonas, U. Fronstner and
P. Mader), Springer Verlag, Berlin, Heidelberg, New
York. London, Tokyo, 3-18.

Khattak, M.I., Jana, Akthar. and Rehan, R. 2013. Study of Pb
concentration in roadside plant (Dalbergia sissoo and
Cannabis sativa) in region of quetta. Sci. Int 25: 347-
352.

Kumar, A., Seema and Kumar, V. 2017. Human health risk of
heavy metals in vegetables grown in contaminated soil
irrigated with sewage water. American Journal of Food
Science and Nutrition, vol 4(4), pp. 23-25.

Mc Coy, H. and Kinney, M,A. 1992. A review of bioindicators
on Ni and Mg. It Immune system and oncology,
Magnes. Res, 5: 223-232.

McGrah, S.P. 1994. Effect of heavy metals from sewage sludge
on soil microbes in agricultural ecosystems. In: Ross
SM (Ed). Toxic metals in soil plant system. Join Wiley,
Chichester, UK, pp. 247-274.

Momudu, M.A. and Anyakora, C.A. 2010. Heavy metal
concentration of ground water: The surulere case study.
Res. J. Environmental and Earth Sci. vol. 2(1), pp. 39-
43.

Mortula, M.M. and Rehman, M.S. 2002. Study on waste
disposal at DEPZ Bangladesh Environmental Protection
Agency 2: 807-817.

Nabulo G, Oryem-Origa H, Diamond M (2006) Assessment
of lead, cadmium, and zinc contamination of roadside
soils, surface films, and vegetables in Kampala City,
Uganda. Environ Res 101:42-52.

Nordberg, G. 2003. Cadmium and human health: A perspective
based on recent studies in China. The Journal of Trace
Elements in Experimental Medicine 16:307-319.

Onder, S and Dursan, S. 2006. Air borne heavy metal pollution
of Cedrus libani (A. Rich) in city center of Koyna
(Turkey). Atmospheric Environment, 40: 1122-1133

Othman, [.M., Ai-Oudat, and Al-Masri, M.S. 1997. Lead levels
in roadside soils and vegetation of Damascus city. Sci.
Total Environment. 207: 43-48.

Peokjoo, Y., Sang, S.H. and Ranu, SVS. 2008. Molecular
markers of heavy metal toxicity. A new paradigm
for health risk assessment. Journal of Environmental
Biology, 29(1):1-14.

Pirsaheb, M., Khosravi, T., Sharafi, K., Babajaniand and Rezaei,
M. 2013. Measurement of heavy metals concentration
in drinking water from source to consumption sites in
Kermanshah-Iran, World App. Sci. J.vol, 21(3), pp. 416-
423.

Rai, PK. 2016. Impacts of particular matter pollution on
plants: Implications for environmental biomonitoring.
Ecotoxicology and Environmental safety 129: 120-136.

35



Heavy metal accumulation in roadside plants, certain crops and their effect on consumers

10.1016/j.ecoenv.2016.03.012 [PubMed][Cross Ref]
[Google Schlor]

Ramos-Montano, C. 2020. Vehicular emissions effect on the
physiological and health status of five tree species in
a Bogota, Colombia urban forest. Revista de Biologia
Tropical 68. [Google Schlor].

Rehman, UR., Ahmed, R., Ma, K., Xu, S. and Aslam, M.A.
2021. Ammonium nitrate is a risk for ~ environment:
a case study of Berrot (Lebamon)chemical exposionand
the effects on Environment. Ecotoxicology and
Environmental safety. 210:111834, 10.1016/Lecoenv.
2020.111834 (Published) (Cross Ref) (Google Schlor).

Saeedi, M. Hosseinzadeh, M., Jamshidi, A. and Pajooheshfar,
S.P. 2009. Assessment of heavy metals contamination
and leaching characteristics in highway side soils. Iran.
Environmental Monitoring Assessment. 151: 231-241.

Sahu, K.C. and Warrier, R. 1985. Lead, cadmium and copper
contamination of soil and cvegetation due to vehicular
emission along Powal road in North Bombay. India.
Indian J Earth Science. 12: 50-57.

Salmeron, J and Pozo, R., 1989. Heavy metal uptake from
greenhouse border soils for edible vegetables. Journal
of the Science of food and Agriculture, 49: 307-314.

Shang, C., Wang, 1., Tian, C. and Song, J. 2020. Heavy metal
tolerance and potential for remediation of heavy metal
— contaminated saline soils for the euhalophyte Suaeda
salsa. Plant Signaling and Behaviour 15: 1805902.

Shanker, A.K., Cervantes, C., Loza-Tavera, H. and
Avudainayagam, S. 2005. Chromium toxicity in Plants.
Environmental International, 31: 739-753.

Sharma, P. and Dubey, R.S. 2005. Lead toxicity in plants.
Brazillian Journal of Plant Physiology, 17: 35-52.

Singh, H., Yadav, M., Kumar, N., Kumar, A. and Kumar, M.
2020. Assessing adaptation and migration potential
of roadside trees under the influence of vehicular
emissions: A case study of Grevillea robusta and Ficus
benghalensis planted in an urban city of India. Plos one
15: €0227380. 10. 1371/journal.pone.0227380[PMC
free article] [PudMed] [Cross Ref] [Google Scholar]

Singh, J. and Kalamadhad, A.S. 2011. Effects of heavy
metals on soil, plants human health and aquatic life.
International Journal of research in chemistry and
environment. Vol. 1, issue 2: 15-21.

Sulaiman, F.R., Mustafa, NFS. and Mohd-Khazaai, S.N.
2016. Preliminary assessment of selected metals in
agricultural soils in Jengla, Pahang, Malaysia. Environ
Earth Sci. 75(3):223.

Sunderman, F.W. 1989. Mechanism of Nickel carcinigenesia
Scand. J. Work. Environ, Hith, 15: 1-12.

Thambavani, S.D. and Vathana, V.M. 2013. Caesalpinia as
indicator for heavy metals pollution. Elixir Pollution.
57: 14335-14240.

Ugolini, F., Tognetti, R., Raschi, A. and Bacci, L. 2013. Quercis
ilex L as bioaccumulator for leaf washing with distilled
water and considerations on trees distance from traffic.
Urban for urban green 12(4):576-584.

Uka, U.N., Belford, E.J. and Elebe, F.A. 2021 Effects of road
traffic on photosynthetic pigments and heavy metal
accumulation in tree species of Kumasi Metropolis,
Ghana. SN Applied Sciences 3: 1-12[Google Scholar]

Viard, B., Pihan F., Promeyrat, S. Pihan, J.C. 2004. Integrated
assessment of heavy metal highway pollution:
Bioaccumulation in soil, Graminaceae and land snails.
Chemosphere. 55: 1349-1359.

Wang, A. and Lewis, M.A. 1997. Metal accumulation by
aquatic macrophytes In: Plants for environmental
studies (Eds: W. Wang, J.W. Gorsuch and J.S. Hogkes).
CRC Press. New York. 367-416.

Wang, L., Liu, B.,, Wang, Y., Qin, Y. and Zhou, Y. 2020.
Influence and interaction of iron and lead on seed
germination in upland rice. Plant and Soil 455: 187-
202 [Google Scholar].

Wang. A. and Crowly, D.E. 2005. Global gene expression
responses to cadmium toxicity in Escherichia coli. J.
Bacterol. 187: 3259-3266.

Wu, Z-z., Zhang, Y-x., Yang, J-y., Zhou, Y. and Wang, C-q.
2020. Effect of Vanadium on Testa, Seed Germination
and Subsequent Seedling growth of Alfalfa (Medicago
sativa L.). Journal of Plant Growth Regulation: 1-13.
[Google Scholar].

Yan, A., Wang, Y., Tan, S.N., Yusof, MLM. and Ghosh, S.
2020. Phytoremediation: a promising approach for re-
vegetation of heavy metal- polluted land. Frontiers in
Plant Science 11.10.3389/fpls.2020.00359 [PMC free
article] [PudMed] [Cross Ref] [Google Scholar].

Yang, X.E., Long, X.X., Ni, W.Z., Ye, Z.Q. and Fe, Z.L.
2002. Assessing copper threshold for phytotoxicity and
potential diatery toxicity in selected vegetable crops. J.
Environ. Sci. Health. B. 37:625-635.

Yassoglou, N., Kosomas, C., Asimakopoulos, J and Kallianou,
C. 1987. Heavy metal area, Environmental Pollution,
47:293-304.

Zhaung, M., Yan, X., Zhaung, F., Zeng, C. and Devkota, L.P.
2012. Factorial analysis of heavy metal concentration
in roadside farmland plants around Kathmandu, Nepal
Appl Mech Mter. 178-181: 1016-1021.

How to cite this article:

consumers. Int J Recent Sci Res.16(01), pp.029-036.

Prabhavati. S. Horadi and N.M. Rolli. (2025). Heavy metal accumulation in roadside plants, certain crops and their effect on

sk skosk sk kosk

36



