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Abstract

Introduction

Considering the present scenario of urban environment pollution, there

The quality of life on the planet Earth is dependent on the quality

is a dire need for the improvement in approach of planting trees and

of environment. Over exploitation of spaces, increasing number of

other plant species. Ornamental and medicinal plants having pollution

automobiles and demographic pressure are some factors which are

solving ability should be included in the plantation plan. Remediation

causing a threat to the environment. Earlier, the plantations in

of heavy metal contaminated sites using chemical or physical

urban areas were done for their aesthetic value but now it is a

techniques is the most challenging task. Phytoremediation can be used

necessity to mitigate urban environmental pollution (Anonymous,

as an alternative remediation and cleaning up technique. The aim of

1981; Pokhriyal et al., 1986). All countries are concerned to

our research was to identify the research plant, Thevetia peruviana as a

handle the problems associated with contaminated sites. Cairney

phytoremediation agent which may associate an important biomass

(1993) estimated number of such sites is significant and the

production with an effective absorption and translocation of heavy
metals. The amount of heavy metals present was determined using
ICP-Auto Analyzer. Selected sites were evaluated for pollution level
scale by applying Pearson Correlation test. Positive correlation
between the degree of pollution and the concentration of heavy metals
was found as the value of ‘r’ for Lead was 0.847 and for Chromium ‘r’
was equal to 0.860. Among the analyzed heavy metals, Pb had the
highest concentrations in all the sampling sites while Ni had the lowest

problem is voluminous. Examination of the influence and
transmittance of pollutants in the form of physiological effects in
food chain from the plant-animal- man is an important topic for
the research of biological amplification of trace elements (Menzel,
1965; Leiterer et al., 1997). There is a dire need to completely
destroy the pollutants if possible or at least to transform them to
harmless substances. Phytoremediation can prove a better option.

concentration whereas Cr was found in between the two. Thevetia

Proper planning of planting trees i.e. selection of pollution-tolerant

peruviana plant showed maximal phytoremedial property with respect

and dust-scavenging trees and shrubs should be done for

to Chromium followed by Lead.

bioremediation of contaminated land (Leiterer et al., 1997;
Amusan et al., 2005).

Keywords: Heavy Metals, ICP-Auto Analyzer, Phytoremediation,
Polluted Sites, Thevetia peruviana.

Phytoremediation is an emerging tool that uses plants to remove
contaminants from soil and water (Kumar et al., 1995). For the
remediation of heavy metals from the soil, phytoextraction (also

*Corresponding authors: neelusood61@yahoo.com

known as phytoaccumulation) should be used in which plants are
employed to accumulate contaminants into the soil and
aboveground shoots or leaves (Kumar et al, 2013).
The research plant i.e. Thevetia peruviana was identified at the
Department of Botany, Kurukshetra University, Kurukshetra. The
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accredition number provided was KUK/BOT/IPS-19. The present

Investigation Procedures:

study was carried out in order to find out if the research plant can

Sample Collection and Treatment:


help in phytoremediation. To achieve this, soil adjoining the plant,

Soil Samples: 3 samples were collected from each site.

roots and leaves of the plant were analyzed by ICP-Auto Analyzer

To determine the heavy metal content in soil, 10g of 15

for the content of heavy metals present in the soil and plant parts.

cm deep soil was collected from each sampling site and

Due to its high detection sensitivity and simultaneous multi-

it was sieved to remove pebbles and debris. The samples

electron capability, ICP-Auto Analyzer is particularly suitable for

were then air-dried and passed through 10 and 20 mesh

the trace analysis of a large number of elements in very low

sieves and preserved.


concentration (Leiterer et al, 1997). An analytical procedure that

Plant Samples: 3g of leaves and roots of the plant were

was accurate, precise and as effective as possible for the

collected from the respective sites. From these sites the prominent

quantitative determination of Cr, Pb and Ni in soil and plant

ground feeder species Cynodon dactylon (grass), growing in the

samples by means of ICP-Auto Analyzer was developed.

vicinity of the plant (within 3 m) was also collected. The samples
were then air-dried and processed. The samples were first digested

MATERIAL AND METHODS

in digestion mixture i.e. conc. HNO3 and double distilled H2O in

Study Area

the ratio of 5:1 for the removal of organic matter. The mixture was

Division of sites:

then centrifuged at 5000 rpm for 15 minutes. The supernatant was

Pertaining to the research work, contaminated soil area was

filtered with Whatmann filter paper no. 42 and then diluted.

divided into three sites i.e. non-polluted, moderately polluted and

Assay: The samples were analyzed by ICP-Auto Analyzer in

highly polluted site. The criterion for selecting different sites was

Central Soil and Water Testing

the constant exposure of the particular site to automobile

The content of Cr was observed at 283.5 nm, Pb at 220.3 nm and

expulsion. The sites were categorized according to Table 1.

Ni at 221.6 nm.

Laboratory, Karnal (Haryana).

Statistical Analysis: For statistical analysis, the samples were
classified according to the sites and the value of Pb, Ni and Cr
detected from the soil. In order to quantitatively analyze and
confirm the relationship among different sites (S1, S2 and S3) and
heavy metal content, a Pearson’s correlation analysis was applied
to dataset. The results were confirmed using Evan’s Table (Table
2).
Table 2: Relationship between strength and value of “r”

Value of ‘r’
0.00-0.19
0.20-0.39
0.40-0.59
0.60-0.79
0.80-1.0

Strength of relationship
Very weak
Weak
Moderate
Strong
Very strong

RESULTS AND DISCUSSION
With the increasing population, the demand for resources is
increasing and the available land for cultivation is decreasing.
Available land has to be divided in two areas-one for growing crop
Fig 1: Non-polluted site, Moderately Polluted site and Highly polluted site(from

plants and the other for the growth of medicinal plants. Crop plants

left to right)

cannot be grown in polluted and heavy-metal loaded soil as it may
harm the food chain but medicinal plants having the potential of

Table 1: Criteria for division of sites

Sites

S1
S2
S3

Description

Non-Polluted
ModeratelyPolluted
Highly Polluted

No of vehicles
passing through
that area per minute
1-2
10-20
20-30
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phytoremediation can be grown in such soils. Heavy metal stress
may help in the elicitation of phytoconstituents. One of the main
advantage of phytoremediation is that of its relatively low cost
compared to other remedial measures (Cunningham et al., 1997;
Waoo et al., 2014). Thevetia peruviana is one of the many such
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plants which is of medicinal value and may prove as a

Correlation Analysis:

phytoremediating plant for certain heavy metals.

The significant relationship between concentration of heavy metals
and extent of pollution was further proved by performing Pearson

Table 3: Comparison of heavy metal content in soil samples of different sites.

Sites

No of
samples

pH

3

7.0-8.5

3

7.1-8.0

Non
Polluted
(S1)
Moderately
Polluted
(S2)
Less
Polluted
(S3)
Average
Value

3

7.1-8.2

7.5

Correlation Analysis (Tables 5 & 6). It is clear that the amount of

Content of heavy metal(ppm)

heavy metals, Pb and Cr are significantly correlated with the extent

Pb
0.35000.8500

Ni
n

Cr
0.02500.0580

of pollution (i.e. the number of vehicles passing through the

1.01501.6000

n

0.07500.0900

1.75001.9000

n

0.1875

0.17000.1750
0.1150

selected sites). Both Chromium and Lead show positive correlation
with the number of vehicles passing through that area in one
minute. As the number of passing vehicles increased, pollution
also increased as indicated by the values of Chromium and Lead in
soil samples. Further, statistically it was also verified as the
Pearson Correlation Coefficient 0.847 in case of Lead and 0.860 in
case of Chromium. Both these results indicate a strong positive

n = negligible

correlation (Tables 5 & 6)
The

following

trends

were

observed

after

quantitative

Table 4: Concentration of Lead and Chromium in soil of different sites.

S.
No
.

Sites

No. of
vehicle
per min

Amount of
Lead (ppm)

Amount
of
Chromium (ppm)

Soil = Pb > Cr > Ni

1

Non polluted

0

0.3576

0.0290

Roots = Cr > Pb > Ni

2

Non polluted

1

0.5164

0.0502

3

Non polluted

2

0.8406

0.0576

4

Moderately
polluted

10

0.7540

0.0616

5

Moderately
polluted

12

0.8507

0.0764

6

Moderately
polluted

15

0.8977

0.0696

7

Highly polluted

20

0.9332

0.0796

8

Highly polluted

22

1.0168

0.1726

9

Highly polluted

27

1.7748

0.1780

determination of the samples:
Non-Polluted Site (S1):

Leaves = Cr > Pb > Ni
Adjoining grass = Cr > Pb > Ni
Polluted Sites (S2 and S3):
Soil = Pb > Cr > Ni
Roots = Cr > Ni ≈ Pb
Leaves = Cr > Pb > Ni
Adjoining grass = Cr > Pb > Ni
It was assumed that polluted sites contain more amounts of heavy
metals and it was confirmed by the results too and also verified by
statistical analysis. Fig 2 shows that the amount of Pb and Cr in
soil in different sites increases in the order- S1 < S2 < S3. However,
Ni was found in negligible amounts.

Table 5: Pearson correlation among content of Lead and the no. of vehicles

1.4

(extent of pollution)

Content of Pb & Cr in ppm

1.2

1
0.8

S1

0.6

S2

0.4

S3

LEAD

Pearson
Correlation
Sig.
(2tailed)
N

0.2

0
LEAD CHROMIUM
Different sites of pollution

Fig 2: Variation in amount of Lead and Chromium present in soil of various
sites.
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NO.
VEHICLES

OF

Pearson
Correlation
Sig.
(2tailed)
N

LEAD

Number
vehicles

1

.847(**)

.

.004

9

9

.847(**)

1

.004

.

9

9

** Correlation is significant at the 0.01 level (2-tailed).
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Table 6: Pearson correlation among content of Chromium and the no. of vehicles
(extent of pollution)

CHROMIUM

Pearson
Correlation
Sig. (2-tailed)
N

NO. OF VEHICLES

Pearson
Correlation
Sig. (2-tailed)
N

of

Pb

0.847

Cr

0.860

Ni

negligible

CHROMIUM

Number
vehicles

1

.860(**)

The value of ‘r’ ranges from -1 ≤ 0 ≤ +1. The closer the value is to

.

.003

+1 or -1, stronger is the linear correlation. So, there appears to be a

9

9

positive correlation between the degree of pollution and the

.860(**)

1

.003

.

9

9

** Correlation is significant at the 0.01 level (2-tailed).

concentration of heavy metals.
We can also describe the strength of correlation using the guide
that Evans (1996) suggests for above value of ‘r’ (Table 2). As the
value of ‘r’ in the present study is between 0.80-1.0, it is

2.0

confirmed from the table that the two variables have a very strong
1.5

positive correlation. The value of ‘r’ was calculated using SPSS1.0

11.5 for windows.
Status of Lead in soil and different plant parts:

LEAD

.5

Amount of Lead in polluted soil was greater than non-polluted
0.0
0

2

4

6

8

10

12

14

16

soils. Lead accumulation showed an increasing trend from S 1 to S3

VEHICLES

Note: X axis indicates the number of vehicles passing from
selected site and Y axis indicates the concentration of Lead (in
ppm) in soil samples
Fig 3: Scatterplot showing relationship between amount of Lead and the number

Moreover, amount of Lead penetration in polluted sites followed
the orderSoil > Roots > Leaves ≈ Adjoining grass
This could be due to aerial pollution and automobile expulsion that
soil absorbed more amount of Lead than other plant parts (Figs 2

of vehicles(extent of pollution)

& 5).

.18
.16

.14
.12

CHROMIUM

.08
.06

.04
.02
-10

0

10

20

30

VEHICLES

Note: X axis indicates the number of vehicles passing from

Content of lead (ppm)

.10

selected site
Y axis indicates the concentration of Lead (in ppm) in soil
samples

Different sites of pollution
Fig 5: Amount of Lead in different plant parts from different sites.
Status of Nickel in soil and different plant parts:

Fig 4: Scatterplot showing relationship between amount of Chromium and the
number of vehicles(extent of pollution)

As Nickel content in soil in all the sites resulted to be of negligible

The findings from this study indicate that determination of heavy

quantity, so it can be assumed that due to automobile expulsions,

metal content in soil and prediction of its relationship with the

soil was not contaminated with Nickel and random low

polluted site by means of statistical methods can be a strong tool

concentration of Ni and random low concentration of Ni in roots of

for monitoring the extent of pollution in agricultural and non-

Thevetia peruviana and grass species would have been because of

agricultural soils. The observed scatter plot (Figs 3 & 4 )suggests a

the constitution of the two species. Therefore, it can be inferred

definite relationship between number of vehicles and concentration

that Thevetia spp. is not playing any significant role in

of heavy metals with larger number of vehicles (i.e. larger degree

bioremediation of the contaminated soil for Ni or the values were

of pollution) tending to be associated with larger concentrations of

inadequate for some inference to be drawn (Fig 6).

heavy metals. In the present study, the value of ‘r’ (Pearson’s

Status of Chromium in soil and different plant parts:

Correlation Coefficient) for the selected heavy metals is-
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From S1 and S2 sites, soil was slightly loaded with Cr but

The grass as groundcover species also absorbed Lead to a smaller

maximally polluted. S3 (highly polluted site) was nearly four times

extent than the select plant but still it may prove harmful as the

more contaminated than S1 (less polluted site). Grass accumulated

ground flora is regularly chopped off and used as fodder. The grass

maximal Cr in S3 site as compared to S1 and S2 sites (nearly four

growing at polluted sites should be burnt and disposed off properly

times the S1 site). Thevetia roots accumulated nearly two times

so that Lead does not enter into the food chain. Though

more Cr in S3 sites in comparison to S1 and S2 sites. Thevetia

concentration of Lead was more in soil samples in the order of S3 >

leaves also accumulated Cr in variable low concentrations in all

S2 > S1, but Chromium absorption was preferred over Lead by

the three sites. Cr accumulation followed an increasing trend from

both Thevetia peruviana and the adjoining grass species

S3 < S2 < S1 (Fig 7).

(Cyanodon dactylon). Our reports of higher accumulation of Pb in
roots as compared to shoots were supported by Jones et al, 1973;

Content of nickel (ppm)
0

0.3

Verma and Dubey, 2003; Seregin and Ivanov, 1997.
High amount of heavy metals triggers the formation of secondary

0.25
0.2

grass

metabolites. Thevetia peruviana can be grown at dividers as it is

0.15

leaf

easy to grow, requires less amount of water and it has

0.1

root

phytoremediation potential. So, Thevetia peruviana can be selected

0.05

soil

as a model system for phytoextraction. i.e. the use of plants to
remove contaminants from soil by the accumulation of

0
S1

S2

contaminants in plant tissue. The results were supported by Patidar

S3

et al. 2016 who suggested that Thevetia neriifolia is the resistant

Different sites of pollution
Fig 6: Amount of Nickel in different plant parts from different sites.

species which can tolerate vehicular pollution so it should be

Content of Chromium (ppm)

planted along heavily polluted roadside. Thevetia peruviana
7

showed very significant trend in Cr uptake from soil and

6

competitively more than grass growing on the adjoining land.

5
4
3

grass

Roots could extract Cr very efficiently. Hence, Thevetia peruviana

leaf

can be selected as a model system for rhizoextraction.

root

2

soil

1

Conclusion
The present study has revealed the ability to rejuvenate the

0
S1

S2

S3

Different sites of pollution
Fig 7: Amount of Chromium in different plant parts from different sites.

contaminated environments effectively. Due to the abundance of
natural plant resources, phytoremediation is the most powerful tool
against industrial pollution. It is much more cost-effective method

Among the three heavy metals undertaken Lead has been found to

since plants self act as a bioreactor. In this concern, Thevetia

occur at highest concentration in all the sites. Pb tends to

peruviana is very important plant. As the result indicates, plants

accumulate in the surface ground layer and its concentration

growing near highways i.e. highly polluted sites are usually

decreases with soil depth (de Abreu et al., 1998). It is easily taken

exposed to more heavy metals than other localities. Presence of

up by the plants from the soil and is accumulated in different

heavy metals triggers the production of secondary metabolites.

organs. Plants growing near highways are usually exposed to more

This approach can prove useful in case of Thevetia peruviana

Lead than other localities (Paivoke, 2002). Moreover, highway

which absorbs significant amount Lead and Chromium from

dividers were selected as most polluted site i.e S3. The amount of

affected soils thus helping in rhizoextraction. It can prove a more

Lead was found in the increasing order S1 < S2 < S3 (Fig 2). Lane

significant phytoremediating agent for Chromium loaded soils

and Martin (1977) demonstrated that roots have an ability to take

than Lead loaded soils as the absorption of Chromium is preferred

up significant quantities of Lead simultaneously restricting its

by both Thevetia peruviana and the ground fodder. In this way,

translocation to above ground parts. In the research plant also,

wastelands or polluted lands can be massively used for the

Lead was more localized to roots only (Fig 5).

production of medicinal plants secreting high amount of secondary
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metabolites. The grass as groundcover species also absorbed heavy

Patidar S, Bafna A, Batham AR and Panwar K (2016). Impact of Urban Air

metals especially Lead, to a smaller extent than the select plant but

Pollution on Photosynthetic pigment and Proline content of

still it may prove harmful as the ground flora is regularly chopped

plants growing along the A.B.road Indore city, India. Int. J.

off and used as fodder. The grass growing at polluted sites should
be burnt and disposed off properly so that Lead does not enter into
the food chain.

Curr. Microbiol. App. Sci. 5(3): 107-113.
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