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Name of the 
teacher

Title of the 
book/chapter
s  published

Title of the 
paper

Title of the 
proceedings 
of the 
conference

Name of 
the 
conference

National / 
Internationa
l

Year of 
publication

ISBN number 
of the 
proceeding

Affiliating 
Institute at the 
time of 
publication 

Name of 
the 
publisher

1 Malan Zardi

An 
International 
Multidiscipli
nary 
Quarterly 
Research 
journal

Mergers of 
Banks: 
Needs, 
Issues and 
Challenges

NA

Merger of 
Public 
Sector 
Banks in 
India: 
Problems 
and 
Prospects

Internationa
l 

Jan- March 
2018

2277-5730

Rizvi College 
of Arts, 
Science and 
Commerce 

Ajanta 
Praksahan 

2
Dr. Shadab 
Syed

Taryaq Urdu 
Research 
journal

Special 
issue 
'Shanakht'

NA NA
Internationa
l 

2017 2395-5686

Rizvi College 
of Arts, 
Science and 
Commerce 

Urdu 
Foundation

3
Dr. Abhay 
Ranade

Applied 
Physics V-III

1. Cell 
Structure 
2.Transport 
Process 
3.Measurm
entTechniq
ues 
4.Environm
ental 
Geomagnet
ism. 
5.Anthropo
genic 
Activities.

NA NA National 2018
978-93-5149-
9978-93

Rizvi College 
of Arts, 
Science and 
Commerce 

Sheth

4
Dr. Abhay 
Ranade

A new 
Course in 
Physics. V-I

1.Fresnel 
Diffraction 
2.Fraunhof
er 
Diffraction 
3.Polarisati
on-I,II 
4.Second 
Law of 
Thermodyn
amics.5.Ent
ropy 
6.Third law 
of 
Thermodyn
amics  
7.The 
Third Law 
of 
Thermodyn
amics.

NA NA 2018
978-93-5149-
843-8

Rizvi College 
of Arts, 
Science and 
Commerce 

Sheth

5
Dr. Abhay 
Ranade

A new 
Course in 
Physics. V-II

1.Calculus-
I, 
2.Calculus-
II

NA NA 2018
987-93-5149-
855-1

Rizvi College 
of Arts, 
Science and 
Commerce 

Sheth

6
Dr. Ashfaq 
Khan

NA

Study of 
Prophetice 
Medicines 
in Some 
Common 
Foods pg 
39 as 
second 
Author

 Advances in 
Biological 
Sciences

One Day 
National 
Conference

National 3rd Feb 2018
978-81-933546-
5-0

Rizvi College 
of Arts, 
Science and 
Commerce 

Rizvi 
College 
A/S/C

7
Mr. Vishwas V. 
Deshmukh

Applied 
Physics-I 
Sem-II

1.Acuastics 
of Building 
2.Laser and 
3.Fibre 
optics

NA NA State level 2017
978-93-5273-
511-2

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya

8
Mr. Vishwas V. 
Deshmukh

Applied 
Physics-II 
Sem-IV

1.Basic of 
Modulation 
2.Amplitud
eand 
frequency 
Modulation

NA NA State level 2018
978-93-5299-
068-9

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya 
Pulishing 
House

3.3.2 Number of books and chapters in edited volumes/books published and papers  published in national/ international conference proceedings per 

2017-2018



9
Zaidi Zari 
Haider

.Net 
Technologies

        __  NA NA National 2018
978-93-5273-
968-4

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya 
Pulishing 
House

10
Khan Moharram 
Ali

Applied 
Physics-I 
Sem-III

Proof 
reading and 
editing

NA NA State level 2017
978-93-5273-
511-2

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya 
Pulishing 
House

11
Khan Moharram 
Ali

Applied 
Physics-II 
Sem-IV

Proof 
reading and 
correction

NA NA State level 2018
978-93-5299-
068-9

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya 
Pulishing 
House

12 Dr. Ashfaq Khan

IJR - Blind 
Peer reviewed 
Bi- annual 
Journal Vol 7 
(1) Jul - Dec 
2017 

Chief 
Executive of 
Journal

NA NA National 2017
2231-6124 UGC 
Listed

Rizvi College 
of Arts, 
Science and 
Commerce 

Rizvi 
College 
A/S/C

13
Khan Moharram 
Ali

COLLEGE 
PHYSICS  II

1. The 
Schrodinge
r Wave 
Equation, 
2. Appl. of 
Schrodinge
r Steady 
State 
Equation-
I , 3. Appl. 
of 
Schrodinge
r Steady 
State 
Equation-
II 

NA NA State level 2018-19
978-93-5299-
665-0

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya 
Pulishing 
House

14
Nitesh Joshi and 
Ambika Joshi. 

 Green 
Spaces : 
create your 
own. 

NA NA NA
internationa
l

2018
ISBN:978-1-
64429-

Rizvi College 
of Arts, 
Science and 
Commerce 

Notion 
Press

15

Alkama G. 
Faqih, Nitesh C. 
Joshi and 
Ambika N. 
Joshi 

environment: 
problems, 
mitigation 
practices and 
education.

Phytomonit
oring and 
Phytoreme
diation of 
Dust 
pollution in 
Mumbai

NA NA
internationa
l

2019
ISSN 
NO:978365981
2187. 

Rizvi College 
of Arts, 
Science and 
Commerce 

LAMBAR
T 
Academic 
Publishing

16 Rafat khan

“Game 

Programming
” of 

T.Y.B.Sc.C.S
. Semester 5

NA NA NA National 2019
978-93-89251-
54-7

Rizvi College 
of Arts, 
Science and 
Commerce 

University 
of Mumbai

17 Rafat khan

“Free and 

Open Source 
Software” of 

F.Y.B.Sc.C.S
. Semester 1

NA NA NA National 2019
978-81-941545-
1-8

Rizvi College 
of Arts, 
Science and 
Commerce 

University 
of Mumbai

18
Zaidi Zari 
Haider

ADVANCE
D WEB 
PRORGAM
MIN

NA NA NA National 2019
978-93-5367-
482-3

Rizvi College 
of Arts, 
Science and 
Commerce 

Himalaya 
Pulishing 
House

19
CA Ashfaque 
Karim

The Human 
Resource 
Management 
Policies 
Outlined by 
Imam Ali(as)

NA NA NA
Internationa
l

2019 9.78E+12

Rizvi College 
of Arts, 
Science and 
Commerce 

 Amazon

2018-2019

2019-2020



20 Dr.Nitesh Joshi

Sustainable 
Agriculture 
In The Era 
OfClimateCh
angeeditors: 
Roychowdhu
ry,R., Choud
hury, 
S., Hasanuzz
aman, 
M., Srivastav
a, S. (Eds.) 
ARTICLE

Phytomonit
oring 
And Mitiga
tion Of Air 
Pollution 
By Plants

NA NA
Internationa
l

2020
ISBN 978-3-
030-45669-6

 Rizvi College 
of Arts,Science 
and Commerce

SPRINGE
R 
NATURE

21 Dr.Paul Raj

Economic 
and  Social  
Issues  of 
Call  Centre 

Full Book NA NA National 2020
ISBN  No. 978-
1-67815-735-7

 Rizvi College 
of Arts,Science 
and Commerce

Amitesh     
Publishers 
& 
Company

22 Dr.Paul Raj

Employees in 
  India:  A 
case of 
Mumbai City

Full Book NA NA National 2020
ISBN  No. 978-
1-67815-735-7

 Rizvi College 
of Arts,Science 
and Commerce

Amitesh     
Publishers 
& 
Company

23
Dr. Mariyah 
Gour-Ghori

Journalism 
Studies: An 
Overview

NA NA NA National 2020

September 
2021, Print - 1, 
ISBN-978-93-
91735-96-8

 Rizvi College 
of Arts,Science 
and Commerce

University 
of Mumbai 
Press

24
Dr. Mariyah 
Gour-Ghori

Ethics in 
Journalism

NA NA NA National 2020

September 
2021, Print - 1, 
ISBN-978-93-
91735-96-8

 Rizvi College 
of Arts,Science 
and Commerce

University 
of Mumbai 
Press

25
Dr. Mariyah 
Gour-Ghori

Conceptualizi
ng Popular 
Culture

NA NA NA National 2020

June 2021, 
Print - 1, ISBN 
: 978-93-91735-
04-3

 Rizvi College 
of Arts,Science 
and Commerce

University 
of Mumbai 
Press

26
Dr. Mariyah 
Gour-Ghori

Lavani and 
Powada in 
Maharashtra

NA NA NA National 2020

June 2021, 
Print - 1, ISBN 
: 978-93-91735-
04-3

 Rizvi College 
of Arts,Science 
and Commerce

University 
of Mumbai 
Press

27
Dr. Mariyah 
Gour-Ghori

Leela Dube 
and T.K 
Ommen

NA NA NA National 2020

June 2021, 
Print - 1, ISBN 
: 978-93-91735-
04-3

 Rizvi College 
of Arts,Science 
and Commerce

University 
of Mumbai 
Press

28
Micorecono
mics:FYBA 
Semester I

NA NA NA 2019
ISBN-978-93-
89284-21-8

29
Micorecono
mics:FYBA 
Semester II

NA NA NA 2020
ISBN-978-93-
89756-12-8

30

Public 
Finance: 
SYBA 
Semester III

NA NA NA 2020
ISBN-978-93-
89803-09-9

31

Microecono
mics:TYBA   
    Semester 
V  

NA NA NA 2019
ISBN-978-93-
91066-46-8

32

International 
Economics:T
YBA 
Semester VI

NA NA NA 2020
ISBN-978-93-
89756-38-8

33
Dr. Anjum Ara 
Ahmed

International 
Journal of 
Research

Financial 
Inclusion 
and its 
impact in 
India: An 
Emperical 
Analysis

NA NA
Internationa
l

July – 

December 
2020

ISSN 2231-
6124

Rizvi College 
of Arts, 
Science and 
Commerce

Rizvi 
Education 
Society

2020-2021

Mrs.Shweta 
Dubey

Rizvi College 
of Arts, 
Science and 
Commerce

Sheth 
Publisher



34
Dr. Ashfaq 
Khan

Aarhant 
Multidiscipli
nary 
International 
Education 
Research 
Journal

Non 
Fictional 
and sacred 
ways to 
manage life 
skills laid 
down 1450 
years ago 
by 
untutored 
Prophet

NA NA
Internationa
l

Vol 38, No 
07 : 2021

ISSN 2278-
5655

Rizvi College 
of Arts, 
Science and 
Commerce

Multidiscip
linary 
Scholarly 
Research 
Associatio
n, India & 
Aarhat 
Publication 
and Aarhat 
Journals

35

Dr. Rana 
Ansariya & 
Mrs. Saba 
Molvi

International 
Journal of 
Advance and 
Innovative 
Research

Marine life 
disturbance 
due to 
abandoned 
gears

NA NA
Internationa
l

April-June 
2020-21

ISSN:2394-
7780

Rizvi College 
of Arts, 
Science and 
Commerce

Guwahati: 
Indian 
Academici
ans and 
Reasearche
rs 
association 

36
Mrs. Bushra 
Qureshi

International 
Journal of 
Research

Study on 
Social 
Maturity 
Level of 
Junior 
College 
Students 
And its 
Impact on 
Economy 

NA NA
Internationa
l

20-Jun
ISSN 2231-
6124

Rizvi College 
of Arts, 
Science and 
Commerce

Rizvi 
Education 
Society

37
Ms. Zahra 
Deghani

International 
Journal of 
Research

Impact of 
Empowerm
ent on 
Woman

NA NA
Internationa
l

July – 

December 
2020

2231-6124 
Volume 10(1)

Rizvi College 
of Arts, 
Science and 
Commerce

Rizvi 
Education 
Society

38
Ms. Shabnam 
Sheikh

International 
Journal of 
Research

Study on 
Social 
Maturity 
Level of 
Junior 
College 
Students 
And its 
Impact on 
Economy 

NA NA
Internationa
l

20-Jun
ISSN 2231-
6124

Rizvi College 
of Arts, 
Science and 
Commerce

Rizvi 
Education 
Society

39
Mr. Mohammad 
Gaus Ansari

International 
Journal of 
Research

A Study on 
Impact of 
Empowerm
ent on 
Woman 
Entreprene
urs in India

NA NA
Internationa
l

2020-21
ISSN 2231-
6124

Rizvi College 
of Arts, 
Science and 
Commerce

Rizvi 
Education 
Society

40
Dr. Nitesh Joshi 
& Pallavi 
Menon

Annals of 
Plant 
Sciences

Effect of 
chromium 
on basic 
growth 
factors of 
Pennisetum 
glaucum 
L..X

NA NA
Internationa
l

2021 2287-688X.

Rizvi College 
of Arts, 
Science and 
Commerce

 APS.

41
Dr. Nitesh Joshi 
& Dr. Alkama 
Fakih

Journal of 
Global 
Biosciences 

Analysis of 
elementalc
omposition 
of foliar 
dust in 
mumbai.

NA NA
Internationa
l

2021

ISSN 2320-
1355Volume 
10, Number 1, 
2021, pp. 8314-
832

Rizvi College 
of Arts, 
Science and 
Commerce

Journal of 
Global 
Bioscience
s

42
Dr. Suhana 
Khan

Shodh Sarita

The Impact 
Of Online 
Learning 
On 
Children – 

A Parent 
Perspective
, With 
Reference 
to COVID-
19

NA NA
Internationa
l

Mar-21
ISSN-2348-
2397

Rizvi College 
of Arts, 
Science and 
Commerce

Shodh 
Sarita



43
Dr. Suhana 
Khan

Shodh Sarita

Mobile 
Marketing: 
Customer 
Relation 
With 
Online 
Shopping 
Application 
Through 
Smartphon
e 
Technolog
y, With 
Reference 
To COVID-
19

NA NA
Internationa
l

Mar-21
ISSN-2348-
2397

Rizvi College 
of Arts, 
Science and 
Commerce

Shodh 
Sarita

44 Dr. Nitesh Joshi

Environment 
and Earth 
Science Vol. 
1b.p

Noise 
Pollution in 
Palghar 
Emerging 
Challe 

NA NA
INTERNA
TIONAL

2021

ISBN 978-93-
5547-098-0 
(Print)ISBN 
978-93-5547-
099-7

Rizvi College 
of Arts, 
Science and 
Commerce

B,P 
INTERNA
TIONAL

45 Dr. Nitesh Joshi

New Visions 
in Biological 
Science Vol. 
2

Foliar 
Sound 
Absorption 
Capacities 
of Tree 
Leaves by 
Impedance 
Tube 
Method.

NA NA
INTERNA
TIONAL

2021
ISBN 978-93-
91882-41-9

Rizvi College 
of Arts, 
Science and 
Commerce

B,P 
INTERNA
TIONAL

46 Dr. Nitesh Joshi
Microbes and 
Agro-
Ecosystem

Role of 
Ipomoea 
carnea in 
Phytoreme
diation of 
Heavy 
Metals, 

NA NA
INTERNA
TIONAL

2021
(2021) 
ISBN:9789391
568023

Rizvi College 
of Arts, 
Science and 
Commerce

AGROBIO
S

47
Mrs.Shahida 
Shaikh

Education in 
an  Era of 
Informational
ism

Classroom 
Learning 
before 
Covid and 
Learning 
via Hybrid 
Education 
during the 
Pandemic

NA NA National 2022
ISBN- 978-93-
91002-27-5

Rizvi College 
of Arts, 
Science and 
Commerce

ABS 
Books 
Publisher 
and 
Exporter

48 Dr. Mariyah G

JOURNALIS
M STUDIES: 
AN 
OVERVIEW 
ETHICS IN 
JOURNALIS
M

SYBA- 
SEM IV 
SOCIOLO
GY 
PAPER - 
III THE 
EMERGIN
G FIELDS 
IN 
SOCIOLO
GY 
UASOC40
2

NA NA National 21-Sep
ISBN-978-93-
91735-96-8

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

2021-2022



49 Dr. Mariyah G

SYBA- SEM 
III INDIAN 
SOCIETY: 
STRUCTUR
E AND 
CHANGE

CONTEM
PORARY 
SOCIOLO
GISTS- 
SHARMIL
A REGE 
LEELA 
DUBE & 
T.K 
OOMMEN

NA NA National 21-Jun
ISBN-978-93-
91735-04-3

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

50 Dr. Mariyah G

M.A- SEM I-
PAPER IV 
METHODOL
OGIES OF 
SOCIAL 
RESEARCH 
73553

PHILOSO
PHICAL 
FOUNDA
TIONS 
THE 
NATURE 
OF 
SOCIOLO
GICAL 
INQUIRY

NA NA National 22-Feb
ISBN-978-93-
91735-38-8

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

51 Dr. Mariyah G

M.A- SEM II-
CONTEMPO
RARY 
SOCIOLOGI
CAL 
THEORIES 
93330

SOCIOLO
GY FROM 
BELOWT
HEORIES 
OF 
STRUCTU
RATION, 
HABITUS 
AND 
PRACTIC
E 
THEORIE
S OF 
NETWOR
KS , 
RISKS 
AND 
LIQUIDIT
Y 

NA NA National 21-Dec
ISBN-978-93-
91735-15-9

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

52 Dr. Mariyah G

M.A. 
SOCIOLOG
Y 
SEMESTER 
III (CBCS) 
MEDIA 
AND 
SOCIETY 
SUBJECT 
CODE: 
99078

FUNCTIO
NAL, 
CRITICAL
, 
POLITICA
L 
ECONOM
Y AND 
SOCIAL 
CONSTRU
CTIONIS
M

NA NA National 2022
ISBN-78-93-
91735-84-5

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

53 Dr.Mariyah G

CONTEMPO
RARY 
ISSUES IN 
INDIAN 
SOCIETY

BOOK NA NA National 2021
ISBN-978-93-
91735-09-8

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

54 Dr.Mariyah G

SOCIOLOG
Y PAPER - II 
SOCIOLOG
Y OF 
DEVELOPM
ENT

BOOK NA NA National 2021
ISBN-978-93-
91735-26-5

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

55 Dr.Mariyah G

Globalization 
Governance 
and 
Democracy: 
Progressive 
Communicati
ons and 
Challenges

BOOK NA NA National 2021
978-93-5578-
235-9

Rizvi College 
of Arts, 
Science and 
Commerce

Mumbai 
university 
Press

56 Dr.Mariyah G

Surrogate 
Motherhood 
in 
Contemporar
y India: A 
Study of 
Mumbai City

BOOK NA NA
Internationa
l

2022
978-620-5-
50770-4

Rizvi College 
of Arts, 
Science and 
Commerce

LAMBAR
T 
Academic 
Publishing
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Effect of chromium on basic growth factors of Pennisetum glaucum L.  
 

Nitesh Joshi* and Pallavi Menon 

Department of Botany, Rizvi College of Science, Bandra West, Mumbai-400050, Maharashtra, India. 
 

Abstract: One of the main concerns of agricultural production is heavy metal pollutants. The 

industrialization has resulted in the heavy metal contamination of agricultural soil and ecosystems. Metals 

are a natural component of the earth,  it is when their concentration increases from natural levels, ecological 

deterioration occurs. In the present study, transplant experiments were conducted to evaluate the effect of 

chromium-contaminated soil in Pennisetum glaucum L. The seeds growing in petridishes were exposed to 

chromium, in increasing concentrations of 1, 3, 5, 10, 50, 100, 200, 300, 500 ppm. Each treatment was 

replicated in a randomized design and observed over a period of 7 days. The seedlings were studied for 

their response based on germination rate, seed vigour index, length of the radicle, length of plumule, and 

fresh weight against seeds germinated using distilled water as a control. Five different chromium 

concentrations i.e., 5, 10, 50, 100 & 200 ppm, were applied to the plants. Each treatment was replicated in a 

randomized design and observed for 45 days. The plants were studied for the length of root, length of shoot, 

fresh weight, total chlorophyll content, protein content, and heavy metal analysis compared to a set irrigated 

using distilled water as a control. The root and shoot lengths decreased with an increase in Cr concentrations 

in the transplants. A gradual decrease was observed in the selected parameters, with an increase in Cr levels. 

The values related well with increased Phyto-accumulation of chromium within the tissues of both roots and 

shoots. It was observed that chromium's harmful effects on all the parameters were directly proportional to 

the concentration of solution employed, with the inhibition of growth being more pronounced from 50 ppm 

onwards. As Pennisetum glaucum L. an edible crop despite showing a good potential for application in 

phytoremediation techniques, it can’t be used to hyper accumulate chromium to remove it from the soil. 
 

Keywords: Chromium; germination; transplants; toxicity; phytoremediation; Pennisetum glaucum L. 
 

Introduction 

The term heavy metal denotes metals whose 

density is higher than 4 g/cm3. (Hawkes, 1997) 

Industrial development and urbanization have 

raised metals in soil, aquatic ecosystems, and 

the atmosphere. Some of these essential trace 

metals like zinc & copper act as activators 

of enzymatic reactions, forming metal substrate 

complexes (Mildvan, 1970). However, these 

essential metals are considered toxic when 

present in excessive amounts (Blay lock and 

Huang, 2000). A number of other heavy metals 

such as Cd, Hg, Cr, and As are toxic, leading to 

growth inhibition and death. Iron is also one of 

the heavy metals essential for plants and 

animals (Wintz et al. 2002). Heavy metals have 

been discussed to cause oxidative stress by 

catalyzing the formation of OH free radicals. 

(Fryzova R. et al. 2017).  
 

Recent concerns regarding environmental 

pollution have given rise to developing various 

technologies to clean up the environment. 

Conventional methods of remediation and 

chemical methods are costly and do not produ-

ce optimum results. One of the emerging 

techniques to clean up contaminated soil and 

water is phytoremediation. This method has 

been eco-friendly, affordable, and an effective 

solution to remove heavy metal pollutants from 

contaminated soil. Hyper-accumulator plants 

have been reported to concentrate more than 

10 mg/kg of mercury (Hg), 100 mg/kg of 

cadmium (Cd), 1000 mg/kg of cobalt (Co), 
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chromium (Cr), copper (Cu), and lead (Pb), 

10000 mg/kg of zinc (Zn) and nickel (Ni) (Baker 

and Brooks, 1989). Based on the environmental 

monitoring reports, edible crops grown in these 

contaminated soils to accumulate metals in 

quantities higher than permissible limits and 

are capable of causing health problems in 

animals and human beings consuming these 

plants (Tiller, 1986). 
 

Several researchers have experimented with 

and reported the accumulation and uptake of 

chromium by various crops, Arachis hypogaea 

and Cicer arietenum (Imam Khasim D. et al. 

1994); Ablemoschus esculentum (Jasuja K. et al. 

1997). Jayaprakash et al. 1994 reported 

chromium's effect on chromosomal aberration 

and reduced mitotic activity in Allium cepa. 

Purohit et al. 2003 reported a reduction in the 

length of root and shoot and decreased biomass 

in Solanum melongena and Solanum lycopersicum 

upon being treated with increasing chromium 

concentration. 
 

The traditional method of heavy metal 

stabilization in the soil is excavation and 

removal, it is known to be disruptive to the 

environment and presents us with a problem of 

generated waste and is an expensive process. 

Another viable alternative is soil amendments 

in-situ to decrease the bioavailability of heavy 

metals, it is a less disruptive and cost-effective 

alternative. Recently phytostabilization of 

heavy metal contaminated land has emerged as 

a low-cost and environment-friendly alternative 

to traditional remediation techniques. 

Phytovolatiliza-tion, sequestration, microbial 

extraction are some of the methods employed 

in phytoremediation. 
 

Chromium (Cr) – Selected heavy metals as a 

contaminant 

Chromium is a natural element in the soil, 

yet the increasing concentration makes it a 

potential toxin. In low doses, it is considered 

a necessary element in human and animal 

nutrition, however, large quantities have 

been known to cause devastating effects on 

humans, animals, and plants. Cr3+ is one of the 

elements essential in low concentrations for 

human health, but long-term exposure to it has 

been reported to cause dermatitis, shortness of 

breath, ulceration of septum, bronchitis, pneu-

monia, and pulmonary problems, kidney 

disorders, weakened immunity, and may cause 

cancer.  
 

Studies have suggested that chromium acts 

as a stimulant for plant growth, but certain 

studies have shown otherwise that it does 

more harm than good, posing more of a 

health concern in modern times due to 

industrialization. The problem of soil pollution 

due to industrial advancement has become a 

severe threat in India. Effluents from 

distilleries, electroplating plants, fertilizer and 

pesticide units, steel and paper industries, 

pharmaceuticals, petrochemical, oil refineries, 

thermal power plants, textile, tannery and dye 

industries are a source of pollutants with 

chromium.  
 

Large amounts of chromium have been found 

in agricultural soils due to organic waste as 

fertilizers and wastewater for irrigation. 

Chromium does not degrade biologically and 

will remain stable for several months in the 

soil without changing its oxidation state. 

Chromium exists in several oxidation states, 

but the most stable and common forms are Cr 

(0), the trivalent Cr 3+, and the hexavalent Cr6+ 

species. The valency of chromium plays an 

important role in determining its toxicity, Cr6+ 

is highly toxic and soluble compared to Cr3+ as 

it cannot quickly transfer across cell membranes 

(Mertz, 1992). Phytotoxic symptoms include 

inhibition of seed germination, reduced root, 

shoot growth, and adverse effects on 

physiological processes. Higher concentrations 

of chromium also produce an adverse effect on 

several physiological parameters such as 
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reduction of the rate of photosynthesis, 

impairment of mineral nutrition (Sundara 

Moorthy, et al. 2010), causing oxidative stress 

(Shanker et al. 2005), leaf chlorosis, and 

depressed biomass (Sharma et al. 1995) 

ultimately leading to loss of plant life. Cr3+ is 

considered a micronutrient in humans, being 

necessary for sugar and lipid metabolism 

(Agency for Toxic Substances and Disease 

Registry, 2000) instead of Cr6+, which is 

considered a carcinogen and can enter the 

human body through consumption of 

contaminated plant material. The Canadian 

Soil Quality Guidelines for the Protection of 

Environmental and Human Health, 2007, 

recommends soil should contain less than 

64mg/kg of total chromium and 0.4mg/kg of 

the form hexavalent chromium. The 

permissible limit of chromium for plants is 

1.30mg/kg recommended by WHO.  
 

Chromium (Cr) has been selected as a test metal 

since it has been employed in the leather 

industry, steel, and chemicals, to name a few. 

Since the effects and uptake of Cr6+ on 

Pennisetum glaucum L. have not been 

extensively studied yet; the present study was 

conducted to understand the Cr6+ toxicity by 

observing the morphological and physiological 

responses stress. Therefore, our study focuses 

on chromium's role in plant growth, 

emphasizing that Pennisetum glaucum L. as a 

potential candidate for phytoremediation of 

chromium from contaminated sites. 
 

Material and Methods 

A) Plants Selected: The seeds of Pennisetum 

glaucum L. were purchased from a local seed 

dealer.  
 

B) Heavy metal treatment:  

A 1000 ppm stock solution was prepared for the 

selected heavy metal. This was then diluted to 

prepare  1, 3, 5, 10, 50, 100, 200, 300, 500 ppm to 

treat seeds. All the standards were prepared by 

non – serial dilutions. 

Chromium – Accurately weighed 2.828 g of 99.9 

% of analytical grade Potassium dichromate 

(K2Cr2O7) in 1000 mL of distilled water. 
 

C) Experimental studies:  

Ten surface-sterilized seeds of each species 

uniform in color, weight, and size were selected 

and individually placed in a Petri dish of 9 cm 

diameter on double-layered filter paper. The 

filter paper was moistened with varying 

concentrations of heavy metal solutions with 5 

ml on the first day, followed by 2 ml on 

alternate days for 7 days or depending on the 

moisture every day. Each experiment's 

triplicates were studied in a completely 

randomized design and a separate control 

series using distilled water. Plants of 

Pennisetum glaucum L. were grown in bags 

filled with garden soil using cuttings after 15 

days of growth. One sapling was grown in each 

bag, and each treatment was replicated in a 

randomized design. Normal growth conditions 

were provided to all the plants for their growth. 

The plants were grown for 15 days before 

treatment application and continued for 45 

days after treatment application of 5, 10, 50, 

100, 200 ppm i.e. before harvest.  
 

D) Selection of plant parameters:  

Following morphological characters were 

noted: Length of the root (cm), length of the 

shoot (cm), and fresh weight (g) of the plants 

after 45 days using a centimeter-scale and a 

digital balance. Biochemical tests were 

performed for recording the Chlorophyll 

Content – (Arnon’s Method, 1949), Total 

Protein Content – (Lowry’s Method, 1951), and 

Heavy Metal Analysis for chromium was done 

on the Inductive Coupling Plasma Atomic 

Absorption Spectroscopy (ICP – AAS) facility.  
 

E) Statistical analysis:  

To determine the significance between samples, 

a “Student’s t – test” was carried out at p<0.05 

level of significance. The data were analyzed 

using analysis of variance (ANOVA). Box and 
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Whiskers plot, along with histograms, were 

used for data analysis. Statistical analysis was 

carried out using SPSS software version 11.0. 
 

Result and Discussion 

Effect of Chromium on Total Germination (%) 

The present study showed a trend that higher 

chromium concentrations affected the plants' 

germination (Table 1, Figure 1). The total 

germination of the selected plants subjected to 

the highest chromium concentrations showed a 

significant difference compared to control. 

Pennisetum glaucum L. showed 90% at 100 ppm, 

and the least was 40% observed at 500 ppm.  
 

Table 1. Effect of Chromium on Total 

Germination (%) 
 

Ppm Pennisetum glaucum L. 

Control 100 

1 65 

3 65 

5 95 

10 95 

50 95 

100 90 

200 50 

300 50 

500 40 

values are an average of 30 samples. 
 

Figure 1. Trend graph showing the effect of 

chromium on total germination (%)  
 

 
Effect of Chromium on the Length of Radicle  
 

Table 2. Effect of Chromium on Length of 

Radicle (cm) 

Ppm 
Length of 

radicle 

Length of 

plumule 

Fresh 

weight 

Control 7.63±3.10 5.95±1.10 0.0663±0.01 

1 7.47±3.45** 3.98±1.74* 0.0642±0.02** 

3 9.89±2.75# 5.13±1.29* 0.0462±0.01* 

5 7.12±3.84** 4.58±1.29# 0.0629±0.03# 

10 3.30±1.66* 4.91±1.19* 0.0444±0.01** 

50 0.41±0.26* 2.96±1.67* 0.0321±0.01** 

100 0.32±0.32* 2.4±1.07* 0.0296±0.01** 

200 0.17±0.18* 1.27±0.72* 0.0199±0.00# 

300 0.14±0.60* 0.94±0.40* 0.0178±0.00* 

500 0.13±0.05* 0.49±0.46* 0.0141±0.00* 

*significant at p < .01 ** not significant at p < .05 

#significant at p < .05 values are average of 30 samples 
 

Pennisetum glaucum L.: The length of the 

control value was 7.63 cm. The highest length 

was 9.89 cm at 3 ppm and 0.13cm at 500ppm. 

(Fig. 2) 
 

Figure 2. Effect of Chromium on Length of 

Radicle (cm) of Pennisetum glaucum L. 

  

Effect of Chromium on Length of Plumule 
 

Table 3. Effect of Chromium on Length of 

Plumule (cm) 

Ppm Pennisetum glaucum L. 

Control 5.95±1.10 

1 3.98±1.74* 

3 5.13±1.29* 

5 4.58±1.29# 

10 4.91±1.19* 

50 2.96±1.67* 

100 2.4±1.07* 
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200 1.27±0.72* 

300 0.94±0.40* 

500 0.49±0.46* 

*significant at p < .01 ** not significant at p < .05 

#significant at p < .05 values are average of 30 samples. 
 

Pennisetum glaucum L.: Seedlings had a 

maximum value of 5.13cm length of plumule at 

3 ppm and the lowest average length of 

plumule of 0.49cm at 500ppm. 5ppm and 

10ppm concentrations also showed a length of 

4.91cm and 4.98cm. The control values were 

5.95 cm. (Fig 3) 
 

Figure 3. Effect of Chromium on Length of 

Plumule (cm) of Pennisetum glaucum L. 

 
Effect of Chromium on Fresh weight 
 

Table 4. Effect of Chromium on Fresh weight (g) 

Ppm Pennisetum glaucum L. 

Control 0.0663±0.01 

1 0.0642±0.02** 

3 0.0462±0.01* 

5 0.0629±0.03# 

10 0.0444±0.01** 

50 0.0321±0.01** 

100 0.0296±0.01** 

200 0.0199±0.00# 

300 0.0178±0.00* 

500 0.0141±0.00* 

*significant at p < .01 ** not significant at p < .05 

#significant at p < .05 values are average of 30 

samples 
 

Pennisetum glaucum L.: The lowest values of 

fresh weight were recorded in Pennisetum 

glaucum L. plants. Maximum fresh weight of 

0.0663g for control followed by 0.0642g was 

noted at 1ppm and 0.0141g was the lowest 

average fresh weight at 500pppm. (Fig 4)  
 

Figure 4. Effect of Chromium on Fresh weight 

(g) of Pennisetum glaucum L. 
 

 
 

Effect of Chromium on Seed Vigour Index 

(SVI) 

Based on the collective data of the total 

germination percentage and early seedling 

growth, which shows a decline in the overall 

length of radicle, plumule, and fresh weight, 

the SVI also follows a similar trend for the 

selected plant. All the plants showed a 

significant drop in SVI with an increasing 

concentration of chromium. Pennisetum 

glaucum L. recorded a drop in vigor from 

1111.97 to 25.20 when the concentrations were 

increased from 5ppm to 500ppm.  
 

Table 5. Effect of Chromium on Seed Vigour 

Index (SVI) 

Ppm Pennisetum glaucum L. 

Control 1362.50 

1 657.47 

3 974.35 

5 1111.97 

10 780.90 

50 321 

100 244.80 

200 72 

300 54.25 

500 25.20 

values are average of 30 samples. 
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Figure 5. Trend graph showing the Effect of 

Chromium on Seed Vigour Index (SVI)  

 
 

 

Figure 6. Effect of Chromium on Pennisetum 

glaucum L. 

 
 

The transplants of the selected plants were 

harvested after 45 days, and the following 

parameters were studied. Length of root, length 

of shoot, fresh weight, chlorophyll a, 

chlorophyll b, total chlorophyll, total protein 

content and chromium uptake.  

Effect of Chromium on root length 
 

Table 6. Effect of Chromium on root length 

(cm) of selected plants 

Concentration 
Root 

length 

Shoot 

length 

Fresh 

weight 

Control 15.18±2.30 73.82±0.97 8.02±1.79 

5 ppm 15.03±1.03** 65.56±1.90* 7.81±1.11** 

10 ppm 12.93±2.87* 63.37±1.55* 6.12±1.05* 

50 ppm 11.09±0.95* 65.11±1.33* 7.31±1.50** 

100 ppm 10.87±0.93* 43.9±1.95* 3.74±0.78* 

200 ppm 10.15±1.02* 29.00±1.53* 3.20±0.71* 

 *significant at p < .01 ** not significant at p < .05 

#significant at p < .05 values are average of 20 samples 
 

Pennisetum glaucum L.: The control value of 

the length of the radicle was 15.18 cm, the 

highest value for plants treated with chromium 

was 15.03 cm was recorded in P. glaucum L. at 

5ppm, followed by a gradual decrease with the 

lowest noted length of 10.15 cm at 200 ppm. 

(Table 6, Fig 7)  
 

Figure 7. Effect of Chromium on root length 

(cm) of Pennisetum glaucum L. 

 
Effect of Chromium on shoot length 
 

Table 7. Effect of Chromium on shoot length 

(cm) of selected plants 

Concentration Pennisetum glaucum L. 

Control 73.82±0.97 

5 ppm 65.56±1.90* 

10 ppm 63.37±1.55* 

50 ppm 65.11±1.33* 

100 ppm 43.9±1.95* 

200 ppm 29.00±1.53* 

*significant at p < .01 ** not significant at p < .05 

#significant at p < .05 values are average of 20 samples 
 

Pennisetum glaucum L.: The control value of 

length of shoot was 73.82 cm, highest value for 

plants treated with fly ash was 65.56 cm was 

recorded at 5ppm, followed by a gradual 

decrease with the lowest noted length of 29 cm 

at 100ppm. (Table 7, Fig 8) 
 

Pennisetum glaucum L.: The lowest values of 

fresh weight were recorded in Pennisetum 

glaucum L. plants. A maximum fresh weight of 

8.02g for control followed by 7.81g was noted at 



Nitesh Joshi and Pallavi Menon, Annals of Plant Sciences 10.1 (2021) pp. 4105-4116 
 

 

 
Page | 4111 

5ppm, and 3.20g was the lowest average fresh 

weight at 200pppm. (Table 9, Fig. 10) 
 

Figure 8. Effect of Chromium on shoot length 

(cm) of Pennisetum glaucum L. 

 
Effect of Chromium on Fresh weight 
 

Table 9. Effect of Chromium on fresh weight 

(g) of selected plants  

Concentration Pennisetum glaucum L. 

Control 8.02±1.79 

5 ppm 7.81±1.11** 

10 ppm 6.12±1.05* 

50 ppm 7.31±1.50** 

100 ppm 3.74±0.78* 

200 ppm 3.20±0.71* 

*significant at p < .01 ** not significant at p < .05 

#significant at p < .05 values are average of 20 

samples 
 

Figure 10. Effect of Chromium on fresh weight 

(g) of Pennisetum glaucum L. 

 
Effect of Chromium on Chlorophyll content 
 

Pennisetum glaucum L.: The plants irrigated 

with varying chromium solution concentrations 

showed a lower total chlorophyll content than 

the control. The control value was 8.98mg/g. 

The highest total chlorophyll content upon 

treatment with chromium was 8.55mg/g at 

50ppm. The lowest calculated value of total 

chlorophyll was 6.51 mg/g at 100ppm. (Table 

10, Fig. 11) 
 

Table 10. Effect of Chromium on Chlorophyll 

content (mg/g)  

Concentration 
Pennisetum glaucum L. 

Chl. a Chl. b Total Chl. 

Control 4.86 4.12 8.98 

5 ppm 3.89 4.04 7.93 

10 ppm 4.40 2.12 6.52 

50 ppm 4.19 4.35 8.55 

100 ppm 3.39 3.11 6.51 

200 ppm 4.38 2.98 7.37 
 

Figure 11. Effect of Chromium on Chlorophyll 

content (mg/g) of Pennisetum glaucum L. 

 
Effect of Chromium on Protein content 
 

Table 11. Effect of Chromium on Total Protein 

content (mg/g)  

Concentration Pennisetum glaucum L. 

Control 23.7 

5 ppm 12.7 

10 ppm 10.6 

50 ppm 18.9 

100 ppm 10.3 

200 ppm 9.4 
 

Pennisetum glaucum L.: The protein content for 

the control plants was 23.7mg/g. An increase in 

the protein content was measured at 50ppm of 

18.9mg/g and a minimum of 9.4mg/g at 

200ppm. (Table 11, Fig. 12) 
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Figure 12. Effect of Chromium on Protein 

content (mg/g) of Pennisetum glaucum L. 

 
 

Uptake of Chromium by selected plants  

Compared to other toxic metals like cadmium, 

lead, mercury, Chromium does not have a 

elucidated pathway of uptake in plants. There 

is a specific mechanism for its uptake and is 

dependent on metal speciation. The chromium 

ions have an oxidation state of VI in potassium 

dichromate. Hexavalent chromium is more 

soluble than trivalent chromium, forming stable 

complexes in the soil, thus increasing its 

bioavailability. (Lopez-Luna J. et al., 2009). The 

pathway of Cr6+ transport is an active 

mechanism; it depends on metabolic energy 

and is performed by carriers of essential ions. 

(Cervantes, et al. 2001). The readings for 

chromium uptake by selected plants have been 

expressed in ppm in the following table 12. 
 

Table 12. Uptake of Chromium by selected 

plants in ppm 

Concentration 
Pennisetum glaucum L. 

Root Shoot 

Control ND ND 

5 ppm 870.3 994.5 

10 ppm 241.4 484.0 

50 ppm 1076.2 2487.9 

100 ppm 918.3 1333.0 

200 ppm 1054.8 1347.7 
 

Pennisetum glaucum L.: In the root samples, 

chromium uptake was highest at 50ppm (1076 

ppm). The lowest amount was recorded at 

10ppm (241 ppm), and chromium was not 

detected in the control samples. Whereas in the 

shoot samples of Pennisetum glaucum the lowest 

amount was recorded at 5ppm (994 ppm) and 

the maximum accumulation was measured at 

50ppm (2487 ppm) (Table 12, Fig. 13, Fig. 14) 
 

Figure 13. Uptake of Chromium (ppm) by the 

root of selected plants  

 
 

Figure 14. Uptake of Chromium (ppm) by the 

shoot of selected plants  

 
 

Conclusion 

Based on the values recorded, 5 ppm and 10 

ppm of chromium indicate a favorable increase 

in root growth than the control, whereas at 

higher concentrations, an inhibitory effect was 

seen. Maximum inhibition of root was observed 

at 200 ppm chromium for all the selected 

plants. According to a study, 200ppm 

concentrations of chromium decreased paddy 

growth, i.e. Oryza sativa L. (Sundaramoorthy et 

al. 2010). The detrimental effect of chromium on 

roots can be explained by inhibition of the cell 
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division correlating with the mitotic index 

noted by Zou J. H. et al. 2006. Breakdown of 

root tissue and reduction in root surface caused 

by chromium stress may contribute to plants' 

decreased growth. (Oliveira H., 2012). These 

results have been following other researchers 

showing stimulation of root growth at low 

chromium concentrations. (Zou J.H., et al. 2006). 

Peralta J.R. et al. 2001 demonstrated that 5ppm 

showed that Cr(VI) increased root growth 

compared to the control, and at higher doses, 

there was an inhibitory effect. 
 

Saplings of Pennisetum glaucum L. showed a 

sudden decrease in height on exposure to 

100 ppm of chromium. Shoot length gradually 

decreased with the increase in chromium 

concentrations with a pronounced effect seen at 

200 ppm. Overall, shoot growth was affected 

due to chromium's presence with a reduction in 

the number and size of leaves due to wilting 

and necrosis. This decrease in plant length and 

shoot growth could be correlated to reduced 

root growth, resulting in lesser nutrient 

transport and water transport to the plant's 

aerial parts. These results are consistent with 

the results reported in Zea mays L. (Mallick S., 

2010)    
 

Plant weight is dependent on the length and 

number of roots, shoots, and leaves, as 

chromium has negatively affected most aspects 

of growth, fresh weight of the transplants has 

decreased. The fresh weight of the plants 

reduced by 54.85% at 200 ppm. Poor 

development of lateral roots and root number 

was affected by exposure to chromium 

resulting in shorter and fewer roots hairs. 

(Samantary S., 2002) 
 

A general decrease in chlorophyll content at 

higher chromium concentrations suggests that 

chlorophyll synthesis is being affected. Our 

results revealed a significant decrease in 

chlorophyll b compared to chlorophyll an as it 

greatly sensitive to salt stress. This decrease in 

chlorophyll levels in salt-stressed plants has 

been considered a typical symptom of oxidative 

stress (Smirnoff N., 1996), resulting in 

chlorophyll's suppressed biosynthesis with its 

degradation by the enzyme chlorophyllase 

(Santos C.V., 2004). Vazques M.D. et al. 1987 

reported that chromium-induced inhibition of 

photosynthesis is due to disorganization of 

chloroplasts ultrastructure.  
 

Similarly, the protein content also decreased 

with the increase in chromium concentrations. 

A concentration-dependent decrease in soluble 

protein content over the control was 

observed in the shoot of Albizia lebbek (Tripathi 

A.K. and Tripathi S., 1999). Since plants' 

nitrogen content was reduced by metal stress 

relatively, plants' amino acids and protein 

content also got reduced (Crooke W.M. and 

Inkson R.H.E., 1955; Mayz D.M.J. and 

Cartwright P.M. 1984). The decrease in protein 

level is caused either by a reduced biosynthesis 

or an increased disintegration of proteins to 

amino acids (Todd G.W. and Arnold W.M., 

1961). The decrease in protein content can also 

be attributed to oxidative damage caused by 

ROS generated under abiotic stress conditions. 

Proteins play an imminent role in plant stress 

response since they are involved in mobilizing 

their energy reserves, energy reserves 

consumption, and an enhanced protein 

degradation under stress. 
 

Uptake and accumulation of chromium was 

mainly in the roots, with little translocation to 

the shoots. A maximum concentration of 

chromium was seen at 50 ppm in the root as 

well as shoot. Chromium is immobilized in the 

root cells' vacuoles could be a reason for higher 

accumulation in roots. (Shanker A.K. et al. 

2004). Another study with temperate trees 

confirmed that chromium was poorly taken up 

into the aerial tissues but predominantly in the 

root. (Pulford I.D. et al. 2001). Bishnoi N.R. et al, 

1993 reported that chromium toxicity had a 



Nitesh Joshi and Pallavi Menon, Annals of Plant Sciences 10.1 (2021) pp. 4105-4116 
 

 

 
Page | 4114 

detrimental effect on seed germination, 

seedling growth, chlorophyll, and crop plants' 

nutrient content. 
 

Plant yield is dependent on the plant's all-

around development, including a number of 

roots, length of the shoot, and leaf growth as 

chromium affects physiological processes and 

the morphology in plants, productivity 

decreases. The present study indicated that 

accumulation is high in the roots compared 

with the shoot, thereby holding the metal 

firmly in the ground away from the reach of 

other interactions of the shoot. In this plant, 

chromium at low concentrations (5ppm) was 

found to promote growth and increase yield. 

However, it is not an essential element for 

plants, whereas increasing metals' 

concentration severely inhibited the growth in 

terms of various morphological and 

physiological parameters. Since it is an edible 

crop, despite showing a good potential for 

phytoremediation techniques, it can’t be used 

to hyper accumulate this metal to remove it 

from the soil as Pennisetum glaucum L. showed 

more accumulation of the heavy metal in the 

shoot than the root. 
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Abstract 
Dust pollution is one of the very dangerous types of air pollution. In 
Mumbai, excess of vehicles and continuous construction create a lot of 
dust pollution adding to major quantity of dust pollutants such as 
Suspended Particulate Matter (SPM), Heavy Metals, etc. in the city 
atmosphere. The excess of atmospheric heavy metals can lead to various 
health issues. The plants have been found to be very effective in 
monitoring and controlling dust pollution. The leaves too can capture 
good amounts of dust. In this research work, the foliar dust from Ficus 
benjamina L. var. nuda (Miq.) M. F. Barrett. was collected from various 
locations in the city. The elemental compositions of foliar dust samples 
were analyzed for their composition. Field Emission Gun-Scanning 
Electron Microscopes (FEG-SEM) was used to analyze Energy Dispersive 
Spectroscopy (EDS) at SAIF department in IIT, Powai. Carbon (C), Oxygen 
(O), Magnesium (Mg), Aluminium (Al), Silicon (Si), Potassium (K), 
Calcium (Ca), Manganese (Mn), Ferrous (Fe) and Copper (Cu) were 
discovered in the dust samples obtained from all the sites. Carbon (C) and 
Oxygen (O) were majorly seen in the dust samples. Similarly, Sodium 
(Na), Phosphorus (P), Sulphur (S), Titanium (Ti), Zinc (Zn) and 
Molybdenum (Mo) were found to be less common and if present, were 
available in traces. 
Key words: Dust pollution, Mumbai, SPM, Heavy Metals, FEG-SEM and EDS. 

INTRODUCTION 
One of the major problems in Mumbai is Dust Pollution. SPM, RSPM, SO2, NOx, many 

inorganic and organic pollutants, trace metals are hazardous pollutants in air [Caselles 

et al., 2002; Maitre et al., 2006; Curtis et al., 2006; Sharma et al., 2006; Jayaraman, 

2007]. SPM system ranges from <0.01cm to >100cm [Wan- Kuen et al., 2005, 2006]. As, 

Cd, Co, Cr, Ni, Pb and Se are dangerous respirable particulate matter i.e. <10 μm [ATSDR, 

2003; Wang et al., 2006]. 40-80% of total air pollution in the city comes from vehicular 
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emission [Ghose et al., 2005]. The dust and urban soil show presence of heavy metals 

due to traffic [Mert Guney et. al., 2010]. More vehicles create more emission leading to 

more Particulate Matter causing air pollution [Zanini et al., 2006]. Plants can monitor 

and control dust pollution and leaf surfaces play vital role in catching dust [Chaphekar 

et al, 1980]. The plants growing closer to the highway showed higher concentrations of 

heavy metals in the leaf, stem and root tissues [Falusi B. A., 2010]. The vehicles emit 

traces of metals which are found in Petrol, Diesel, Oil, etc.  [Monacci and Bargagli, 1997]. 

Plant species growing on the roads involving higher number of petrol-fueled vehicles 

showed higher concentration of heavy metals like Lead (Pb) in foliar deposits [C. 

Aydinalp et al, 2004]. 

MATERIALS AND METHODS 

The dust samples were collected from ten sites (Table 1) in Mumbai city from the leaf 

surfaces of Ficus benjamina L. var. nuda (Miq.) M. F. Barrett. The elemental composition 

of these dust samples were determined at SAIF department in IIT, Powai. Field Emission 

Gun- Scanning Electron Microscopes (FEG-SEM) Model: JSM-7600F, Resolution: 15 kv, 1 

kv, Accelerating voltage: 0.1 to 30 kv, Magnification: x25 to 1,000,000 was used to 

analyse the dust samples. The dust samples were carried using small metal stubs coated 

with carbon paper on one end. Dust, being a non-conducting material, required a 

suitable metallic coating for better image quality. Platinum coating was done in an 

instrument (Model: JFC 1600) for 250 seconds. The Platinum coated metal stubs were 

then inserted in FEG-SEM instrument and to analyze elemental composition of the dust 

samples through EDS - Energy Dispersive Spectroscopy (Figure 1 and Figure 2). 

RESULTS AND DISCUSSIONS 

The sites selected for collecting dust samples were Marine Drive, Sion Circle, Ghatkopar, 

Mulund, Borivali, Goregaon, Malad, Bandra, Bandra Kurla Complex and K. C. Marg which 

included highways, traffic islands, link roads, primary roads and secondary roads (Table 

1). The dust samples collected from selected 10 sites were analyzed for their elemental 

compositions in Atomic% and Weight% (Figure 1 and Table 2). 
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Table 1: Description of selected sites in Mumbai City 
Site No. Name of the Sites and their Description 

1 
South Mumbai - Marine Drive: 
Main road, facing the sea-moderate to heavy traffic, all types except three 
wheelers. 

2 
Eastern Express Highway - Sion Circle, Dr. Babasaheb Ambedkar Road: 
Main road, heavy traffic, all types of vehicles but more of heavy vehicles. 
This site also shows signals leading to traffic jams. 

3 
Eastern Express Highway - Ghatkopar: 
Main road, heavy traffic, all types of vehicles but more of heavy vehicles. No 
signals for longer distance, leading to faster moving traffic. 

4 
Lal Bahadur Shastri Marg - Mulund: 
Major arterial road passing through an industrial area showing heavy 
vehicular traffic. 

5 
Western Express Highway - Borivali: 
Main road, Heavy traffic, construction activity, all types of vehicles. Broad 
road with lots of vehicles moving at high speed. 

6 
Swami Vivekanand Road - Goregaon: 
Main road, Moderate to heavy traffic, all types of vehicles, construction 
activity, including three wheelers. 

7 
Linking Road - Malad West: 
Frequency of vehicles is very less compared to express highways. It’s a 
broader road and this location is the common connection for various roads. 

8 
Linking Road - Bandra West: 
Frequency of vehicles is very less compared to express highways. It’s a 
broader road compared to SV road. 

9 
Secondary Roads – Bandra Kurla Complex: 
Derived from primary roads and shows a lesser number of vehicles. It is the 
link between Western Express highway and Lal Bahadur Shastri marg. 

10 

Secondary Roads – K. C. Marg, Bandra: 
Derived from primary roads and shows a lesser number of vehicles. One 
end of this site opens at Worli Sea Link and the other one connects at the 
junction of SV road, Mahim and Western Express highway. 

Table 2: Elemental composition (in Atomic%) of dust samples at selected sites 
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Figure 1: Elemental Composition of Dust samples from selected sites 
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Figure 2: Scanned Electron Micrograph (SEM) of dust samples from selected sites 

Site 1 : South Mumbai - Marine Drive 

 One of the most active sites of Mumbai was Marine Drive, a sea facing site with 

continuously moving private vehicles. Eleven elements; Carbon, Oxygen, Magnesium, 

Aluminium, Silicon, Sulphur, Potassium, Calcium, Manganese, Ferrous and Copper were 

discovered in the dust sample collected from this site. Oxygen and Carbon were found to 
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be maximum in proportion. Whereas Potassium was contributing the least, i.e. by 

weight % it was 0.1% and by atomic % it was only 0.05%. The heavy metal, Cu, was 

0.33% by weight % and 0.09% by atomic % (Figure 1 and Table 2). Proportionally, the 

decreasing order of elemental composition was 

O > C > Si > Mg > Fe > Al > Ca > S > Cu > Mn > K 

Site 2 : Eastern Express Highway - Sion Circle, Dr. Babasaheb Ambedkar Road 
Sion Circle was a very active road showing continuous slow moving traffic 

showing all types of vehicles. Dust collected from this site showed presence of 14 

elements Carbon, Oxygen, Sodium, Magnesium, Aluminium, Silicon, Phosphorus, 

Sulphur, Potassium, Calcium, Titanium, Ferrous, Copper and Zinc. Oxygen and Carbon 

were mainly present. Whereas lowest contributor was Sulphur having 0.1% by weight 

% and 0.06 % by atomic %. Copper and Zinc were the two heavy metals discovered in 

the sample. The proportion of Cu by weight % was 0.7% and that of Zn was 0.73%. 

Similarly the proportion of both Cu and Zn by atomic % was 0.21% (Figure 1 and Table 

2). The quantitative decreasing order of these elements was 

O > C > Si > Fe > Ca > Ti > Al > Mg > P > Zn > Cu > Na > K > S 

Site 3 : Eastern Express Highway - Ghatkopar 

Ghatkopar being at Eastern Express highway, was a broad road including fast 

moving heavy vehicles. Eleven elements that include Carbon, Oxygen, Magnesium, 

Aluminium, Silicon, Sulphur, Calcium, Titanium, Ferrous, Copper and Zinc were found in 

the dust sample collected from here. The dust was mainly Oxygen and Carbon. The least 

content of the dust was by Ti i.e. 0.18% by weight % and 0.07% by atomic %. The traces 

of heavy metals viz; Cu and Zn were discovered in the sample. Copper was 0.7% by 

weight % and 0.21% by atomic %. Whereas Zinc was 0.56% by weight % and 0.16% by 

atomic % (Figure 1 and Table 2). The arrangement of elements in their decreasing 

proportion was 

O > Ca > C > Si > Al > Fe > Cu > Mg > Zn > S > Ti 

Site 4 : Lal Bahadur Shastri Marg - Mulund 

Lal Bahadur Shastri Marg in Mulund was site 4 witnessing continuous movement 

of all types of vehicles mainly Heavy vehicles. The dust sample contained 14 elements; 
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Carbon, Oxygen, Sodium, Magnesium, Aluminium, Silicon, Sulphur, Potassium, Calcium, 

Titanium, Manganese, Ferrous, Copper and Zinc. The dust was mainly comprised of 

Oxygen and Carbon. Mn was contributing the minimum i.e. 0.17% by weight % and 

0.06% by atomic %. The heavy metals like Cu and Zn in the dust were 0.69% and 0.5% 

by weight % respectively. Similarly, by atomic % Cu was 0.21% and Zn was 0.15% 

(Figure 1 and Table 2). Proportionally, the decreasing arrangement of elements was 

O > C > Si > Ca > Fe > Al > Mg > Na > Cu > K > Ti > Zn > S > Mn 

Site 5 : Western Express Highway - Borivali 

Borivali was the site 5, located on Western Express highway, showing 2-

wheelers, 4-wheelers, trucks, busses, etc. moving at high speed. The 14 elements 

detected in the dust sample of this site included Carbon, Oxygen, Sodium, Magnesium, 

Aluminium, Silicon, Potassium, Calcium, Titanium, Manganese, Ferrous, Copper, Zinc 

and Molybdenum. The major proportion of the dust was composed of Oxygen and 

Carbon whereas the least contribution was by Manganese. The weight % and atomic % 

of Mn were 0.15% and 0.05% respectively. The heavy metals found in this sample were 

Copper, Zinc and Molybdenum. The contribution of Cu, Zn and Mo was 0.39%, 0.46% 

and 0.58% by weight % and 0.11%, 0.13% and 0.11% by atomic % respectively (Figure 

1 and Table 2). These 14 elements were showing the proportional sequence as 

O > Si > C > Fe > Ca > Al > Mg > Na > Mo > Ti > K > Zn > Cu > Mn 

Site 6 : Swami Vivekanand Road - Goregaon 

 The site 6 was located in Goregaon at Swami Vivekanand road which had good 

frequency of public and private vehicles. The 11 elements viz; Carbon, Oxygen, 

Magnesium, Aluminium, Silicon, Calcium, Manganese, Ferrous, Copper, Zinc and 

Molybdenum were detected in the dust sample collected from this site. Oxygen and 

Carbon were contributing the maximum of the total dust. Similarly, Molybdenum 

contributed the least and the values were 0.11% as weight % and 0.02% as atomic %. 

The dust also showed the minimal presence of heavy metals Zinc and Copper. Both of 

these constituted 0.13% by atomic %. But by weight % Cu and Zn were sharing 0.47% 

and 0.48% respectively (Figure 1 and Table 2). Quantitatively all the elements were 

showing the sequence 

O > C > Si > Fe > Mg > Mn > Ca > Al > Zn > Cu > Mo 
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Site 7 : Linking Road - Malad West 

On Link road, in Malad, all types of vehicles were observed with a moderate 

traffic. There were fifteen elements detected in the dust sample of this site which 

include Carbon, Oxygen, Sodium, Magnesium, Aluminium, Silicon, Phosphorus, 

Potassium, Calcium, Titanium, Manganese, Ferrous, Copper, Zinc and Molybdenum. The 

proportion of Oxygen and Carbon was too high but that of other elements was too low. 

The least participation was made by Manganese by sharing only 0.11% weight % and 

0.03% by atomic %. Copper, Zinc and Molybdenum were the heavy metals found in the 

dust sample. The proportion of Cu, Zn and Mo was 0.25%, 0.4% and 1.22 % by weight % 

and 0.07%, 0.11% and 0.23% by atomic % respectively (Figure 1 and Table 2). The 

proportional sequence of all these 15 elements was 

O > C > Si > Ca > Al > Fe > Mg > Mo > Na > Zn > K > P > Ti > Cu > Mn 

Site 8 : Linking Road - Bandra West 

Site 8, at linking road in Bandra west, showed slow moving traffic with short 

distance signals. The dust sample from this site showed the presence of 11 elements; 

Carbon, Oxygen, Magnesium, Aluminium, Silicon, Sulphur, Potassium, Calcium, 

Titanium, Ferrous and Copper. The dust was mainly composed of oxygen and carbon 

and on the other hand remaining elements were contributing quite low. Titanium was 

forming 0.17% by weight % and 0.06 % by atomic % of the dust and was lowest of all 

elemental proportion. The sample also traced the presence of heavy metal Cu as 0.22% 

by weight % and 0.06% by atomic % (Figure 1 and Table 2). The decreasing order of the 

elements was 

O > C > Ca > Si > Al > Fe > Mg > S > Cu > K > Ti 

Site 9 : Secondary Roads – Bandra Kurla Complex 

Western and Eastern Express highways and Lal Bahadur Shastri marg were 

connected with each other by Bandra Kurla Complex, the site 9. His site had active 

traffic including all types of vehicles. 13 elements found in the dust from this site were 

Carbon, Oxygen, Sodium, Magnesium, Aluminium, Silicon, Potassium, Calcium, Titanium, 

Ferrous, Copper, Zinc and Molybdenum. The dust was concentrated with Oxygen and 

Carbon whereas the least proportion was of Na. The traces of Na by weight % and by 

atomic % were 0.18% and 0.13% respectively. The dust also showed the presence of 
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heavy metals Cu and Zn. The proportion of Cu was 0.48% by weight % and 0.12% by 

atomic % whereas that of Zn was 0.39% and 0.1% respectively (Figure 1 and Table 2). 

These 13 elements were arranged in decreasing order as 

O > C > Si > Fe > Ca > Al > Mg > Cu > K ≥ Zn > Mo > Ti > Na 

Site 10 : Secondary Roads – K. C. Marg, Bandra 

The site 10, Krishna Chandra Marg, was located in Bandra west which connected 

primary and secondary roads with Bandra Worli Sea Link and witnessed 2-wheelers, 3-

wheelers, Trucks and Buses. There were 15 elements Carbon, Oxygen, Sodium, 

Magnesium, Aluminium, Silicon, Phosphorus, Sulphur, Potassium, Calcium, Titanium, 

Manganese, Ferrous, Copper and Zinc discovered in the dust sample collected from this 

site. The highest proportion of the dust was by Oxygen and Carbon. Similarly, the 

minimum contributor was Mn having 0.04% by weight % and 0.01% by atomic %. 

Traces of heavy metals like Cu and Zn were detected. The weight % of both these 

elements were 0.38% and 0.32% and the atomic % were 0.09% and 0.08% respectively 

(Figure 1 and Table 2). The decreasing order of the discovered elements was 

O > C > Si > Al > Fe > Ca > Mg > Na > K > Cu > Ti > Zn > S > P > Mn 

CONCLUSIONS 

Presence of heavy metals in foliar dust available at various sites is an indication towards 

the existence of excess metallic pollutants in ambient Air. There were a total 16 

elements found in the dust samples collected from all the 10 sites. There were eleven 

elements detected in the dust sample from Marine Drive, fourteen elements from 

Mulund (LBS marg), similarly eleven were discovered in the dust sample from Goregaon 

(SV road), the dust sample from Bandra (Linking road) also had eleven elements within 

it, fifteen elements were found in the dust collected from Malad (Linking road), fourteen 

elements were seen in the dust from Borivali (Western Express highway), dust sample 

from Sion Circle (Eastern Express highway) contained fourteen elements, eleven 

elements were available in the dust from Ghatkopar (Eastern Express highway), there 

were fourteen elements in the dust sample collected from Mulund (Lal Bahadur Shastri 

marg), fifteen were detected in the dust obtained from K.C. Marg (Bandra-W) and the 

dust collected from Bandra Kurla Complex showed the presence of thirteen elements. 
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As per FEG-SEM data, Oxygen is most commonly available in dust at all the ten 

sites in highest proportion. Similarly, proportionally Carbon is the second highest 

element in dust. Whereas Silicon had been found frequently in the foliar dust. The 

elements found in the dust of all the ten selected sites were C, O, Mg, Al, Si, K, Ca, Mn, Fe 

and Cu. Whereas Na, P, S, Ti, Zn and Mo were less common and if present, available in 

traces. 
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ABSTRACT 

 
The current work was carried out during Ganesh festival which is a very popular festival in 
Maharashtra. Idols of lord Ganesh are brought to homes and also in public places .The idols the 
occasion is celebrated with huge pomp and splendour. On a normal working day and the final day of 
the festival, noise levels were measured at four different locations in Palghar Tehsil, a far western 
suburb of Mumbai city, using a sound level metre. Noise pollution indices as well as Noise Climate 
were computed. On both days, noise levels exceeded the central pollution control board's norms, with 
a noticeable increase in noise levels on the final day at all sites. On the Vaitarna site, the category of 
safe zone on festive and non-festive days was indicated. At 4 pm, 5 pm, and 6 pm time slots on 
festive days, Saphale site displayed a low to moderate risk zone category, while the rest of the time 
slots on festive days displayed a high risk zone category. On a festive day, the Boisar site indicated a 
high risk. On non-festive days, the Saphale, Palghar, and Boisar sites indicated safe zones, safe to 
low risk zones, and safe to moderate zones, respectively. Noise levels are not monitored by any 
agency in this area. 
 
Keywords: Noise pollution; festival; Leq; Noise climate. 
 
1. INTRODUCTION  
 
Palghar, a town in Thane district, is 87 kilometres from Mumbai. The town is rapidly expanding and is 
classified as semi-urban because it has designated areas for agriculture and industry. Tarapur, which 
is part of the Maharashtra Industrial Corporation (Palghar), has little environmental monitoring. At 
regular intervals, the CPCB monitors the air and water in and around certain locations in Palghar. 
Attempts have been made to regulate noise levels; however, despite being a rapidly growing region, 
noise pollution in this area has not been studied.  Noise is an unwanted sound that may cause some 
psychological and physical stress to human beings exposed to it. It is also considered as an 
environmental stressor and nuisance. Noise pollution has become an inevitable part of modern 
civilization. It is a fact that sound intensity above 80dB level is harmful to individual belonging to all 
ages [1-5]. An attempt has been made to investigate noise pollution during Ganesh Utsav, a well-
known festival celebrated throughout Maharashtra. The festival lasts 11 days, culminating in Anant 
Chaturdashi. The Ganesh idol immersion procession lasts several hours and includes loud speakers, 
musical instruments such as drums, banjos, and cymbals, and firecrackers. This generates a 
significant amount of noise pollution. A Five-day noise monitoring study was conducted in Thane by 
MPCB [6] during Ganesh Festival. The result showed that the maximum noise level was 91.4 dBA 
and minimum noise level was 46.4 dBA. Considerable amount of increase in noise levels have been 
recorded on festival days in various parts of the country [7]. 
 
Noise imparts several effects on mental and physical health and results in disturbances in the daily 
activities. It affects living as well as non-living things [8]. Noise might affect sleep, conversation, 
causes hearing loss; in addition to these effects it also affects human judgment and performance [9]. 
Generally high exposure to noise level can cause annoyance, irritation, damage to auditory system, 
number of health related effects like physiological, psychological disorders, difficulties in daily 
activities and performances, hypertension and heart diseases [10]. Along with other types of pollution, 
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noise has become a hazard to quality of life [11]. Various studies have revealed that noise levels in 
some of the Indian cities are higher than the standards prescribed by CPCB, Central Pollution Control 
Board and MoEF, Ministry of Environment and Forest, Govt. of India [12-17]. Several studies have 
been carried out in India on noise levels, noise climate, Leq, and Lmax [18-20]. 
 
The CPCB has notified air quality standards for noise which has been included as an air pollutant. 
Realizing the need to control and regulate noise levels, the Ministry of Environment and Forests, 
Government of India, have notified Standards and Guidelines for Noise Levels under Environment 
(Protection) Rules, 1986, known as Noise Pollution (Regulation & Control) Rules, 2000 as shown in   
Table 1. The objective of the study is to assess the noise pollution levels, noise climate, Leq, and Lmax, 
Noise Pollution Level Index and Noise Climate in this industrial area. 
 

Table 1. Ambient permissible noise levels in India as per prescribed by CPCB 
 

Area code Category               Limits in Dba 
Day time Night time 

A Industrial 75 70 
B Commercial 65 55 
C Residential 55 45 
D Silence zone 50 40 

 
2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
Palghar is one of the far Western suburbs of Mumbai city Fig. 1. Population of Palghar is 5, 50,222 
(Palghar, 2011). Residential colonies and built up areas are very well developed near railway line 
zones. Current study was carried out at four different sites in Palghar tehsil viz. Vaitarna, Saphale, 
Palghar and Boisar. Out of these four sites Saphale is a developing area while Palghar and Boisar are 
very well developed due to the presence of MIDC (Maharashtra Industrial Development Corporation) 
in the close vicinity. Due to the geographic restriction Vaitarna is a small undeveloped village with 
many settlements. 
 
In the current study, noise levels on a normal day and on the last day (Anant Chaturdashi) of Ganesh 
festival were observed. The main objective of the study was to monitor and evaluate the fluctuating 
noise level in the different parts of the study area. 
 

                                                           
 

Fig. 1. Map showing sampling points 
 
2.2 Instrument Used 
 

Sound level meter of Lutron Electronics (Model number: - SL 4010) was used to monitor sound levels 
at all the sites mentioned above. The readings were measured in dB (A) unit, where A denotes the “A 
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weighting” characteristic which is simulated as "Human Ear Listing" response. The time weighting is 
adjusted to “Fast” by default. The sound level meter is provided with high sensitivity Bruel and Kjaer 
Prepolarized Condenser Microphone (Type 4226) at the top and readings are generated on the 
horizontal display. 
 
2.3 Sampling Methodology 
 
While recording the noise levels, the sound level meter was placed at 1 to 1.2m above the ground 
surface level and one meter away from sound source, then microphone of sound level meter was 
pointed towards the source of sound and readings were noted down. To minimize the error, readings 
were taken continuously for 30 minutes at an interval of 2 minutes. The noise levels were recorded on 
Saturday, 28th September 2012 the last day of the festival and Monday, 17th September 2012, a 
normal working day. The reading were taken from 4pm to 9 pm from 4 to 4.30 pm, 5 to 5.30 pm, 6 to 
6.30 pm , 7 to 7.30 pm, 8 to 8.30 pm and 9 to 9.30 pm. Leq was calculated using following formula 
 

 
 
Where, Leq = noise levels observed in time interval T and n= nth duration of measurement [21]. 
 
Leq is the equivalent continuous equal energy level; and can be applied to any fluctuating Noise Level. 
It is that constant Noise Level that over a given time expends the same amount of energy as the 
fluctuating level over the same time period [22]. The readings noted in fractions, were rounded off to 
nearest integer in the observation tables. To detect the actual rise in the noise level a set of readings 
was taken on a normal working day. To get better understanding of noise range noise climate (NC) 
index [23] was calculated using following formula: NC= L10- L90 dB (A). 
 
Total annoyance caused by noise level was estimated using noise pollution level index (NP) [24]:  
LNP= Leq * 2.56∂  
 
Where, LNP= Noise pollution level, Leq= equivalent noise level, ∂= standard deviation 
 

Statistical analysis was carried out to analyse the significant difference between festive and a non-
festive day. 
 

3. RESULTS AND DISCUSSIONS 
 
Deviation of noise from its mean point and L10, L50, L90 values are shown in Table 2. Table 3 and 
Table 4 show the equivalent noise (Leq) maximum noise (Lmax) and minimum noise (Lmin) recorded at 
all four sites at different time slots on festive and non-festive day respectively. On festive day 
fluctuation of noise was more in comparison to non-festive day. On the festive day, 9 pm time slot at 
Vaitarna showed a decrease in the noise levels as compared to other slots in the same area. Sound 
levels on all other sites at all the time slots exceeded the permissible limit. On the normal working day 
i.e. non - festive day sudden depletion in the noise levels was observed. Vaitarna site remained 
noiseless for all the time slots. Palghar site was the noisiest followed by Boisar and Saphale. 
 

87 dB (A) at 7pm and 69 dB (A) at 5pm in Palghar were the highest Leq, while 53 dB (A) in at 9pm and 
42 dB (A) at Vaitarna were the lowest Leq recorded on festive and non-festive days respectively. The 
continuous monitoring showed the broad fluctuating range. Saphale site showed acute fluctuation 
followed by Boisar, Palghar and Vaitarna. 
 

L10 and L90 are defined as peak and back-ground sound levels over certain measurement duration 
[25]. On festive and non-festive days L10 values for Vaitarna, Saphale, Palghar and Boisar site differed 
by 5 - 10 dB (A), 20 – 27 dB (A), 19 – 20 dB (A) and 15 – 25 dB (A) respectively, whereas the range 
of fluctuation of L90value for Vaitarna, Saphale, Palghar and Boisarsite was 6 -12 dB(A), 20 – 24 
dB(A), 16 – 19 dB(A) and 27 – 33 dB(A) respectively. Highest difference in standard deviation of 
festive and non-festive day was recorded at Saphale site and least deviation was seen at Palghar site.   
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Table 2. Different noise parameters on festive and non-festive days 
 

                                                                   4:00 PM 
Site 
  

                Festive day              Non- festive day 
Mean  SD L10 L50 L90 Mean  SD L10 L50 L90 

Vaitarna 57 2 61 57 55 44 4 51 45 40 
Saphale 76 3 80 76 72 52 3 57 51 50 
Palghar  76 3 81 77 72 63 2 68 63 63 
Boisar 80 2 84 79 78 55 3 60 54 52 
                                                                       5:00 PM 
Site 
  

                       Festive day                 Non- festive day 
Mean  SD L10 L50 L90 Mean  SD L10 L50 L90 

Vaitarna 59 2 62 59 57 47 3 52 46 46 
Saphale 77 3 82 78 74 54 3 59 53 52 
Palghar  81 3 87 80 79 68 2 72 67 67 
Boisar 80 2 86 80 79 57 4 63 57 54 
                                                                        6:00 PM 
Site 
  

                      Festive day                Non- festive day 
Mean  SD L10 L50 L90 Mean  SD L10 L50 L90 

Vaitarna 59 2 63 58 58 46 3 52 45 45 
Saphale 79 3 86 78 77 55 3 60 54 52 
Palghar  83 5 88 85 78 61 5 71 60 58 
Boisar 80 2 85 80 79 54 5 63 52 52 
                                                                           7:00 PM 
Site 
  

                     Festive day                Non- festive day 
Mean  SD L10 L50 L90 Mean  SD L10 L50 L90 

Vaitarna 58 1 60 58 57 53 2 57 52 52 
Saphale 84 5 89 85 78 48 2 53 48 46 
Palghar  86 3 91 85 83 59 3 66 58 57 
Boisar 80 2 85 80 78 55 4 62 55 52 
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                                                                             8:00 PM 
Site 
  

                       Festive day                  Non- festive day 
Mean  SD L10 L50 L90 Mean  SD L10 L50 L90 

Vaitarna 59 2 63 58 56 41 4 48 40 38 
Saphale 81 8 88 84 71 62 4 70 62 58 
Palghar  85 2 89 85 82 62 4 69 61 60 
Boisar 83 2 87 84 80 55 7 72 52 51 
                                                                                9:00 PM 
Site                       Festive day                   Non- festive day 
  Mean  SD L10 L50 L90 Mean  SD L10 L50 L90 
Vaitarna 53 2 57 53 50 41 3 46 41 39 
Saphale 82 9 89 86 69 50 4 55 52 44 
Palghar  83 3 88 84 79 55 3 61 54 54 
Boisar 83 3 86 84 79 51 5 59 50 45 

 
Table 3. Noise levels on festive day (Anant Chaturdashi) 

 
         4:00 PM      5:00 PM       6:00 PM      7:00 PM     8:00 PM     9: 00 PM 

Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin 
Vaitarna 58 61 54 59 62 56 59 63 57 58 63 56 59 64 54 53 57 50 
Saphale 76 80 71 78 83 72 80 87 76 86 90 72 84 88 61 85 89 60 
Palghar 77 81 72 82 87 79 85 89 71 87 92 81 86 89 81 84 89 78 
Boisar 80 87 78 81 88 79 81 88 79 81 86 78 84 87 79 83 86 77 

 
Table 4. Noise level on non-festive day (Normal working day) 

 
          4:00 PM         5:00 PM      6:00 PM        7:00 PM      8:00 PM        9: 00 PM 

Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin 
Vaitarna 46 52 39 48 56 46 49 58 45 53 60 52 43 50 38 42 48 38 
Saphale 53 62 51 55 63 52 56 61 51 49 56 46 65 72 58 52 56 43 
Palghar 65 72 63 69 75 67 66 77 58 62 71 57 66 76 60 57 64 52 
Boisar 56 64 51 59 67 53 62 72 52 58 67 51 64 73 50 54 59 45 

  
 
 



 
 
 

Emerging Challenges in Environment and Earth Science Vol. 1 
Noise Pollution in Palghar 

 
 

 
80 

 

Table 5. Noise pollution level (NP) on Festive and Non-Festive days 
 

Time Festive day Festive day Festive day Festive day Non festive day Non festive day Non festive day Non festive day 
 Vaitarna Saphale Palghar Boisar Vaitarna Saphale Palghar Boisar 
4:00 PM 62.49 83.36 83.70 86.08 56.82 61.12 70.92 63.84 
5:00 PM 63.45 85.84 88.87 87.31 55.01 62.07 74.05 68.08 
6:00 PM 63.54 88.23 96.83 87.16 57.42 62.67 78.92 73.84 
7:00 PM 61.47 97.84 94.70 87.01 58.76 55.23 70.51 67.42 
8:00 PM 65.18 103.93 91.83 89.44 52.01 74.55 75.36 82.05 
9:00 PM 58.82 108.19 91.18 90.77 48.21 62.30 63.85 67.86 

 
Table 6. Noise climate (NC) index of sampling points 

 
NC Festive day Non festive day Festive day Non festive day Festive day Non festive day Festive day Non festive day 
  Vaitarna Vaitarna Saphale Saphale Palghar Palghar Boisar Boisar 
4:00 PM 5.76 11.45 7.63 7.00 7.70 5.75 8.04 7.80 
5:00 PM 4.70 5.70 7.90 6.60 7.55 5.55 6.55 9.40 
6:00 PM 5.10 7.25 8.90 8.30 10.35 13.10 6.00 10.55 
7:00 PM 3.10 5.15 11.10 6.15 8.45 8.55 7.00 10.15 
8:00 PM 6.55 9.95 17.05 11.80 7.00 9.30 6.55 21.15 
9:00 PM 6.50 7.40 20.00 11.15 8.40 7.30 6.80 13.90 
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4. CONCLUSION 
 
On festive days high and comparatively steady noise levels were recorded  and analysed using noise 
pollution level index (Table 5). Comparative analysis of noise using noise pollution level index 
indicated that Saphale is the noisiest site while Vaitarna is least noisy site of the study area.  Palghar 
and Boisar site show moderate noise pollution and less fluctuation as compared to Saphale site 
.Equivalent noise levels of festive days were high as compared to the non-festive days on all sites but 
majority of time slots of all sites showed high noise climate (NC) index on non-festive days (Table 6). 
Main reason behind this is wide fluctuation range of noise on non-festive days.  According to different 
categories of noise risk zones [25]. Leq values of all sites were assessed to find out level of risk due to 
high noise levels (Table 7). Vaitarna site indicated the category of safe zone on festive and non-
festive day. Saphale site exhibited low to moderate risk zone category for 4pm, 5pm and 6 pm time 
slot for festive days and for rest all time slots of festive day it showed the category of high risk zone. 
For Palghar site festive day time slot of 7pm and 8pm showed extremely high risk while rest all slots 
showed risk categories between moderate to high. Boisar site indicated high risk on festive day. On 
non-festive day Saphale, Palghar and Boisar site indicated safe zone, safe to low risk zone and safe 
to moderate zone category respectively. 
 

Table 7. Noise risk zone 
 

Intensity of noise in dB (A) Category of zones 
< 66 Safe 
66 – 71 Tolerable 
71 – 76 Low risk 
76 – 81 Moderate risk 
81- 86 High risk 
> 86 Extremely high risk  

[25] 
 

The Ganesh festival is celebrated with great enthusiasm in all areas of Palghar tehsil. On the day of 
Anant Chaturdashi (Last day of the festival), immersion procession includes immersion of idols from 
houses as well as from community groups. The procession involves use of loudspeakers, banjos and 
firecrackers and continues till hours, this affects the usual sound level. People are often unaware of 
the consequences of the noise pollution on the human health and environment. Hence it is essential 
to create awareness amongst the community about the impacts of noise pollution. Restriction from 
local governments such as defined time limit for procession, limitation on the use of loud musical 
instruments can also help in controlling the noise pollution. 
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Abstract
Land in industrial areas receives many solid wastes, including heavy metals. 
Metals taken up by the plants are incorporated into their tissues depending 
upon their mobility within the plant. The surplus of heavy metals can 
severely reduce growth and biomass production in plants.
To understand the fate of some heavy metals in plants, five heavy metals 
were chosen for their interactions with Ipomoea carnea jacq. Subsp. fistulosa 
which is an exotic weed distributed in tropical countries of Asia and 
America migrated from the American tropics into India. The species is then 
supposed to have escaped and naturalised elsewhere. As Ipomoea carnea is 
found growing everywhere including waste dumps. The selected heavy 
metals were Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb) and 
Zinc (Zn).
Five concentrations of each of the heavy metals were selected to provide a 
range and meanwhile, control was also set up. The plants were grown for 6 
and 9 weeks period. The concentrations of heavy metals were determined 
using Atomic Absorption Spectrophotometer method (AAS).
The study concluded that if plants were grown for a short period or limited 
period they may help in improving the quality of soil by effectively removing 
the heavy metal but continued growth leads to a stage of equilibrium 
between metal concentrations in and out of plant organs. The Potential of 
Ipomoea carnea to effectively absorb the metals is Zn > Cd; Pb > Cu > Cr and 
retain them is Cd > Zn; Pb > Cu > Cr.
Keywords: Ipomoea carnea, bioremediation, heavy metals.
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1.	 INTRODUCTION
A deteriorating environment is one of the major issues that we face 
today. Any modification in the physical or biological component of the 
surrounding which could be harmful to organisms is known as pollution. 
A harmful substance introduced in the ecosystem as a result of human 
activity has the potential to get accumulated to harmful levels. There 
are several reasons for the occurrence of pollution, the major one being 
urbanization. Intensive urban growth and industrialization started 
increasing the level of pollution converting our landscapes into vessels of 
waste. Developmental activities have depleted our natural resources and 
generated a huge amount of wastes leading to the pollution of air, water 
and soil. Untreated waste (sewage) plays a major role in the pollution of 
rivers causing loss of productivity and environmental degradation.

1.1.	 Types of Pollutants

Biological pollutants: These pollutants include pollen, microbes, viruses, 
dust mites, insects, several parasites and pathogens and invasive species 
documented from various sources. (Elliott M., 2003).

Organic pollutants: Usually substances that are biodegradable fall 
under the category of organic pollutants. They are naturally occurring 
in the environment but excessive demand has led to massive production 
causing them to be a cause of concern. PCB - Polychlorinated biphenyls, 
PAH - polycyclic aromatic hydrocarbons, PBDE - polybrominated 
diphenyl ethers, petroleum and OCP - organochlorine pesticides are a 
few that become major pollutants. (El-Shahawi M.S. et al., 2010).

Inorganic pollutants: Metals, salts and substances of mineral origin 
are considered to be inorganic pollutants. (Wong M.H., 2012). These 
pollutants can be found naturally but various anthropogenic activities 
such as metallurgy, smelting and mining processes have introduced them 
into the environment at higher levels.

Heavy metals: “Heavy metals” is a general collective term, which 
applies to the group of metals and metalloids with an atomic density 
greater than 4 g/cm 3, or 5 times or more, greater than water (Nriagu 
and Pacyna 1988). Heavy metals present naturally in trace amounts are 
arsenic, cadmium, chromium, cobalt, lead, mercury, nickel and selenium 
are toxic even at very low concentrations, whereas few heavy metals such 
as Cu, Zn and Fe are of biological importance and growth, however at 
high concentrations, can cause damage to the organism by accumulating 
and displacing vital nutrients in the tissues.

Sources of heavy metals in the environment: Heavy metals are 
released from natural as well as manmade activities. Natural sources of 
heavy metals are volcanic eruptions, forest fires, weathering of rocks and 
sea-salt sprays, whereas the anthropogenic processes include vehicular 
exhaust, burning of fossil fuels, industrialization, insecticides used in 
agriculture, metallurgy, mining, smelting, and wastewater.
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Heavy metals in soil and Effect on agricultural productivity: 
Soil and water are both indispensable factors of an ecosystem that are 
essential for the growth and development of living organisms. An impact 
on the composition of soil has a corresponding and directly proportional 
effect on the water resources. The composition of parent rock, degree 
of weathering and climatic conditions are responsible for the release 
of heavy metals into the soil. (Arunakumara K. K. I. U. et al., 2013). 
Heavy vehicular traffic in urban areas is one of the major factors for the 
contamination of soils with heavy metals. The fate of these heavy metals 
in the environment is dependent on their bioavailability for their uptake 
by plants. Phytoavailability of metals plays an important role in the 
assessment of metal-contaminated sites, the metal availability depends 
upon the source, metal speciation, pH and other physicochemical 
properties of soils. (Wuana R.A. and Okieimen F.E., 2011). Agricultural 
productivity and food safety are solely dependent on the quality of soil 
and water. Thus making the monitoring of agricultural practices necessary 
to ensure food safety. The presence of heavy metals in soil and water 
hampers agricultural production, subsequently lowering the quality and 
quantity of the yield, consequently affecting the health of consumers. 
Several studies have reported that crops such as Oryza sativa, Zea mays 
and Brassica juncea absorb heavy metals and accumulate them in the plant 
body thus posing a threat to the health of the consumers. (Murakami 
M.N. 2007; Meers, E. et al., 2010, Bitther, O.P. et al., 2012).

1.2.	 Impact of Heavy Metals on Human Health

Phytoremediation of heavy metals: Soil, water and air are the components 
of the environment that are being affected by the presence of an excessive 
amount of heavy metals. Industrial activities and runoff of fertilizers 
and pesticides from agricultural land, sewage water irrigation and coal 
combustion lead to soil and water contamination by heavy metals. Soils 
act as a reservoir for heavy metals released into the environment, causing 
a significant environmental problem with a negative impact on human 
health and agriculture.

Several physical and chemical methods have been used to clean up 
the soils of heavy metals, but most of them are expensive and tedious, 
therefore an alternative, effective and cheap method of soil cleanup 
is required. Phytoremediation is a concept that uses green plants to 
remove environmental contaminants. (Cunningham, S.D. & Berti, W.R. 
1993; Raskin I. et al., 1997). Phytoremediation is a useful technique for 
recovering soils containing metal pollutants, utilizing hyperaccumulator 
plants. The term “hyperaccumulator” is used to describe plants with 
the ability to tolerate and grow in metalliferous soils, they can extract 
and accumulate high amounts of heavy metals without enduring toxic 
impact on the plant health. These plants accumulate 10 to 500 times more 
metals than ordinary plants. (Chaney R. L. et al 1997). Approximately 
500 plant species have been reported in a total based on their extent 
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of accumulating heavy metals. (Kramer U., 2010). Phytoremediation 
includes the following mechanisms for the removal of heavy metals such 
as rhizofiltration, phytoextraction, phytostabilization, phytovolatilization 
and phytodegradation.

Table 1:	 Major heavy metal pollutants, their sources and effects on humans. (SOURCE: Pallavi 
Menon 2020)

Heavy metal Sources Effects

Arsenic (As) Fungicides.
Metal smelters
Pesticides.

Bronchitis
Dermatitis
Poisoning

Cadmium (Cd) Cd and Ni batteries
Electroplating
Nuclear fission plant
Pesticides & fertilizer
Welding

Gastrointestinal disorder
Hypertension
Lung disorder and cancer
Osteomalacia & Osteoporosis
Renal dysfunction

Chromium (Cr) Electroplating
Industry - Leather, Textile,
Stainless Steel and Alloys, Paints, 
Pulp and Paper.
Mining

Bronchitis
Damage to the nervous system
Dermatitis
Fatigue
Kidney disorders
Weakened immunity

Copper (Cu) Chemical industry
Metal piping
Mining
Pesticide production

Anemia
Gastrointestinal Irritation
Liver and kidney damage.

Iron (Fe) Construction
Pipe making
Steel manufacturing

Chronic inhalation may cause a 
benign pneumoconiosis
Conjunctivitis & retinitis
Lung cancer

Lead (Pb) Automobile emission
Burning of coal
Mining
Pesticide & paint
Smelting

Congenital paralysis
Damage to the nervous system
Fatal infant encephalopathy
Mental retardation & developmental
delay in children

Mercury (Hg) Batteries
Paper industry
Pesticides

Damage to the nervous system
Gingivitis
Minor psychological changes
Protoplasm poisoning
Spontaneous abortion
Tremors

Zinc (Zn) Brass manufacture
Metal Plating
Plumbing
Refineries

Corrosive effect on the skin
Damage to the nervous membrane

Rhizofiltration: It is the Uptake of heavy metals from wastewater by 
absorption done by plants roots. (Prasad and Freitas, 2003)
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Phytoextraction: In this technique, plants extract metals from soil; the 
uptake is through the roots and is translocated to the shoots. (Salt D.E. et 
al., 1995; Chaney R.L. et al., 1997). Hyper accumulators absorb the metals 
from contaminated sites. The recovery of the extracted metals is also a 
viable option by harvesting the plants appropriately and incinerating 
them later. Apart from being able to tolerate high amounts of heavy 
metals phytoextraction species have an expansive root system and a rapid 
rate of growth. (Marques et al., 2009).

Phytovolatilization: In this process, plants are used to extract soluble 
contaminants from soil by the roots, transported to the leaves and then 
released into the atmosphere by volatilization. (Tollsten L. and Muller P., 
1996). Selenium metal is volatilized plants, after its conversion to dimethyl 
selenide by microorganisms and algae. (Neumann P.M. et al., 2003). 
However, in this technique, the amount of the contaminant transpired is 
dependent on the water flow, which could be low in field conditions.

Phytostabilization: In this process, the contaminants are stabilized by 
the plant roots by immobilizing them; this is achieved by binding them 
to soil particles, microbial interaction, accumulation and precipitation in 
the roots. As a result, the migration of contaminants in the soil and water 
is reduced.

Phytodegradation: Phytodegradation is a method in which organic 
contaminants are broken down due to metabolic processes by enzymes 
such as dehalogenase, oxygenase and reductase into simpler molecular 
forms which are incorporated into the plant tissues (Black H, 1995; Salt 
D.E. et al., 1998; Chaudhry T.M. et al 1998). These enzymes can break 
down organic pollutants found in herbicides.

Plants used for phytoremediation: Certain plants from Fabaceae, 
Brassicaceae, Asteraceae, Euphorbiaceae families have been identified 
to have the potential to uptake heavy metals. Plants of Brassica juncea 
accumulated a concentration of lead up to 500mg/L. (Ghosh M. and Singh 
S. 2005), Helianthus annuus L. and Salix alba L. (Borišev M. et al., 2012).

In the current work the use of Ipomoea carnea.Jacq a common weed in 
the country is used to explore its potentials in remediating some heavy 
metals. The metals Cadmium, Chromium, Copper, Lead and Zinc were 
supplied to the plant and their concentrations were determined post-
harvest.

2.	 MATERIALS AND METHODS
Cuttings of Ipomoea carnea were planted in polythene bags. These bags 
contain soil mixed in the proportion of three parts of reading loam to one 
part of farmyard manure. 250 ml of water was given to each bag daily. 
After the first five days needed for the establishment of the cuttings, 
the plants were subjected to 250 ml of the test solution of heavy metals, 
every third day. One set was maintained as a control, to which identical 
amounts of only water were administered. Identical watering schedules 
were maintained for all the sets of plants.
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The design of treatment is given below:

Table 2:	 Schedule of treatments of Ipomoea carnea with heavy metals (12 replicates each)

Metal Cadmium Chromium Copper Lead Zinc

Days of the Harvest 45 60 45 60 45 60 45 60 45 60

Concentration in 
ppm

∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

15 ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

50 ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

150 ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

300 ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

500 ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

Control ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕ ∕

The plants were harvested at 6 and 9 weeks and morphological 
parameters were recorded along with heavy metal concentrations in the 
roots and leaves. For the sake of our convenience, we have discussed the 
concentrations of the heavy metals in the tissues, which were measured 
using atomic absorption spectrophotometer.

Digestion procedure: 1gm of dried sample was taken in an 
evaporating dish. 10 ml of conc. HCL and 10ml of conc. HNO3 was added 
to the sample. The evaporation dish was then placed on the burner and 
heated till completely dry. The evaporating dish was allowed to cool 
and 10 ml of conc. Perchloric acid was added and heated till dense white 
fumes appeared. Further 5ml of Conc. HCL and 20 ml Distilled water 
was added and the evaporating dish was placed on a hot plate for 30 
min. The evaporating dish was then cooled and its content was removed 
in a 50 ml volumetric flask and the final volume was made up to 50 ml 
using distilled water. The solution was filtered using a Whatman filter 
paper No.1. Finally, the sample was aspirated in the Atomic Adsorption 
Spectrophotometer. (Levenson R., 2001)

3.	 RESULTS AND DISCUSSIONS

3.1.	 Metals in Leaves and Roots

Cadmium: The 6-week old plants showed that the roots contained a very 
high amount of Cadmium as compared to the leaves. The 9-week old 
plants showed that with a longer duration of treatment, the Cd content 
of the leaves decreased except for 15 ppm treatment. Cd content of roots 
increased at longer durations.

Chromium: The 6-week old plants showed that the roots contained 
more Cr at the lower concentrations, 15 ppm and 50 ppm and the leaves 
contained more Cr at the higher concentrations 150 ppm, 300 ppm, and 
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500 ppm. The 9-week old plants showed that with a longer duration of 
treatment, the Cr content of the leaves decreased, except for 500 ppm, and 
the chromium content of the roots increased except for 15 ppm treated 
plants. In general, it can be said that the 9-week old plants showed that 
the roots contained more chromium than the leaves.

Table 3:	 Concentration of Heavy Metals in Leaves after 6 weeks of treatment.

Concentration 
in ppm Cad Cr Cu Pb Zn

0 0 0 4 2 32

15 23 0.5 26 25 55

50 52 0.9 47 70 75

150 63 3.7 130 190 120

300 125 3.9 245 275 260

500 78 3.8 282 482 355

Figure 1:	 Concentration of Heavy Metals in Leaves after 6 weeks of treatment.

Copper: The 6-week old plants showed that the leaves contained a 
higher amount of Cu than in the roots. The 9-week old plants showed 
that the Cu content of the leaves decreased and that of the roots increased 
except in 500 ppm treated plants.

Lead: The 6-week old plants showed that the leaves contained a very 
high amount of Pb as compared to the roots. The 9-week old plants also 
showed a similar trend except at 500 ppm Pb treatment where the Pb 
content of both leaves and roots were nearly the same. There seemed to 
be a decrease in the Pb content of both leaves and roots, with a longer 
duration of 9 weeks.

Zinc: The 6-week old plants showed that the leaves contained a very 
high amount of Zn as compared to the roots. Analysis after 9 weeks 
showed that the metal contents of the roots of 15ppm, 300 ppm, and 500 
ppm treated plants were higher than those of the leaves and in 50ppm 
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and 150 ppm treated plants the Zn contents in leaves were higher than in 
the roots. A longer duration of 9 weeks resulted in a decrease in the Zn 
contents of roots, except in 150ppm and 300ppm treated plants where a 
decrease in Zn contents of the roots was noted.

Table 4:	 Concentration of heavy metals in leaves after 9 weeks of treatment.

Concentration 
in ppm Cad Cr Cu Pb Zn

0 0 0 2 5 26

15 20 0.2 5 28 32

50 17 0.5 27 30 67

150 22 0.8 48 100 95

300 42 3.6 42 195 100

500 24 5.9 73 140 128

Figure 2:	 Concentration of heavy metals in leaves after 9 weeks of treatment.

Table 5:	 Concentration of heavy metals in roots of Ipomoea carnea after 6 weeks of treatment 
in ppm

Concentration 
in ppm Cad Cr Cu Pb Zn

0 0 1 5 1 25

15 30 1.2 23 25 27

50 50 2.2 27 20 48

150 175 2.8 48 40 90

300 220 3.7 72 80 126

500 340 2 110 160 155



Ipomoea carnea in Phytoremediation of Heavy Metals	 139

Figure 3:	 Concentration of heavy metals in roots of Ipomoea carnea after 6 weeks of treatment 
in ppm.

Table 6:	 Concentration of heavy metals in roots of Ipomoea carnea after 9 weeks of treatment.

Concentration in 
ppm Cad Cr Cu Pb Zn

0 2 0 10 0 28

15 60 1 25 7 30

50 75 2.3 40 23 55

150 255 3.9 65 30 80

300 205 13.3 90 78 125

500 362 5.8 115 130 208

Figure 4:	 Concentration of heavy metals in roots of Ipomoea carnea after 9 weeks of treatment.
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4.	 CONCLUSION
For almost two decades phytoremediation has been used which has 
now evolved as a cost-effective alternative to conventional methods to 
remediate contaminated soils. Green plants are used to remediate and 
reclaim soils and water contaminated by a wild range of pollutants 
including heavy metals (Salt et al., 1998; Meagher, 2003). Almost the 
first step in a phytoremediation study is to screen and select the plant 
with features like fast growth, high biomass, high bioaccumulation, non-
invasive and easily adaptable. In conclusion, it may be said that plants in 
contact with metal contaminated soils, absorb and retain the metals for 
a short period (of about 6 weeks) as at this stage a maximum amount of 
absorption and accumulation of heavy metals takes place. Indefinite and 
continued absorption of the metal is not possible as is seen by the above 
experiments. There is a tendency in plants to lose metals to the soils at 
longer durations.

In general, if put in a nutshell, the behaviour of Ipomoea carnea 
concerning the fine heavy metals tested is somewhat like this.
•	 Accumulation in roots in 6 weeks – Cd > Zn > Pb > Cu > Cr
•	 Accumulation in leaves in 6 weeks:
•	 At lower concentrations is Zn > Pb > Cu > Cd > Cr
•	 At higher concentrations is Pb > Zn > Cu >Cd > Cr

Metal content of the roots, after a further treatment of 3 weeks after 
the above observation is:

Cd > Zn > Cu > Pb > Cr
(Increase in the metal content of the root after 3 weeks after the 

observation)
Loss from the leaves over 3 weeks after the above observation
a)	 At lower concentrations – the metal content is Zn > Pb > Cu > Cd 

> Cr
b)	 At higher concentrations – the metal content is Pb > Zn > Cu > Cd 

> Cr
Therefore potential of Ipomoea carnea to effectively absorb the metals 

in Zn > Cd; Pb > Cu > Cr and retain them is Cd > Zn; Pb > Cu > Cr
The findings have relevance to the situation where plants are expected 

to detoxify toxic metals from solid waste dumps. The growth of plants for 
limited durations may help in improving the quality of soil by effectively 
removing the metals. The continued growth of plants, leads to a stage of 
equilibrium between metal concentrations in and out of plant organs.
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