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ABSTRACT: 

 Today’s world in which life is fast and 

people following different profession are 

highly mechanical, stress has become a 

common phenomenon. It is so widespread 

that there is an imperative need to manage it 

more effectively. Stress is thus an inevitable 

part of modern life. It is the psychological 

reaction that occurs when an individual is 

subjected to an imbalance between the level 

of demand placed upon that individual and 

the capability of that individual for meeting 

that demand. Stress arises as a result of 

interaction between employees and 

employers, and is related to their jobs and 

working environments. 
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INTRODUCTION: 

 Stress is normally caused by factors such 

as deadlines for completing a job, quality of the 

work to be maintained, lack of rest hours, 

working atmosphere such as smoke, sound and 

weather conditions, health condition of the 

individual, personal commitment of the 

individual and so on. People employed in good 

working atmosphere are subjected to relatively 

less stress and strain as compared to individuals 

working in an oppressive atmosphere full of 

strain and tension. In cities like Tiruvannamalai, 

the stress experienced by the traffic police 

personnel is of serious concern but it is not 

recognized as the major constraint of traffic 

enforcement and investigation professionals as 

yet. The media reports of police 20 brutality and 

indiscipline can be perceived as warning signs 

of job stress, emphatically pointing to the 

mismanagement of this crucial problem so far. 

Job stress is a phenomenon which is 

unmistakably part of human work environment. 

The traffic policeman’s work environment also 

does not escape from this reality. Though work 

stress is not necessarily a negative 

phenomenon, if managed effectively, it can be 

instrumental to enhanced performance. 

Excessive stress can produce adverse effects 

and hence it needs to be prevented. In case the 

job stress with regard to vital social agency like 

the traffic police personnel is not managed 

properly, the negative implications could 

assume greater significance. 

 Society views the traffic police personnel 

not only as a law enforcing agency but also as an 

instrument of social service, an agent of social 

change and the protector of the rights and 

duties of the people. There are so many 

incidents of traffic police personnel brutality, 

highhandedness, excessive use of physical 

violence and verbal abuse. The negative image 

of the police of being discourteous, inhuman, 

sadistic and inefficient prompts a curious 

observer to look beyond the surface and 

discover the underlying strain that exists in 

them. The highly paradoxical nature of the 
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traffic police job makes it like tightrope walking 

and deserves a closer scrutiny than the 

attention given to them now both by the people 

and the government. It is felt that the stress 

experienced by the traffic police is the key factor 

influencing their behavior pattern. The negative 

aspects of the stress are normally exhibited by 

the traffic police through their behavior in 

dealing with the public and others who are in 

contract with them. Hence, stress of the traffic 

police deserves scientific analysis in order to 

find ways and means of managing their stress. It 

is also seen that no systematic study has been 

made in this aspect by any of the earlier 

researchers in order to give a scientific solution 

to solve the very important problem of stress 

that the traffic police is subjected to. 
 

NEED FOR THE STUDY: 

If the traffic police personnel are not 

happy with their work environment, it can 

cause problems such as poor performance and 

undesirable interpersonal relationship affecting 

the physical wellbeing of the individual. 

Finally, it leads to stress and affects the 

department operation and assignments. 

Therefore, the study needs to find out factors 

which influence the stress of their employees 

and take appropriate action to eradicate them. 

It also needs to improve the working conditions 

and fulfill the trafic police personnel fair needs 

which are required for better performance. 

Keeping in mind the importance of stress 

of traffic police, it is proposed to carry out a 

systematic study to analyses the various 

parameters that are responsible for causing 

stress among the traffic police personnel of 

Tiruvannamalai City. It is believed that the study 

would yield scientific solutions that would 

reduce their stress by implementation. Such a 

concern has been brought out in the present 

study entitled “A study on work life balance 

among traffic police with special reference to 

Tiruvannamalai city” 

SCOPE OF THE STUDY: 

It is very clear that traffic police 

personnel, working in the open atmosphere and 

regulating the traffic are subjected to work 

stress. There is an urgent need to make a 

systematic study of the problem and identify the 

pertinent factors influencing the work stress of 

traffic police with special reference to 

Tiruvannamalai city which is suffering from 

high traffic intensity. The effect of independent 

parameters such as personal, degree of work 

load, working environment, public support, 

level of communication and adequacy of 

physical resources on work stress are assessed 

accurately. It is felt that the study would yield an 

appropriate solution that would help to reduce 

the work stress of traffic police in 

Tiruvannamalai city, when implemented. This 

study would help to find out the kind of coping 

style that (positive and negative) is followed by 

traffic police when they are under stress. In 

view of all the above facts, the present study is 

important and the researcher feels that the 

validity and impact factors of the study are 

significant. 

 

OBJECTIVES OF THE STUDY: 

 The present study was undertaken with 

the following objectives. 

1) To find out the work stress among the traffic 

police. 

2) To identify the job-related factors influencing 

work stress. 

3) To study the role of coping styles on work 

stress. 

4) To offer suggestions based on findings of the 

study. 

 

PROFILE OF THE STUDY- TIRUVANNAMALAI: 

Tiruvannamalai is a city and a special 

grade municipality in the Indian state of Tamil 

Nadu. The city is also mentioned as Arunai, 

Tiruvarunai and Tondainattunallur in Tamil 

Tirumurai texts. The city is administered by a 
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special grade municipality that covers an area of 

13.64 km2 and a population of 145,278. It is the 

administrative  headquarters   of 

Tiruvannamalai District. Roadways are the 

major mode of transport in Tiruvannamalai, 

while the town also has rail connectivity. 

Chennai International Airport is the nearest 

domestic and international airport to the town. 

Tiruvannamalai is named after the central deity 

of the Annamalaiyar Temple, Annamalaiyar. 

The Karthigai Deepam festival is celebrated 

during the day of the full moon between 

November and December, and a huge beacon is 

lit atop the Annamalai hill. The event is 

witnessed by three million pilgrims. On the day 

preceding each full moon, pilgrims 

circumnavigate the temple base and the 

Annamalai hills in a worship called Girivalam, a 

practice carried out by one million pilgrims 

yearly. 

Apart from other temples, there are 8 

important shiva temples facing 8 important 

directions on the (side) path of Girivalam. All the 

Shivlings of these 8 temples are believed to have 

formed naturally. 

Located on the foothills  of Annamalai  

hills,  Tiruvannamalai  has  been  ruled  by  the 

Pallavas, the Medieval Cholas,  the Later  Cholas, 

Hoysalas,  the Vijayanagar  Empire,  the Carnatic 

kingdom, Tipu Sultan, and the British. It served 

as the capital of the Hoysalas. The town is built 

around the Annamalaiyar Temple like other 

Nayak capitals. Tiruvannamalai is administered 

by a special-grade a municipality constituted in 

1886. Tiruvannamalai has an average elevation 

of 200 metres and experiences a hot and humid 

climate. Being a pilgrimage town, most of the 

people are employed in the tertiary sector. 

There are 25 elementary schools, nine high 

schools, 18 higher secondary schools, four arts 

& science colleges, one government medical 

college and four engineering colleges in the 

town. 

 

REVIEW OF LITERATURE: 

Although precise figures are unavailable 

to substantiate a high incidence of alcoholism 

among police, department officials report that 

as many as 25 percent of the officers in their 

respective departments have serious alcohol 

abuse problems Hurrell and Kores, (1975)1. It 

has proposed that alcoholism may result from 

the extraordinary stress of the job. The nature of 

police work and the environment in which it is 

performed provide the stress stimulus. 

With the growing incidence of accidents, 

traffic violation, and widening role expectations, 

the mental and physical health of police 

personnel assumes greater significance than 

before. Stresses may be triggered from social 

change, economic conditions, police 

organization, the total criminal justice system, 

the demands made on policeman‟s time and of 

their families who are also experiencing stress, 

the job of policemen in general, and from the 

cumulative and interactive effects of these 

stressors Grencik, (1975)2 

Stress is an integral part of any police job. 

Indeed Somodevilla (1978)3 suggested that a 

police officer is under stress and pressure, 

unequalled in any other profession. In the recent 

years, there has been a spurt in research on 

occupational stress in police, particularly in the 

US and Britain. There is considerable evidence 

suggesting that more enforcement officers are 

killed by job related stress than they are by 

criminals. The destructive effect of stress on 

police personnel has been given due recognition 

in the western countries and steps have been 

taken there to combat the menace of police 

stress 

In fact, concern over the high incidence 

of work stress in the police in USA has reached 

such a proportion that an International Law 

Enforcement Stress Association (ILESA) was 

formed in 1978 which published its own 

quarterly magazine entitled „Police stress‟ 

highlighting the significance of the same. In the 

https://en.wikipedia.org/wiki/Tiruvannamalai_District
https://en.wikipedia.org/wiki/Chennai_International_Airport
https://en.wikipedia.org/wiki/Annamalaiyar_Temple
https://en.wikipedia.org/wiki/Karthigai_Deepam
https://en.wikipedia.org/wiki/Arunachala
https://en.wikipedia.org/wiki/Arunachala
https://en.wikipedia.org/wiki/Pallavas
https://en.wikipedia.org/wiki/Medieval_Cholas
https://en.wikipedia.org/wiki/Later_Cholas
https://en.wikipedia.org/wiki/Hoysala
https://en.wikipedia.org/wiki/Vijayanagar_Empire
https://en.wikipedia.org/wiki/Nawab_of_the_Carnatic
https://en.wikipedia.org/wiki/Nawab_of_the_Carnatic
https://en.wikipedia.org/wiki/Tipu_Sultan
https://en.wikipedia.org/wiki/British_Raj
https://en.wikipedia.org/wiki/Tiruvannamalai#endnote_a
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first issue of this magazine Hans Selye (1978)4 

suggested that police job is a uniquely high 

stress occupation. Those experiencing high job 

stress have been found to drink more than that 

experiencing low job stress. 

The „help or hinder syndrome‟ tests an 

officer’s emotions daily. Added to this, the 

rigours of working for long hours without rest, 

meager remuneration and inadequate living 

conditions and rotating shifts make it clear why 

policing is a high stress occupation. The job 

makes great demand on the mental, emotional 

and physical capabilities of the officer; demands 

that are all too often so stressful that they begin 

to destroy the individual Depue, (1979)5 

According to White (1980)6, first the 

police person should learn to become aware of 

the sources of stress in his own life and the 

methods by which they can be eliminated or 

controlled so that they do not impair his 

effectiveness on the job or the quality of his 

personal and home life. Secondly, he should 

learn to recognize and deal with the stress 

affecting his subordinates if he has to be a 

successful supervisor. Ability to recognize signs 

and symptoms of stress would enable one to 

know when to seek help and prevent disaster. 

Law enforcement entails upon the traffic 

police to perform their job, to be on duty even in 

the scorching heat of summer, pouring rain and 

freezing winter. The functions of the traffic 

police encompass preservation of law and 

order, safeguard people from accident and 

reduce traffic congestion. He is a helper, savior, 

friend and referee. Then as a law enforcer he 

makes an arrest or uses force to enforce the rule 

of law. This roller-coaster ride is a process 

difficult to understand functionally and 

incomprehensible emotionally Bratz (1986)7 

The unique patterns of job-related stress 

within a variety of occupations must be 

understood. Marshall (1986)8 examined the 

potential value of focusing on particular 

occupational groups separately to achieve 

complete understanding of the environmental 

and personal pressures that contribute to the 

experience of stress. She concluded that the 

type of ecological awareness appropriate to 

stress will depend on the core definition of its 

role. With this perspective in view, a chapter on 

the structure and functions of traffic police in 

Chennai follows this one. The traffic police have 

been found extremely suitable for studying 

occupational stress because of high degree of 

stress and intense involvement in work. The 

special vulnerability of the traffic police as an 

occupational group to job stress and burnout 

deserves recognition and an effort to search for 

solutions to this problem need to be launched. If 

individuals and organizations are prepared to 

cope effectively with stressors, they may be able 

to reduce the negative consequences of the 

stress. Research can directly impact operational 

procedures and future training and illustrate 

the potential dangers of certain psychological 

responses which may be amenable to 

modification through training. 

To preserve and protect lives on the one 

hand and to be prepared at a moment’s notice to 

lay down his own life in the service of the nation 

is a challenge this occupation expects its 

aspirants to handle. People involved in law 

enforcement are constantly exposed to other 

people’s problems as well as their own. The 

daily enigmas occurring in every person’s life 

become greatly intensified for a traffic police 

officer on duty. Law enforcement tends to 

impose a higher degree of stress and a 

multiplicity of stressful situations on the 

individual than do most other professions 

Colwell (1988)9. 

Standing alone in the street, facing the 

reality of irrational violence, the policeman has 

to cope with his emotions, suppressing them 

and appearing in control as the society expects 

him to do. Kunce and Anderson (1988)10 have 

outlined five non-pathological attributes 

necessary for successful performance as a police 
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officer emotional restraint, emotional 

expressiveness, group cohesiveness, 

independent style and realistic orientation. 

One reason that police may be slow to 

recognize the effects of stress on them is 

because it has been taken as “part of the job”. 

There exists a gap in the research on traffic 

police stress and there is a need to identify the 

most stressed sub-group of traffic police 

hierarchy, most dominant job stressors and the 

various types of coping strategies adopted by 

traffic policemen to handle stress. An evaluation 

of various dimensions of the problem of stress 

in traffic police personnel is long overdue. 

 

RESEARCH METHODOLOGY: 

Research methodology is a systematic 

process of identifying and formulating by 

setting objective and method of collecting, 

editing and tabulating to fine solution. Research 

methodology is as way to systematically solve 

the research problem. It may be understanding 

as a science of studying how research is done 

scientifically. In it we study he various steps that 

are general adopted be researcher in studying 

his research problem along with the logic 

behind then. 

 

RESEARCH DESIGN: 

Research design is the aid frame work 

which provides guidelines for the rest of 

research process. It is a map or blueprint 

according to which the research is to be 

collected. The research design specified the 

method for data collecting and data analysis. 

The researcher specifically pinpoints that to 

carry out research properly how would the data 

is collected. Which instrument for data 

collection would be used? What sampling plan 

would be used? The researcher has to carefully 

decide and make a choice from the group of 

different alternatives availed to him. It this 

proposed study we have uses descriptive 

research design. Descriptive research design 

concerns with focus of characteristics of group 

or individual or situation. 

 

SAMPLING DESIGN: 

Collection of data about each and every 

units of the population is called census method. 

The approach where only a few units of 

population under study are considered for 

analysis is called sampling. 

 

SAMPLING TECHNIQUES: 

Sampling techniques are classified in to 

probability sampling and nonprobability 

sampling. In the study the researcher has used 

simple random sampling. Under simple random 

sampling each member of population has a 

known ad equal change of been selected 

 

SAMPLE SIZE: 

 60 respondents are selected as a sample 

size for this proposed study 

 

AREA OF THE STUDY 

 Tiruvannamalai is the study area for this 

proposed study 

 

SOURCE OF DATA COLLECTION: 

 Both primary and secondary the data is 

used for collecting information. 

Primary data Primary data is data which is 

collected directly from the respondents. Survey 

method is adopted is collect the primary data 

and questionnaire is an instrument used to 

collect the primary data. 

Secondary data Secondary data is the data 

which is collect from previously published 

sources is known as secondary data for this 

study the researcher has collected the 

secondary data through book and internet. 

 

STATISTICAL TOOLS USED FOR THIS STUDY: 

In this study we used the two following 

statistical tools namely percentage analysis and 

weighted average method 
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PERCENTAGE ANALYSIS: 

Percentage analysis is use to find 

percentage value for this entirely different 

question used for all. The question used in 

making comparison between two or more series 

of data. 

% of Respondents =   No. of respondent 

   Total no. of respondents 

 

DATA ANALYSIS: 

 

FINDINGS: 

 92% of the Respondents are Male. 

 50% of the Respondents age group is Below 

40. 

 83% of the Respondents are married. 

 42% of the Respondents qualification was 

HSE. 

 42% of the Respondents present designation 

is RSI. 

 42% of the Respondents years of services are 

Above 10. 

 50% of the Respondents daily working hours 

are 8-9 hours. 

 58% of the Respondents salary was above 

15,000. 

 84% of the Respondents family size is 4-5 

members. 

 

SUGGESTIONS: 

 The traffic police department should give 

opportunity to improve educational 

qualification of traffic police. It improves 

knowledge and theoretical skills of the 

employees. 

 The daily work hours should be 8 hours as 

per government norms and regulations. 

 The monthly income must be revised time to 

time based on the cost of living 

 Employees should give equal importance for 

work and family responsibilities to avoid 

work family conflict. 

 The work overload can be avoided though 

streamlining the HR department and proper 

man power planning from time to time. 

 Any government can have success only by 

getting good support from public.  It is true of 

traffic department too. Ruthlessness and 

rudeness are counterproductive. So, traffic 

organization should take necessary steps to 

make the public understand traffic rules and 

regulations by awareness programmes in 

schools, colleges and public meetings. 

 Traffic police officers have to appreciate and 

give certificate, reward, and award to their 

subordinates who have done good work. It 

gives satisfaction of the employees and 

reduces occupational stress which is caused 

by employees‟ grievance, lack of motivation 

and support. 

 

 

 Factors Particular No. of 

Respondents 

% of the 

Respondents 

1 Gender of 

Respondents 

 

male 55 92% 

female 5 08% 

2 Age Group of 

The 

Respondent 

Below-40 30 50% 

40-50 15 25% 

Above -50 15 25% 

3 Marital 

Status of The 

Respondents 

Married 50 83% 

Unmarried 10 17% 

4 Academic 

Qualification 

of The 

Respondents 

 

PG 15 25% 

UG 20 33% 

HSE 25 42% 

DIPLOMA 0 100% 

5 Present 

Designation 

RI 10 17% 

RSI 25 42% 

HC 10 17% 

Grade-I PC 5 8% 

THG 10 17% 

6 

 

Year of 

Services 

Below 5 20 33% 

5-10 15 25% 

Above 10 25 42% 

7 Daily 

Working 

Hours 

 

 

8-9 hrs. 30 50% 

9-10 hrs. 5 8% 

More than 10 

hrs. 

25 42% 

8 Salary Per 

Month 

Below 

10,000 

5 8% 

10,000-

15,000 

20 33% 

Above 

15,000 

35 58% 

9 Size of The 

Family 

Up to 3 5 8% 

4-5 50 84% 

Above 5 5 8% 
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CONCLUSSION 

Work stress is a subject matter of every 

organization and nature of job. It is to be kept 

under minimum level. Organizations conduct a 

lot of training programmes to improve coping 

styles and to create awareness among the traffic 

police on health and good habits and 

precautionary measures of somatic symptoms. 

One should understand the job needs from time 

to time and improve himself in terms of health, 

coping styles and potential to work and succeed. 

In the process of training and developing an 

employee, there is need to participate and 

support the team so that traffic police grows 

along with the organization. Organization can 

play a keen role in planning and developing the 

individuals for future needs. 

It is also true that training and 

development can help in reducing work stress 

and improve employee potential. Physical and 

technological changes on the basis of current 

needs can help the traffic police in conducting 

their duties efficiently. Both external and 

internal factors need to be maintained from 

time to time. These measures can help in 

developing the organizational climate and 

individual employee’s morale to a greater 

extent. This can help in keeping the minimum 

level of stress and bringing out the optimum 

level of employee potential for the betterment of 

services of traffic in particular and the lives of 

traffic police at large. We hope and pray for such 

environment bestowing the benefits to the 

traffic police in particular and to the society at 

large. 
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Abstract— The research aims is to examine the textural, microtexture and heavy mineral content present in the sediments 
from the mouth of the Vetter River, near Karaikkal, Tamil Nadu, India. Textural studies reveal that 93.75% of the samples 
shows fine sand nature which is found dominant and 6.25% of the samples fall under the very fine sand category. 62.5% of 
the sample is found as moderately well sorted resulted from sorting. Skewness is ranging from positive to negative skewed 
(-0.135 Φ to 1.053Φ). The kurtosis nature of the sediments values varies from mesokurtic (31.25%) platykurtic (37%), 
leptokurtic nature (25%) and very leptokurtic (6.25%). The result of Linear Discriminant Function (LDF) shows that the 
sediments were predominantly deposited through the fluvial process under a shallow disturbing environment which is 
carried by turbidity action. CM diagram results suggest that most of the samples are fall under bottom suspension and 
rolling whereas the remaining sample shows rolling condition. In sand grain, the microtextural study reveals the following 
condition such as conchoidal fractures, grooves, chemical alteration, angular to subangular grains, which shows that these 
sand grains were influenced under tropical condition. Heavy minerals present in this area are opaque and non-opaque 
minerals, which are understood from igneous and metamorphic rocks. 
 
Keywords- Textural Characteristics, CM pattern, Heavy mineral, SEM, Vettar River 
 

I. INTRODUCTION 
 
The vital role of rivers is erosion, produce, transport and 
deposition of the sediment and change of the earth’s 

morphology. This issue has led to broad studies by 
different researchers about rivers and the effective 
processes in this environment as suggested by 
[1,2,3,4,5,6,7,8].  In the east and west coast part of India 
the granulometric studies have been executed by many 
researchers [9,10,11,12,13,14,15,16,17,18,19]. Grain size 
plays a major role in the physical properties of sediments 
which is a significant parameter in understanding the 
history of sediment transportation and deposition 
[20,21,22,23,24]. 
 
Microtextural studies were generally categorized as 
mechanical or chemical according to their origin. Some of 
the mechanical origins are conchoidal fractures, v-shaped 
fractures and arcuate steps. The aeolian pitting, relief, and 
clinging units are some of the examples of mechanical or 
chemical origin [25,26,27,28,29,30,31,32,33]. The SEM is 
used in identifying microtexture of quartz grain and it is an 
advantageous proxy in recognizing the environment of 
deposition, the mode of transport and the diagenetic 

process. Heavy minerals can be relied upon for 
understanding the maturity of the sediments. Placers 
minerals are often seen in river beds, beach areas and 
nearshore sediments [34,35]. Many sedimentologists has 
been made research on the various characteristics of 
sediments and their environment of deposition 
[22,36,37,38,39,40,41,42]. The present work aims to 
understand the depositional environment along with grain 
size, microtexture and heavy minerals that have been 
carried out for Vettar River mouth sediments. 

 
II. STUDY AREA 

 
The present study lies in the area of Nagapattinam District 
in Tamil Nadu. The geographical coordinates are N 
10°49’36’’ (latitude) and E 79°51’05’’ (longitude). Vettar 
River is one among the main branches of the Cauvery 
River which originates in Thalacauvery from Karnataka 
and flows through Nagapattinam district in Tamil Nadu 
and finally drain in the Bay of Bengal. Arasalar, 
Tirmalairajanar, Adappar, Vettar and Vedaranyam canal 
are the major and significant river in this area, which are 
tributaries of the river Cauvery (Figure 1).   
 

http://www.isroset.org/
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Figure 1. Showing location map of the study area. 

 
III.  METHODOLOGY 

 
The core sediment sample was collected at Vettar River 
estuary by the PVC pipe of length 80cm. With an interval 
of 5 cm, the core sediment was subdivided into 16 samples 
and were kept in the sampling bags for analysis purpose. 
The sediment samples was made dried and coning and 
quartering method has been used for sieve analysis. 
 
The samples got rinsed and treated with HCl in the ratio of 
1:10, 30% of H2O2 and SnCl2 in order to remove the 
ferruginous coatings, carbonate materials and organic 
matter. The samples were weighed and sieved on ASTM 
from +2 to -325 mesh size were used to half phi intervals 
by using the [21] method. Gradistat V8.0 software is used 
to determine the grain size data followed by sieving. The 
textural parameters such as Mean (Mz), Standard deviation 
(σI), Skewness (Ski) and Kurtosis (KG) in the sediments 
were determined using the package Grain. The CM plot 
and Tractive current diagram were obtained using G-Stat 
software [43,38]. LDF was used for the analysis of the 
energy and sediment depositing environment [36]. The 
mesh size from 200-400μm was specifically selected to 
collect the grain size for our present study as they show the 
depositional features of different environments [25]. For 
mineralogical studies, a total of 20 sand grains were 
manually separated from the sediment samples with the 
use of a binocular microscope.  
 
The SEM (scanning electron microscope) analysis has 
been carried out at (Centralized Instrumentation and 
Service Laboratory) CISL, Annamalai University. The 
grains were studied in detail for their typical 
morphological features and photographs were taken by 
using Joel JSM-5610LV scanning electron microscope. For 
heavy mineral studies, the 120 sieve mesh was used to 

separate the samples by followed the standard technique 
using the heavy liquid bromoform. Followed by this, the 
samples were thoroughly washed with acetone and finally 
mounted on a glass slide by applying Canada balsam. The 
optical characteristics of the minerals were identified with 
the help of a microscope. 

 
IV. RESULTS AND DISCUSSION 

 
Textural studies 
The textural parameter data were used to compute the 
graphical parameters such as Mean, Standard deviation, 
Skewness and Kurtosis according to [21], the resulted data 
were given in the table. 1. 
 
Mean (Mz) 
The mean value is calculated using the method where the 
midpoint of each grade is the arithmetic size limits in 
millimetre eg. Geometric mean [44,45,46]. The resulted 
mean values dominantly fall under the fine sand category 
(93.75%) and the remaining samples falls under the very 
fine Sand category (6.25%). The value ranges from 2.100 
Φ to 3.033Φ with an average of 2.562 Φ. From the result, it 

is clear that the sediment shows moderately low energy 
condition during deposition [47].  
 
Standard deviation (σI) 
The graphical standard deviation covers both the tails of 
the distribution [21]. The resulted sorting value is in the 
ranges from 0.347 Φ to 0.628 Φ with an average value of 
0.485 Φ. It is noted that 62.5% of sand is moderately well 
sorted and 37.5% of sediment shows a well-sorted nature. 
The well sorted to moderately well-sorted nature of the 
sediments indicate that the depositing agent was majorly 
influenced by the stronger energy condition [48]. 
  
Skewness (Ski) 
According to [21], the skewness value differs from -0.135 
Φ to 1.053Φ with an average value of 0.280 Φ.  In the 
study region, 37.5% of sediments fall under fine skewed 
nature, 31% belongs to very fine skewed, 18.75 % of the 
sample near-symmetrical and 12.5% belongs to coarse 
skewed. Perfect skewness of debris illustrates the 
impeachment of the debris in protected depressed intensity, 
whereas unfavourable skewness of debris illustrates 
impeachment at high-intensity surroundings. Perfect 
skewness of sediment indicates the low-intensity 
surrounding, whereas unfavourable skewness illustrates the 
high-intensity surroundings [49]. 
 
Kurtosis (KG) 
Kurtosis is one of the qualitative measures to the ratio of 
finely sorted sediments to the coarsely sorted sediments 
from one environment to another environment after 
transportation [21]. The resulted values vary from 0.662Φ 

to 1.298Φ having an average value of 0.934Φ. In which, 
most of the sediment sample was falls under 37% of the 
sediments platykurtic nature followed by 31.25% sample 
fall under mesokurtic nature, 25% leptokurtic nature and 
very leptokurtic nature sediments 6.25% fall under process. 
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The kurtosis results having the dominant platykurtic to 
mesokurtic nature of sediments and it indicates the 
characteristics of fine or coarser particles during 
deposition. 
  
Bivariant Plots 
The results of the different textural parameters of the 
samples show depleted variations obtained by using the 
graphic and movement methods. Many earlier researches 
have also got the results alike [50,37,51,52,9]. Mean vs 
skewness values falls under beach environment (Figure 3). 
The Mean vs. Standard deviation values (Figure 4). shows 
an inner shelf process. The decrease in mean size indicates 
that sorting is very poor. The selected study area conveys 
the impact of fluvial and beach environments. Standard 
deviation vs. Skewness plot indicates all river and beach 
environment (Figure 2). 
 

 
Figure 2. Plot showing Standard deviation vs. Skewness values 

 

 
Figure 3. Plot showing Mean vs. Skewness values 

 

 
Figure 4. Mean vs. Standard deviation values 

Linear Discrimination Function (LDF) 
For environmental clarification and understanding [36] 
introduced LDF (Linear Discriminant Functions) which is 
a significant method for getting a result in a single linear 
equation by combining four different parameters such as 
Y1 (Aeolian: beach), Y2 (fluvial: turbidity), Y3 (Shallow 
marine: fluvial) and Y4 (Beach: shallow marine). This 
method is to aid in understanding the process and 
depositing environment. In the study area, according to the 
Y1 value, 100% of the samples denotes the fluvial process 
(Table 2). For the Y2 value 75% of the samples shows the 
beach environment and 25% of the remaining samples 
coming under shallow agitated water process. Y3 samples 
contribute 100% of the shallow marine environment and  
the Y4 sample denotes 100% of the turbidity environment.  
 
CM Plot 
According to [43,38] the CM plot is used to interpret the 
dominating environment and hydrodynamics involved 
during transportation and deposition of the sediments. In 
the present study, by using this CM pattern the mode of 
deposition of the environment is identified for our area of 
interest Vettar river mouth. The result obtained from the 
CM diagram denotes that majority of the sediment samples 
coming under bottom suspension and rolling condition. 
The samples in the low tide line coming under rolling to 
bottom suspension condition (Figure 5).  The result shows 
the beach environment when it was compared with the 
tractive current diagram. The rest of the samples which is 
having interaction with wave action also coming under a 
tractive current environment. 
 

 
Figure 5. CM and Tractive current deposit plot for Vettar River 

mouth sediments. 
 
Microtexture 
The sand grains demonstrate four shapes such as angular, 
sub-angular, sub-rounded and rounded nature. The 
transported distance and the duration determine the shape 
of the grains. Edges of the grains are sharp and illustrate 
high relief [53]. Microtextural studies of the grains were 
used to determine the depositional history of the sediments 
[54,55].The selected grains were studied and photographed 
in our research work. In the study area, microtexture is 
both mechanical and chemical feature such as sub-angular, 
sub-rounded, V-shaped pattern, conchoidal feature, silica 
precipitation, furrow steps, chemical alteration, solution 
pits, and grooves. This feature indicates the fluvial 
environment. The group of microtextures corresponds to a 
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littoral environment irrespective of mechanical or chemical 
origin. The resulted mechanical property denotes a high 
energy subaqueous depositional environment (Figure 6). 
 

Figure 6. Sem Photograps: A. Choncoidal fracture, Angular 
Grain, B. Medium Grain Subangular, C.Subangular, Grooves, D. 
Medium Grain , E. Choncoidal fracture, F. Subangular grain, G. 

Grovees structure, H. Subangular grain, alteration, pit, I-J. 
Alteration, Choncoidal fracture, K-L. subangular grain, Grooves, 

Choncoidal fracture , V-shaped pattern 
 
Heavy Minerals 
The heavy mineral study is one of the most important 
analyses which is used to understand the source of the 
sediment deposition along with the kind of weathering, 
transporting period and distance [46]. In India, most of the 
beaches are having the following heavy minerals like 
Ilmenite, Rutile, Garnet, Zircon, Monazite, Sillimanite 
[56,57,12,58]. The study area consists of both opaque and 
non-opaque minerals. Opaque minerals such as ilmenite 
and magnetite, non-opaque minerals such as garnet, zircon, 
tourmaline, rutile and sillimanite are generally found 
predominant in our study area shown in figure 7, which is 

represented as (A-C) - Zircon, (D-E) - Garnet, (F) -
Sillimanite, (G-I) - Rutile, (J-K) - Zircon, (N-P) - 
Tourmaline, (Q) - Illlmanite. Heavy minerals present in 
this area opaque and nonopaque minerals are derived from 
igneous and metamorphic rocks. 
 

 
Figure 7. Heavy Minerals: (A-C) Zircon, (D-E)-Garnet, (F)-

Sillimanite, (G-I) -Rutile, (J-K)- Zircon, (N-P) Tourmaline, (Q)-
Ilmenite 

 

 
Table. 1. Graphic measures from the grain size analysis of sediments at VETTAR river mouth 

Depth 
(in cm) 

Mean Sorting Skewness Kurtosis 
Remarks 

5 2.350 0.460 0.217 0.847 FS WS FSK PK 
10 2.850 0.628 -0.075 0.911 FS MWS NS MK 
15 2.683 0.563 0.340 1.298 FS MWS VFSK LK 
20 2.883 0.518 0.258 1.264 FS MWS FSK LK 
25 3.000 0.528 0.280 0.797 VFS MWS FSK PK 
30 3.033 0.563 -0.135 0.916 FS MWS CSK MK 
35 2.817 0.588 0.060 1.038 FS MWS NS MK 
40 2.550 0.509 -0.018 1.158 FS MWS NS LK 
45 2.600 0.627 1.053 1.215 FS MWS VFSK LK 
50 2.450 0.535 0.281 0.984 FS MWS FSK MK 
55 2.317 0.409 -0.106 0.710 FS WS CSK PK 
60 2.267 0.366 0.239 0.741 FS WS FSK PK 
65 2.517 0.354 0.129 0.694 FS WS FSK PK 
70 2.167 0.354 0.573 0.694 FS WS VFSK PK 
75 2.400 0.347 0.510 0.662 FS MWS VFSK VPK 
80 2.100 0.412 0.520 0.918 FS WS VFSK MK 

Minimum 2.100 0.347 -0.135 0.662     
Maximum 3.033 0.628 1.053 1.298     
Average 2.562 0.485 0.280 0.934     

(FS-Fine Sand, VFS- Very Fine Sand, WS-Well Sorted, MWS-Moderately Well Sorted, CSK-Coarse Skewed, VFSK-Very Fine 
Skewed, NS-Near Symmetrical, LK-Leptokurtic, PK- Platykurtic, VPK-Very Platkurtic, PK-Platykurtic, MK-Mesokurtic.) 
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Table 2. Showing linear discriminant function values (ldf) (sahu, 1984) 
Depth in 

Cm 
Y1 Remarks Y2 Remarks Y3 Remarks Y4 Remarks 

5 -7.603 Fluvial 50.690 Beach -1.183 Sh, Marine 1.610 Turbidity 

10 -8.711 
Fluvial 

70.527 
Sh. Agi, 

water 
-2.642 Sh, Marine 1.897 Turbidity 

15 -8.402 Fluvial 62.826 Beach -2.012 Sh, Marine 1.808 Turbidity 
20 -9.296 Fluvial 62.760 Beach -1.528 Sh, Marine 1.972 Turbidity 
25 -9.674 Fluvial 65.279 Beach -1.587 Sh, Marine 2.052 Turbidity 

30 -9.651 
Fluvial 

68.305 
Sh. Agi, 

water 
-1.912 Sh, Marine 2.061 Turbidity 

35 -8.774 
Fluvial 

66.814 
Sh. Agi, 

water 
-2.225 Sh, Marine 1.893 Turbidity 

40 -8.141 Fluvial 56.940 Beach -1.542 Sh, Marine 1.735 Turbidity 

45 -7.824 
Fluvial 

66.531 
Sh. Agi, 

water 
-2.702 Sh, Marine 1.717 Turbidity 

50 -7.684 Fluvial 57.158 Beach -1.809 Sh, Marine 1.652 Turbidity 
55 -7.650 Fluvial 47.261 Beach -0.805 Sh, Marine 1.604 Turbidity 
60 -7.595 Fluvial 44.288 Beach -0.527 Sh, Marine 1.582 Turbidity 
65 -8.519 Fluvial 47.634 Beach -0.380 Sh, Marine 1.766 Turbidity 
70 -7.270 Fluvial 42.155 Beach -0.480 Sh, Marine 1.513 Turbidity 
75 -8.119 Fluvial 45.480 Beach -0.370 Sh, Marine 1.683 Turbidity 
80 -6.866 Fluvial 44.026 Beach -0.888 Sh, Marine 1.447 Turbidity 

Sh. Agi, water-Shallow agitated water, Sh, Marine-Shallow marine 
 

V. CONCLUSION 
 
The river estuarine sediment plays a very significant role to 
understand the origin, transporting medium, direction and 
the depositional environment present in the region. For this 
purpose, a core sediment sample is collected from the 
Vettar River estuary in Tamil Nadu. Textural, microtexture 
and heavy mineral analysis in the sediments has been 
carried out in the present research work. The textural 
analysis of the sediments shows the following results of 
dominant categories: the mean indicates the fine sand 
category, the Standard deviation reveals the moderately 
well-sorted nature, the skewness specifies the fine skewed 
nature, Kurtosis denotes the platykurtic behaviour, prevails 
in the study area. The bivariant plot suggests that the 
sediments are showing a beach environment. The linear 
discriminant function reveals that all the three fluvial 
processes, shallow marine environment and turbidity 
environment are found to be dominant in the sediments. 
Beach environment and shallow agitated water condition 
are found in the rest of the sediments. From the CM 
diagram, it is clear that the sediments were undergone 
bottom suspension and rolling condition during their 
transportation. The microtexture analysis of the sediments 
represents the mechanical origin indicating a high energy 
subaqueous depositional environment. Minerals such as 
Zircon, Garnet, Sillimanite, Rutile, Tourmaline and 
Ilmenite are obtained through heavy mineral analysis. The 
presence of the heavy minerals might have been deposited 
as the result of a weathered product derived from the 
igneous and metamorphic rocks. The result of Heavy 
minerals and surface textural characters indicate varied 
igneous and metamorphic rocks and recent deposits as 
distal provenance. 
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Abstract 
This study present a novel method for the preparation of titanium dioxide (TiO2)/reduced 

graphene oxide (RGO) nanocomposite photocatalyst and study the H2 production rate under solar light. 
The prepared photocatalysts were analyzed their microstructure, morphology, optical and textural 
properties through XRD, TEM, Raman, UV, PL and BET analysis. XRD results suggest that both pure 
and RGO incorporated TiO2 samples show anatase phase tetragonal rutile type crystalline structure. 
TEM pictures clearly shows that spherical shaped nanoparticles of TiO2 with sizes in the range of 30-
40 nm, which is further decorated uniformly on the RGO sheets surface. When the ratio of RGO is 
0.25 wt%, the highest H2-production rate was achieved. It increased by 10 fold than bare TiO2, 
reaching 1419 μmol h−1g−1 with quantum efficiency (QE) of 5.75%. The reasons were as follows. 
Firstly, the RGO nanosheets acted as electron acceptors. Secondly, some shallow trap states at the 
surface or interface of TiO2 were created by the reduction of GO during calcination. 
Keyword: TiO2; Reduced graphene oxide: Hydrothermal; Photocatalyst; H2 production; Solar light. 
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1. Introduction 
Concern about the depletion of fossil fuel reserves and the pollution caused by continuously 

increasing energy requirements advocates the use of hydrogen gas as an energy vector, which has the 
advantage of not generating pollutants or greenhouse gases when used as fuel [1]. Traditional methods 
for hydrogen generation, i.e., the reforming of natural gas and petroleum, require high pressures and 
temperatures and the use of non-renewable raw materials [2]. Therefore, the development of 
environmentally friendly technologies to produce hydrogen from renewable sources is becoming 
increasingly important. In this way, photocatalysis, which has been widely researched for the oxidation 
of organic pollutants [3,4], could be used to convert the technology in a cost-effective manner for 
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hydrogen generation from renewable sources (aqueous or organic wastes) [5-9], provided high 
performance photocatalysts are available. Currently, TiO2 is the most commonly used photocatalyst. 
However, practical applications remain limited due to its low photocatalytic efficiency, catalyst 
bandgap (3.2 eV), low surface area, rapid recombination rate of photogenerated electron-hole pairs 
and fast backward reaction between hydrogen and oxygen to generate water. Moreover, its limited 
visible light response, low charge carrier mobility, and high carrier recombination [10] limit the 
efficiency of TiO2-based materials. Various methods such as element doping, surface modification, 
and heterojunction modification [11-14] have been used to improve the hydrogen production 
efficiency of TiO2 - based materials. 

Recently, graphene based materials are attractive and well covered throughout out the literature 
[15]. Their unique 2D structure of covalently bonded carbon atoms in to a honeycomb like lattice 
makes them mechanically strong and conductive due to the single atomic layer. They have high surface 
area, which gives a high aspect ratio between the junctions and bulk components. Not much thicker 
are grapheme oxide or reduced graphene oxide. Recently, graphene/TiO2 composites have re-captured 
broad attention in virtue of synergetic effects between the two components. Experiments have verified 
the superior photocatalytic performance of TiO2-graphene composite [16]. Similarly, Xiang et al. [17] 
also published a paper declaring the elevated photocatalytic H2-production activity of titania 
nanosheets by graphene modification. Numerous investigation has indicated that the role of graphene 
cannot be underestimated in photocatalytic H2 production [18]. As far as we know, reports on 
preparation of TiO2/RGO form are few. This report fills this gap by designing TiO2/RGO composite 
and investigating its potential in photocatalytic H2 production. 
 
2. Experimental procedure 
2.1. Materials 

Tetrabutyl titanate (Analytic Reagent (A.R) 99.0%) was obtained from Sinopharm Chemical 
Reagent Co., Ltd. Graphite materials were purchased from Sigma Aldrich. And graphene oxide (GO) 
was prepared using a modified Hummers method and then dispersed into the deionized water under 
ultrasonic condition for 30 min. 

 
2.2. Synthesis of TiO2 and TiO2/RGO composites 

TiO2/RGO was prepared by a facile hydrothermal method without using any of toxic and harsh 
reducing agents. Firstly, 5 ml Ti(OC4H9)4 and 0.018 g Sodium dodecyl sulfate (SDS) were dissolved 
into 12 ml ethanol, stirring 30 min. Then 50 ml GO solution (0.5 mg mL-1) was mixed with above 
mentioned solution for 3 hours sequentially until homogeneously distributed. Such mixed solution was 
placed into a Teflon stainless autoclave and heated 180 oC for 10 h. Finally, the mixture was washed 
several times with deionized water and ethanol, filtered, and dried in an oven at 60 oC. For simplicity, 
the as-prepared composites were designated as TG0, TG0.15, TG0.25, and TG0.5, respectively, 
according to the nominal weight ratio (R) of RGO to TiO2 (i.e. 0, 0.15, 0.25, and 0.5 wt%) 

 
2.3. Photocatalytic setup 
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The photocatalytic H2 generation experiments were carried out in a 100 mL Pyrex glass reactor 
with flat optical entry window and external cooling jacket. 20 mL of the aqueous suspension containing 
20 mg photocatalyst and sacrificial electron donor (SED) was the reaction mixture. The reactor was 
sealed with rubber septum and sonicated to suspend the catalyst completely in the water/SED system. 
Thereafter, the photoreactor was deaerated by bubbling argon for 30 min to remove the dissolved air 
before light irradiation. The reaction mixture was further stirred and irradiated by a Newport Xenon 
lamp (Newport, USA, model no: 66924) working at 400 W with an average intensity ~ 2 Sun (0.195 
W/cm2). Intensity of the light has been measured using optical power/energy meter. The quantity of 
H2 evolution was measured using N2 as the carrier gas on a gas chromatograph (Agilent Technologies: 
6890N) with TCD fitted with a 5 °A molecular sieve. The apparent quantum efficiency (AQE) was 
calculated according to the following equations: 

 
AQE =  number of reacted electrons/number of incident photons x 100 % 
        = 2 x number of evolved hydrogen molecules/number of incident photons x 100% 

 
3. Results and discussion 
3.1. Structural analysis 

The structural property of the prepared photocatalyst was analyzed by XRD. Figure 1 show the 
powder XRD pattern of pure GO, RGO, TiO2 and various TiO2/RGO composite photocatalyst 
samples. The GO pattern shows the strong diffraction peak at 2Ɵ = 11.7o (001), which corresponds to 
an interlayer spacing of 0.77 nm and indicate the presence of oxygen functional groups in the GO 
sample [19].  

 
Figure 1. XRD pattern of a) GO; b) RGO; c) TiO2; d) TG0.15; e) TG0.25 and f) TG0.5 
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Figure 2. Raman spectra of a) GO; b) RGO; c) TiO2; d) TG0.15; e) TG0.25 and f) TG0.5 
 
A broad diffraction pattern of RGO is appeared at 2Ɵ = 25.41o (002), which corresponds to an 

interlayer spacing of 0.77 nm. According to the JCPDS card no. 21-1272, pure TiO2, display the typical 
(101), (004), (200), (105), (211), (204), (116), (220), and (215) reflections that may be attributed to 
the anatase form of TiO2. These peaks are also observed in all the TiO2/RGO composite samples. The 
mixture of both TiO2 and RGO diffraction in the composite sample is due to the successful formation 
of nanocomposite between them. According to the Debye Scherrer’s equation [20] the grain size was 
calculated and the values are 17.6±0.1 nm, 17.6±0.1 nm, 17.6±0.1 nm, and 17.6±0.1 nm for TG0, 
TG0.15, TG0.25, and TG0.5, respectively. The Raman spectra of all the photocatalyst samples are 
shown in figure 2. The Raman modes of bare TiO2 is located at 155, 401, 525 and 667 cm-1, which 
correlated with Eg, B1g, A1g and Eg modes of anatase TiO2 [21]. the Raman spectra of synthesized GO 
showed two peaks at the wavenumber of 1335 cm-1 and 1598 cm-1, which corresponds to the D and G 
bands [22]. Both D and G bands are also appeared in the RGO sample, but the peak position of both 
bands are shifted towards the lower wavenumber at 1327 cm-1 and 1582 cm-1. the shifted in the peak 
position is due to the  re-graphitization process. 
3.2. Morphological analysis 

The microstructure and morphological information of the samples were examined by TEM and 
HRTEM. Figure 3 (a-c) shows the TEM images of RGO, TiO2 and RGO/TiO2 (TG0.5), respectively. 
The TEM image of RGO sample clearly shows that 2D sheets like wrinkle with lamer structure 
morphology (Fig. 3a). The pure TiO2 TEM picture clearly shows that spherical shaped nanoparticles 
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with the sizes in the range of 30-40 nm (Fig. 3b).  In RGO/TiO2 composite sample, the TiO2 
nanoparticles are uniformly decorated on the surface of the RGO nanosheets (Fig. 3c). Further, the 
TEM image of RGO/TiO2 (TG0.5) clearly shows the lattice fringes of clearly shows the resolved lattice 
fringes of 0.33 nm and 0.35 nm corresponded to the (002) planes of RGO and (101) planes of anatase 
TiO2, respectively (Fig. 3d). The EDS image of RGO/TiO2 sample clearly shows the presence of main 
elements like Ti, O and C (Fig. 3e). 

 
 

Figure 3. TEM images of a) RGO; b) TiO2; c) TiO2/RGO (TG0.5); d) HRTEM image of TiO2/RGO 
(TG0.5) and e) EDS image of TiO2/RGO (TG0.5) 

 
3.3 .Optical analysis 

The electronic structures of TiO2 and TiO2/RGO composites with different amounts of RGO 
were researched by UV–vis absorption spectra. Figure 4a) shows the UV absorption spectra of bare 
TiO2 and various composites of TiO2/RGO samples, respectively. It was apparent that the samples 
had strong absorption below 400 nm (Fig. 4a), which was ascribed to the intrinsic bandgap absorption 
of TiO2. Namely, electrons excited from valence band (O 2p) to conduction band (Ti 3d) [23]. The 
presence of RGO nanosheets resulted in slightly enhanced absorption in the visible-light range for the 
samples TG0.25 and TG5. A considerable red shift in the absorption edge represents the decreasing of 
optical band gap energy (Eg). The optical Eg was estimated from K-M formula [24-26] and found to 
be 3.09, 2.87, 2.67 and 2.55 eV for TG0, TG0.15, TG0.25, and TG0.5, respectively. 
Photoluminescence (PL) emission spectroscopy reveals the enhanced separation of photoinduced 
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electron-hole pairs by formation of TiO2/RGO heterojunction in all the composite samples. Figure 5 
shows the room temperature PL spectra of all the photocatalyst samples. PL spectra, a higher intensity 
in the wavelength range of 350–600 nm means easier recombination of photoinduced electron-hole 
pairs. Compared with pure anatase TiO2, the recombination of photo-induced electron-hole pairs is 
restrained, as revealed by a weaker intensity in PL spectrum for TiO2/RGO (Fig. 5).  

 
Figure 4 a) UV absorption spectra and b) corresponding band gap plot of all the photocatalyst 

samples 
 Particularly, TG0.5 photocatalyst has a more obvious decrease in the intensity of PL spectrum 

when compared with the other photocatalyst samples. The results indicate that the additional 
TiO2/RGO surface heterojunction in TG0.5 plays a critical role in enhancing the separation of photo-
induced electron-hole pairs, facilitating the surface reaction kinetics during photocatalytic generation 
of H2. 
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Figure 5. Room temperature photoluminescence spectrum of all the catalyst samples 
 

3.4. Porous and surface area analysis 
The nitrogen adsorption–desorption isotherms and the corresponding pore size distribution 

curves of TiO2 and TG0.5 photocatalyst samples are shown in Figure 6 (a & b). As it has been reported 
in the previous works [27-29], all samples have the isotherms of type IV with a typical H3 hysteresis 
loop, suggesting the slit-like mesoporous character of the samples. The BET surface area of TiO2 and 
TG0.5 are 45.3 m2/g and 98.4 m2/g respectively. Similarly, the TG0.5 photocatalyst has a high porous 
value (17.8 nm) than compared with pure TiO2 (12.1 nm). The TH0.5 photocatalyst exhibits a higher 
surface area than others, which is beneficial for the adsorption and migration of reactant and product 
molecules. 

 
 

Figure 6. a) N2 adsorption desorption and b) pore size distribution of pure TiO2 and TG0.5 
photocatalyst samples 

 
3.5. H2 evaluation analysis 

Photocatalytic H2 production efficiency of all the catalyst samples were tested under solar light 
and the appropriate graph is shown in Figure 7. It can be observed that the H2 generation rate of pure 
TiO2 is 345 μmol h-1g-1and apparent quantum efficiency is = 1.6%. When loaded by RGO, the H2 
generation performance of TiO2/RGO significantly increased than compared with pure TiO2. In 
particular, when the amount of RGO is 0.5wt.%, the H2 generation efficiency of TG0.5 photocatalyst 
reaches the highest value of 1567 and AQY = 4.2%. From these results it can be concluded that the 
TiO2/RGO exhibits and enhance performance than bare TiO2, since it is evident their photocatalytic 
rate AQY efficiency. The improved photocatalytic mechanism of TiO2/RGO is schematically 
expressed in Figure 8. This improvement is related to the RGO electrical properties as electron 
collector and to its great charge mobility, a feature that is attributed to its two dimensional structure 
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[30]. In in addition to this un paired π electrons of RGO make the surface interaction of TiO2 with the 
RGO to extend the TiO2 absorption range. The increase in H2 photocatalytic ability is not only surface 
area enhancement. Otherwise, the  

 
                            Figure 7. H2 evaluation rate of all the photocatalyst samples 
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Figure 8. H2 photocatalytic mechanism of TiO2/RGO photocatalyst samples effect could be 
ascribed the conjugation of the pi bond, which make to extend the absorption of light. So the 

electrons in the TiO2 are transferred to the RGO, thus allowing a reduction in the recombination rate 
of charges. 

 
4. Conclusion 

The effect of RGO on structural, morphological, and photocatalytic properties were 
systematically investigated their XRD, TEM, Raman, UV and PL spectroscopic studies. The anatase 
phase TiO2 and spherical shaped nanoparticles are identified in the XRD and TEM analysis. TiO2 
nanoparticles are further covered surface of RGO sheets in the TiO2/RGO composite samples. The 
band gap energy of TiO2 is considerably reduced and decreasing the recombination of electron – hole 
pairs in the pure TiO2 after adding by RGO. When loaded by RGO, the H2 generation performance of 
TiO2/RGO significantly increased than compared with pure TiO2. In particular, when the amount of 
RGO is 0.5wt.%, the H2 generation efficiency of TG0.5 photocatalyst reaches the highest value of 
1567 and AQY = 4.2%. From these results it can be concluded that the TiO2/RGO exhibits and enhance 
performance than bare TiO2, since it is evident their photocatalytic rate AQY efficiency. 
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ABSTRACT 

The present study was carried out to synthesis copper oxide nanoparticles (CuONPs) 

phytochemically by Soxhelet extraction of eco-friendly green route method using leaf extract of 

Euphorbia cyathophora. The medicinal plant leaf extract had the capability of reducing Cupric 

Oxides (CuO) into bioreduced nanoparticles. The synthesised particles were highly stable, 

spherical and particle size was in the ranges from 40 to 55 nm. The biosynthesized CuONPs 

indicates the significant antioxidant activity. The synthesised nano particles were characterised 

by UV-Vis spectroscopy, SEM and FTIR. The characteristic absorption peak of CuONPs was 

ranges from 264 to 750 nm in UV–Vis spectrum. Scanning electron microscopy (SEM) studies 

of CuONPs revealed the morphological characteristics of spherical shape. Further, Fourier 

Transform infrared spectroscopy (FTIR) was used to determine the nature of associated 

functional groups and structural features of biological extracts with nanoparticles.  

Keywords: Copper oxide nanoparticles, Euphorbia cyathophora, SEM, UV-Vis, FTIR. 

 
INTRODUCTION 

Medicinal plants are of great importance to the health of individuals and communities in 

general. The most important of these bioactive constituents of plants are alkaloids, tannins, 

flavonoids and phenolic compounds. The medicinal plants are useful for healing as well as for 

curing of human diseases because of the presence of phytochemical constituents (Nostro et al., 

2000). The phytochemicals are very important in medicine and constitute most of the valuable 

drugs. They have a physiological effect on animals and human health around the world (Edeoga et 

al., 2001). Antioxidants are inhibitors of oxidation are compounds which retard or prevent the 
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oxidation and in general prolong the life of the oxidizable matter (Kokate and Purohit, 2004). 

Nano size materials exhibit unique electronic, magnetic, optical, catalytic and medicinal properties 

as compared with the traditional and commercial bulk materials (Mingqing and Junhui, 2011). 

Copper nanoparticles are of great interest due to its easiness of preparation and significant 

promising physical and chemical properties. There are many methods for the synthesis of copper 

nanoparticles (Cu NPs) like precipitation methods. Copper NPS have an antibacterial activity, 

catalytic properties, biocidal properties and use in wound dressings, gas sensors, superconductors, 

solar cells (Honary and Barabadi, 2012). Following that, metal oxide nanoparticles (NPs) are 

important due to their applications in optoelectronics, nanodevices, nanoelectronics, 

nanosensors, information storage, and catalysis (Ahamed et al., 2014). In this research, the 

secondary metabolites of the plant leaf extract of Euphorbia cyathophora were screened and the 

phytochemical method of the synthesis of Copper oxide nanoparticle was carried out. 

Characterisation of the nano particles were done using UV/Vis-spectroscopy, Scanning electron 

microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR). 

MATERIALS AND METHODS 

Collection of Plant Materials 

The fresh plant leaves of Euphorbia cyathophora were collected randomly from the 

Yercaurd, Salem District, Tamil Nadu. Plant materials were washed under running tap water, air 

dried and then homogenized to fine powder and stored in airtight bottles in refrigerator. 

Preparation of Extract 

The Crude plant extract was prepared by the Soxhlet extraction method. About 20gm of 

powdered plant material was uniformly packed into a thimble and extracted with 250ml of different 

high polar solvents like methanol and chloroform separately. The process of extraction has to be 

continued for 24 hours or till the solvent in siphon tube of extractor become colorless. After that the 

extract was taken in a beaker and kept on water bath (30-40ºC) for the solvent condensation. 

Dried extract was kept in refrigerator at 4ºC till future use. 

Phytochemical Screening 

Preliminary phytochemical analysis was carried out for methanol and chloroform 

extracts of Euphorbia cyathophora as per the standard methods described by Brain and Turner 1975 

and Evans 1996. Extracts were dissolved individually in dilute hydrochloric acid and filtered.  

Synthesis of Copper Oxide Nanoparticles 

For the synthesis of copper oxide nanoparticles, heated 1.0 mM CuSO4 solution was added 

to the heated plant extract at 1:1 ratio and stirred with glass rod for 10min and heated in a heating 
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mantle for 45min at 80 ̊C. CuO nanoparticles synthesis is indicated by turning of light brown colour 

to pale green. The change in the colour of the reactants indicates the formation of copper oxide 

nanoparticle. The content was washed in double distilled water thrice by repeated centrifugation at 

5000 rpm 15 min and the sediments was collected and stored for further characterization after 

drying in an oven at 110̊ C over-night. Oven-dried particles were used for characterization 

(Jayalakshmi and Yogamoorthi, 2014).  

CHARACTERIZATION OF COPPER OXIDE NANOPARTICLES: 

Fourier Transform Infrared Spectroscopy (FTIR) 

Measures infrared intensity vs wavelength [3900 – 500 cm-1] of light, it is used to determine 

the nature of associated functional groups and structural features of biological extracts with 

nanoparticles. The calculated spectra clearly reflect the well-known dependence of nanoparticle 

optical properties, viz. the resonance wavelength, the extinction cross-section and the ratio of 

scattering to absorption, on the nanoparticle dimensions. 

SEM Analysis 

Mainly used for morphological studies of nanoparticles, their image reveals the shape and size 

distribution of colloidal particles in the range (Ipsa Subhankari and Nayak 2013). SEM image 

shows that the synthesized nanoparticles were more or less uniform in size and shape. 

UV- Vis Spectroscopic analysis 

The optical property of copper oxide nanoparticles was determined by UV-Vis 

spectrophotometer (Perklin- Elmer, Lamda 35, Germany). After the addition of synthesized 

extract, the spectra’s were taken at different time intervals upto 24 Hrs. between 700 nm to 750 

nm. 

RESULTS AND DISCUSSION  

Plant Profile 
 

 
Euphorbia cyathophora is an herbaceous to shrubby annual plant, erect to ascending, 

grows up to 1.50 m high, glabrous or loosely hairy, with multicellular hairs. The stem is hollow, 

cylindrical, with ribbed older, hollow, glabrous or sparsely pubescent, more or less yellow, 

containing white latex. It bears leaves along its entire length or only at the apex in older plants. The 

leaves are simple, stalked, the lower leaves alternate, while the upper leaves are opposite. The 

blade shape is variable. The terminal leaves are fully red or white colored. Flowers are small and 

greenish-yellow, they are contained in the small cups bearing on the edge, a small gland flattened 

bi-lobed. The fruit is globose to three quarters out of the cup. 
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YIELD OBTAINED 

Yields from the plant Euphorbia cyathophora were obtained from the solvents 

methanol and chloroform. The yield from methanol was 15.37% and is more than twice higher 

than chloroform extract. 

 

                           Figure 1. Yield Obtained in Euphorbia cyathophora 

PHYTOCHEMICAL ANALYSIS 

The qualitative phytochemical analysis of Methanol and chloroform extracts of Euphorbia 

cyathophora was done by following the standard procedures. 

Table 1. Qualitative phytochemical analysis of Euphorbia cyathophora 

Phytochemicals Observations 
Extracts 

Methanol Chloroform 

Alkaloids  
Mayer’s test  
Wagner’s test 

Cream color Reddish  
brown solution/ precipitate 

Positive Negative 

Flavonoids  
Lead acetate test H2SO4 test 

Yellow orange, Reddish brown / Orange  
color precipitate 

Negative Negative 

Steroids  
Liebermann- Burchard test 

Violet to blue or Green color  
formation 

Positive Positive 

Terpenoids 
Salkowski test Reddish brown precipitate 

Negative Negative 

Arthroquinone 
Borntrager’s test Pink color 

Negative Negative 

Phenols  
Ferric chloride test 
Lead acetate test 

Deep blue to Black color formation 
White precipitate 

Positive Negative 
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Saponin Stable persistant Negative Negative 

Tannin Brownish green / Blue black Negative Negative 
Carbohydrates Yellow / brownish / blue / green color Positive Positive 
Oils & Resins Filter paper method Negative Positive 

 

 

 
 
 
 
 
 
 
 
 
 

 
Figure 2. Qualitative phytochemical analysis of Euphorbia cyathophora in methanol extract 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Qualitative phytochemical analysis of Euphorbia cyathophora in chloroform extract 
 

The phytochemical constituents showed higher activity in methanol extract. Alkaloids, 

steroids and phenols were present in methanol extract. Carbohydrates were present in both the 

extracts. Steroids, oils and resins were present in the chloroform extract of Euphorbia cyathophora. 

Antioxidant Activity of Euphorbia cyathophora 

The antioxidant activity of methanol extract of Euphorbia cyathophora was studied 

using the reducing power assay. The reducing power of the extract increased with an increase in the 

concentration. The results showed that the plant Euphorbia cyathophora has potent antioxidant 

activity. 
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Figure 4. Reducing Power Assay of Euphorbia cyathopora 

FTIR analysis 

It measures the infrared intensity vs wavelength [3900 – 500 cm-1] of light and used to 

determine the nature of associated functional groups and structural features of biological extracts 

with nanoparticles. The calculated spectra clearly reflect the well-known dependence of 

nanoparticle optical properties, viz. the resonance wavelength, the extinction cross-section, and the 

ratio of scattering to absorption, on the nanoparticle dimensions. FTIR spectra of biosynthesized 

copper nanoparticles were recorded to identify the capping and efficient stabilization of metal 

nanoparticles by biomolecules present in Euphorbia cyathophora extract. FTIR measurement was 

carried out to identify possible biomolecules of Euphorbia cyathophora extract responsible for the 

formation and stabilization of nanoparticles. 

Table 2. FTIR Analysis, interpretation of Euphorbia cyathophora 

S. No Infrared Absorption Bands Wave number in cm-1) Infrared band Assignment 
1 2723.08 CH- stretching 
2 1396.05 Methoxy group 
3 1099.61 Aliphatic amine 
4 587.06 Aliphatic CH-Bending 

 

 

 

 

 

 

 

 

Figure 5. FTIR analysis of Copper Oxide Nanoparticles 
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UV- Vis Spectroscopic analysis 

 The UV analysis of synthesized methanol extracts of Euphorbia cyathophora was done in 

that the maximum absorbance was 0.234 at 750 nm. 

 

 

 

 

 

 

 

 

 

Figure 6. UV- Vis Spectroscopic analysis of Copper Oxide Nanoparticles 

SEM analysis 

Morphology of synthesized copper nanoparticles was characterized by SEM analysis. SEM 

image showed that the synthesized copper oxide nanoparticles of Euphorbia cyathophora are relatively 

spherical shaped particles. The SEM analysis is employed to characterize the size, shape, 

morphology and distribution of synthesized silver nano particles (Ashok Kumar, 2012; 

Ramamurthy et al.,2013). 

 

 

 

 

 

 

 

 

 

Figure 7. SEM analysis of Copper Oxide Nanoparticles   
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CONCLUSION 

In the present work, copper oxide nanoparticles have been synthesized with the simple green 

synthesis method by using a methanol extract of Euphorbia cyathophora. The plant extract was 

analyzed to determine the phytochemical constituents. It was found that plant Euphorbia 

cyathophora has significant antioxidant activity and therefore the plant may have a substantial 

disease curing ability. The synthesized copper oxide nanoparticles were characterized by FT-IR, UV-

Vis spectroscopic and SEM techniques. The particles were found to be spherical. The experimental 

results showed that the particle size of copper nanoparticles was appreciable. Thus, it can be concluded 

that Euphorbia cyathophora can be recommended for  further pharmacological research.  
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Abstract – Cloud Computing is a model that gives the access 
throughout the world to shared pools of customizable resources 
over the Internet. That is, it can execute several applications at 
the same time on more than one system. It allows user to get 
unlimited storage capacity for storing information. With the 
advantages of High Scalability, Flexibility, Disaster Recovery, 
Cost Efficient, etc.. Even though lot of advantages, it can have 
some security issues in  development of Cloud. The Cloud Models 
are used as Private Cloud, Community Cloud, Public Cloud & 
Hybrid Cloud. Its also provide some services, they are, Software-
as-a-Service (SaaS), Platform-as-a-Service (PaaS), & 
Infrastructure-as-a-Service (IaaS). This paper is aimed at 
Covering Basics of Cloud Computing, Cloud Delivery Models, 
Comparing Cloud Delivery Model, Deployment of Cloud Models, 
Security Issues and Solution. 
 
Keywords- Cloud Computing; Software-as-a-Service (SaaS), 
Platfoem-as-a-Service (PaaS), Infrastructure-as-a-Service (IaaS), 
Security Issues, Solution. 
 

I. INTRODUCTION 

Cloud Computing is the usage of Hardware and Software to 
provide a service through the Internet. The Cloud Computing 
users can access the large number of files and applications 
from one device to another device along with Internet. The 
symbol of a Cloud is now used to specifically represent the 
boundary of Cloud environment.  

 
 

 
 

  
Fig.1. Symbol of Cloud 

 
Cloud Computing provide many services, it includes Servers, 
Storage, Databases, Software, Network, Analytics and 
Intelligence over the Internet.  This Cloud Model is made of 
three Delivery Models and four Deployment Models. 
 

II. CLOUD DELIVERY MODELS 

A Cloud delivery model specifies the capabilities offered to 
the Users and the Applications supported in Cloud Computing. 
Three Common Cloud delivery Models are available. 
 

 Infrastructure-as-a-Service(IaaS) 

 Platform-as-a-Service(PaaS) 

 Software-as-a-Service(SaaS) 

A. Infrastructure-as-a-Service(IaaS) 

Infrastructure-as-a-Service (IaaS) is a form of Cloud 
Computing, which can provide virtual Computing 
Resources such as Servers, Storage, Hardware, 
Connectivity,  Networking, Operating System, and other 
“raw” IT resources, through the Internet.  Some 
organizations use their own platforms and applications 
with in their Service Provider’s infrastructure. It is mainly 
used to provide Cloud consumers with a High level of 
Control and responsibility. 

 

           Fig. 2. IaaS Delivery Model 
 

B. Platform-as-a-Service(PaaS) 

The Platform-as-a-Service (PaaS) delivery model 
provides us computing platforms which typically 
includes the Programming Language execution 
environment, Database, Web Server, Operating System 
etc.. The Paas model is offering in which a service 
provider delivers a platform to clients, enabling them to 
develop, run, and manage  their business application, 
instead of develop any new application and maintain 
that infrastructure. 

 

            Fig. 3. PaaS Delivery Model 
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C. Software-as-a-Service(PaaS) 

The Software-as-a-Service (SaaS) is one of the software that is 
deployed through the Internet rather than installed on our 
computer. It eliminates the spending large amount of money 
for Hardware Installations and maintenance. The SasS model 
is highly used as E-Mail services, cloud-based file 
management services, etc. 
 

 
     Fig. 4. SaaS Delivery Model 

 
 

III. COMPARING CLOUD DELIVERY MODELS 

 
We can compare these Cloud delivery models based on  Data, 
Applications, Runtime, Middleware, Operating System, 
Virtualization, Servers, Storage and Networking. 
 

 IaaS:  In this model, we can manage Data, 
Applications, Runtime, Middleware and Operating 
System. And Virtualization, Servers, Storage & 
Networking can manage by Providers. 

 PaaS: In PaaS model, Data & Applications only 
managed by users, remaining are managed by 
Providers. 

 SaaS: In SaaS model, everything is managed by 
providers only.   

 
IV. CLOUD DEPLOYMENT MODELS 

 

There are four types of Cloud Deployment Models available, 
they are, 
 

 Public Cloud 

 Private Cloud 

 Community Cloud 

 Hybrid Cloud 

 
A. Public Cloud 

The Public Cloud has a huge amount of virtual resources, 
which may include Storage capabilities, Applications or 
Virtual machines; user can access these over the Internet. The 
main advantage of this Public cloud is Cyber Security. 

 

      
Fig. 5. Public Cloud 

 

B. Private Cloud 

 Private Cloud has own Servers and infrastructure that has our 
data and applications, which is not shared by any other 
organization. In this type of cloud, the same organization is 
technically both the Cloud Consumer and Cloud Provider. The 
Private Cloud environment are flexibility, guaranteed resource 
availability, Security, Cost efficiently, etc..  

 

Fig. 6. Private Cloud 
 

C. Community Cloud 

Multiple organizations can share the same infrastructure for 
the common purpose is called Community Cloud. It is 
governed, managed, and secured commonly by all the multiple 
organizations. 

 

 

Fig. 7. Community Cloud 
 

D. Hybrid Cloud 

A combination of Public Cloud and Private Cloud is called as 
Hybrid Cloud. The benefits of this Cloud is, Control, Speed, 
Security, Cost efficiently and Scalability. 
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Fig. 8. Hybrid Cloud 

 
 

V. CLOUD SECURITY ISSUES 

In Cloud Computing, there are different types of Cloud 
security threats available. They are, 
 

 Traffic Eavesdropping 

 Denial of Service 

 Insufficient Authorization 

 Virtualization Attack 

 Container Attack 

 Overlapping Trust Boundaries 

A. Traffic Eavesdropping 

Eavesdropping is also called sniffing or snooping attack, 
which is attacker can theft information when it is transmitted 
over a network from computer, smartphone, or any other 
connected device. 

B. Denial of Service 

Denial of Service attack is also called Cyber Attack, which 
occurs when large amount of systems flood the resources of a 
targeted system, usually one or more webservers. 

C. Insufficient Authorization 

Insufficient Authorization attack occurs when the website 
permit the sensible content that should require many control 
restrictions. 

D. Virtualization Attack 

The attacker can attack the control of virtual machine is called 
virtualization attack. 

E. Container Attack 

Container attack is attack everything in container, which 
include the infrastructure, software supply chain, runtime and 
everything between them. 

F. Overlapping Trust Boundaries 

The attacker can exploit the cloud-based IT resources, which 
is shared by multiple cloud consumers is called Overlapping 
Trust Boundaries. 
 

VI. SOLUTION 

We can use encryption technique with Unique Identification 
Number (e.g. Aadhar Card Number) of Users, before upload 
our data to the cloud, and backup all details on our local 
system for further use. 
 

CONCLUSION 
Cloud computing is widely used by all. This paper is analyzed 
the full view of Cloud, Cloud Delivery Models & Comparison 
of all Models with diagrams. Types of Cloud deployment 
model are discussed. And finally, Security issues in the cloud 
computing are discussed 
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Work-Life Balance Among Migrant Employees In 
Chennai City 

 
Dr.G.Prabu, K.Kalaiarasi 

 
Abstract : Work life balance is the interaction between work and other activities that includes family, community, leisure and personal development. 
Work life balance of the employees helps in dipping the stress stage at work. Companies have realised the importance of the work life balance with 
respect to the productivity and the creativity of the employees. A lot of migrant employee faces the problem of balancing work and family life. Many 
multinational companies remain open for 24hrs. Employees need to work in shifts. Day shift and night shift. Night shift employees feel hard to come up 
with family life and health. After go through International and National reviews Migrant employee usually do not have an intention to stay permanently but 
they stay the reason for Uneven development is the main reason of migrants along with factors like poverty, landholding system, fragmentations of land, 
lack of employment opportunities, main objective of the study is to identify the factors that impact the migrant employees work life balance and to 
analyze the quality of work life among migrant employees. Descriptive method is to be adopted for this study; well-structured questionnaire is framed for 
collecting samples from the respondent. Migrant employee refers to a person who is engaged or has been engaged in a remunerated activity in a state 
of which he or she is not a national they work out site of their home town they may be called expatriates or guest workers, Working on a job for a 
company and making a career can be an extremely time consuming duty for any employee. 

 
Keywords: Migrant Employee, Work life balance, Job Satisfaction, Work environment. 

———————————————————— 

 
INTRODUCTION 
 Work life balance is the interaction between work and other 
activities that includes family, community, leisure and 
personal development. It is about the right or balanced 
combination of the individual‘s participation in the work and 
other aspects of their life and this combination does not 
remain the same it can be changed over the time. Where the 
tensions between the work life and personal life is minimised 
by having a proper policies, systems, supportive management 
and provisions at work place and a good relations in personal 
life. Performance and the job satisfaction of the employees 
are said to be affected by the work life balance. The use of 
smart phones, email, video-chat, and other technical 
innovations has made it probable to work without having a 
typical "7 to 5 work day".  The term ‗Work-Life Balance' is new 
in source, as it was first used in UK and US in the late 1970s 
and 1980s, respectively. More freshly, the term has drawn on 
some perplexity; this is in part due to recent technological 
changes and advances that have made work and work 
objectives possible to be completed on a 24-hour cycle. The 
use of smart phones, email, video-chat, and other technical 
innovations has made it probable to work without having a 
typical "7 to 5 work day". According to 2010 National Health 
Interview Survey Occupational Health Supplement data, 16% 
of the U.S. workers reported difficulty balancing work and 
family. The findings were more prevalent among worker aged 
30-44. Work life balance of the employees helps in dipping 
the stress stage at work. Companies have realised the 
importance of the work life balance with respect to the 
productivity and the creativity of the employees. 
 
 
 
 
 
 
 
 
 
 
 
 

Employers offer different programs such as flexible hours, 
shifts, team outing, day care centres, health care centres, etc. 
to motivate the employees to work efficiently. Employees feel 
motivated and become loyal and committed towards the 
organisation as it puts an extra effort to provide a healthy 
balance between work and life. Organisations face many 
challenges in implementing the policies on Work life balance 
as employees today are not just look out for a job but they 
also want the organisation to take of their wellbeing.  
Therefore organisations are adopting for new policies where 
employees can give time to enjoy and spend time with their 
family. The present research paper aims to study the work life 
balance of migrant employees in Chennai city. 
Migrant employee refers to a person who is engaged or has 
been engaged in a remunerated activity in a state of which he 
or she is not a national they work out site of their home town 
they may be called expatriates or guest workers, especially 
when they have been sent for or invited to work in the host 
town before leaving the home country. Quality of work life is a 
philosophy, a set of principles that holds migrant employees 
are the most important resource in the organization as they 
are trust worthy, responsible and capable in making valuable 
contribution and they should be treated with respect and 
dignity. Quality of work life influences the productivity of the 
migrant. It is said that migrant employees perform better when 
they are allowed to participate in managing.  
 
Importance of work-life balance  
Working on a job for a company and making a career can be 
an extremely time consuming duty for any employee. 
Employees are busy at their offices throughout the day and 
sometimes even on weekends. This gives them very little time 
to interact with their family. Because of high pressure of work, 
often-family members get neglected. In addition, stressful jobs 
cause the health of employees to deteriorate. Work life 
balance concept allows an employee to maintain a fine 
balance in the time he or she gives to work as well as to 
personal matters. By have a good balance; people can have 
an excellence of work life. This helps to increase productivity 
at workplace, as the employee is relaxed about his personal 
commitments. It also allows the employee to give class time 
with family to pay out vacations, leisure time, work on his/her 
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health etc. Hence, work life balance is extremely important for 
employees and increases their motivation to work for the 
company. 
 
Migrant Employee’s Work life balance in 
today’s world 
A lot of migrant employee faces the problem of balancing 
work and family life. Many multinational companies remain 
open for 24hrs. Employees need to work in shifts. Day shift 
and night shift. Night shift employees feel hard to come up 
with family life and health. There are insufficient negative side 
things of allowing an employee to work from home or practice 
flexi timings. 

1. A productive employee turns unproductive.  
2. Takes work for granted.  
3. Does not completes work on time. 
4. Gives more pressure to individual life and personal 
demands. 

 
Statement of problem 
Migrant employee usually do not have an intention to stay 
permanently but they stay the reason for Uneven 
development is the main reason of migrants along with factors 
like poverty, landholding system, fragmentations of land, lack 
of employment opportunities, large family-size and Workplace 
culture is the organizational environment with which working 
roles are frolicked out and work place norms are created. The 
organization can determine whether work-life balance and 
maternity/ childcare policies are adopted by the organization 
for our purpose of study how to analyses work life balance 
among migrant employees. 
 
Scope of study  
The scope of the work life balance among migrant 
employees, which covers the various Aspects of employee 
work-life balance and communication, quality of life, 
relationship with others, future orientation. The study would 
be helps to identify the factors like job satisfaction, work life 
balance among migrant employees. 
 
Objective of study 

1. To identify the factors that affects the migrant 
employees work life balance. 

      2.   To analyze the quality of work life among migrant 
employees 

2. To determine the relationship between employee‘s 
job and its impact on employee‘s personal life. 

 
Methodology 
The study is descriptive method is to be adopted in this study. 
The study first and leading depends on primary and 
secondary data.   
 
Study Area 
Survey is conducted in Chennai city, which is the capital of 
Tamil Nadu. Chennai is one of the leading job providers 
across all sectors. It is mainly based on the software, 
automobile, hardware, manufacturing, financial services and 
healthcare industries. It has diversified economic base anchor 
by the automobile industry, software companies, health care 
tourism, hardware, and financial services. Other significant 
industry includes petrochemicals, textiles and apparel. 

 
Sampling Size and Design   
The primary data has been collected through survey method 
using questionnaire. Survey is conducted using a wells 
structured questionnaire. Stratified Random Sampling is 
practiced for generate data. Chennai City is divided into four 
regions, namely South, North, East and West.  
From all zone one accepted. Questionnaires were circulated 
to the 130 respondents across all zones.  
Review of literature 

Mohammad nail (2008) in his research titled ―Work 
life balance practices and gender gap in job satisfaction‖ 
examines the role of the work life balance practices by 
explaining the paradox of the contented women worker‖. In 
his research, he finds out that woman reports higher levels of 
job satisfaction than that of men. The main finding is that WLB 
is the important determinant of the intrinsic extrinsic, aspects 
of job satisfaction. 
            Peter (2009) in his study on ―Work life balance and 
subjective wellbeing‖ explains about the work life balance and 
the wellbeing of the employees. In this research, the 
hypothesis that was tested is the sufficient amount of time 
available increases the wellbeing of the employees as it helps 
in satisfying personal needs. The finding in this research was 
that the perceived sufficiency of time available for personal 
life and works tells the level of wellbeing only if the individual‘s 
needs are fulfilled in the given time. Rebecca (2009) quotes in 
―Work life balance- Men and Women‖ that women and men 
have a different perception generally on balance the work and 
life. She tells that women devote more time on her family and 
the men spend more time pursuing his personal interests. 
She also quotes that balance is about not only dividing the 
time spent on work and personal life, but also establishing 
harmony that reflects on the individuals priorities. R Boral and 
S Bhargava (2011) in their research titled ―HR interventions 
for Work life balance‖ quotes that work life balance is the 
concern for both research scholars and the business leaders 
in the view of technological, demographic and organisational 
changes related to it. They have explained about the 
challenges that the HR managers face while effectively 
implementing the policy in their organisation. They suggest 
that the organisations must implement Work life balance 
policies and incorporate the organisational culture that 
ensures employee commitment and productivity.   Sarah 
Holly and Aldine Mohsen (2012) in their study titled ―Impact of 
working hours on Work Life balance‖ their main objective was 
to examine the influence of the working hours of the 
employees on their satisfaction on the job. They explain that 
the overall number of the employees wants to reduce their 
working hours is influenced mainly by the overtime 
compensation. Their study result shows that generally, the 
long working hours do not lead to the dissatisfaction among 
the employees, but long working hours have a positive effect 
on the employee‘s life and job satisfaction and the desire to 
reduce the long working hours have a negative impact on the 
job satisfaction of the employees.  
 
Data Analysis and interpretation   
Age of the Respondents  

S. no Age Frequency Percentage Cumulative 
Percentage 
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1 Less than 
20 years 9 6.9 6.9 

2 21-25 64 49.2 56.2 

3 26-30 32 24.6 80.8 

4 31-35 10 7.7 88.5 

5 More than 
35 15 11.5 100 

Total 130 100  

Source: primary data  
 
It is observed from the above table that age of employee in 
maximum percentage 49.2% they are 21-25 and 24.6% of 
employees in 26-30 and 11.5 % employees in more than 35 
years and7.7percentage of employee in31-35 and 6.9 % of 
employees in less than 20 years. 
 
Education Qualification of the Respondents 

Educational 
Qualification Frequency Percentage Cumulative 

Percentage 

Upton SSLC 17 13.1 13.1 

HSC 13 10 23.1 

Degree 70 53.8 76.9 

Post Graduate 23 17.7 94.6 

Others 7 5.4 100 

Total 130 100  

Source: primary data 
              
 It is observed from the above table that Education and 
qualification of employees in maximum percentage 53.8% 
they are completed the degree and 17.7% of employees in 
postgraduate and 13.1 % employees in up to 
sslcand10percentage of employees in HSC and 5.4 %in 
others. 
 
Migrant Employees states of Respondent 

Area Frequency Percent Cumulative 
Percent 

North 17 13.1 13.1 

South 103 79.2 92.3 

Central 6 4.6 96.9 

Western 4 3.1 100 

Total 130 100  

Source: primary data 
 
It is observed from the above table that state of employees in 
maximum percentage 79.2% they are from the south and 
13.1% of employees from in north and 4.6 % employees from 
in central and 3.1% of employees from in western. 
 
 
 
 
 
 
 
 
Cross Tab Analysis 

 
Age of the Respondent * opportunity to return the same job after 

maternity or paternity leave  

Cross tabulation 

 

opportunity to return the same job after maternity 
or paternity leave 

Total 
Strongly 
agree Agree Indifferent Disagree Strongly 

disagree 

Age  

Less 
than 
20 

years 

0 3 0 3 3 9 

21-25 6 20 7 15 16 64 

26-30 5 12 4 7 4 32 

31-35 3 4 0 1 2 10 

More 
than 
35 

5 7 1 0 2 15 

Total 19 46 12 26 27 130 

Source: primary data 
 
It is observed from the above table it is found that  21-25 age 
of 6 employees , 26-30 age of 5 employees and 32-35 age of 
3 employees and more than 35 age of 5 employees in 
category of strongly agree and it is followed by less than 20 
age of 3 employees and 21-25 age of 20 employees and 26-
30 age of 12 employees and 30-35 age of 4 employees and 
more than 35 age of 7 employees in category of agree and 
21-25 age of 7 employees and 26-30 age of 4 employees and 
more than 35 age of 1employees in category of indifferent 
and less than 20 age of 3 employees and 21-25 age of 15 
employees and 26-30 age of 7 employees and 30-35 age of 1 
employee in category of disagree and less than 20 age of 9 
employees and 21-25 age of 69 employees and 26-30 age of 
32 employees and 31-35 age of 10 employees and more than 
35 age of 15 employees in category of strongly disagree. 
Chi-Square Analysis 
Hypothesis test:  
       HO: Null hypothesis 

    There is no significant difference between marital 
status of employee and company provides medical facility and 
other benefit. 

H1: Alternative hypothesis 
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    There is significant difference between marital status 
of employee and company provide medical facility and other 
benefit. 
 
Crosstab Analysis 
There is significant difference between marital status of 
employee and company provide medical facility and other 
benefit. From the above table it is found that 15 of married 
and 12 of unmarried in category of strongly agree and it is 
followed by 34 of married and 46 of unmarried in category of 
agree and 7 of unmarried in category of indifferent and 3 of 
married and 11 of unmarried in category of disagree and 2 of 
unmarried in category of strongly disagree. The nature of 
association is clearly presented in the following (chi square) 
table. 
 

Chi-Square Tests 

 Value Df Asymp. Sig. (2-sided) 

Pearson Chi-Square 10.942a 4 .027 

Likelihood Ratio 14.242 4 .007 

Linear-by-Linear 
Association 8.276 1 .004 

N of Valid Cases 130   

4 cells (40.0%) have expected count less than 5. The 
minimum expected count is .80.  
 
From the above chi-square analysis, the table value of 5% is 
3.94 and calculated value of chi-square analysis is 0.027, so 
the Null Hypothesis is accepted. Therefore there is No 
Significance difference between attribute of the migrant 
employee he most and selected migrant employees where 
respondents have account.  
Findings 
 It is observed from the above table that age of employee 

in maximum percentage 49.2% they are 21-25 and 24.6% 
of employees in 26-30 and 11.5 % employees in more 
than 35 years and7.7% of employees in 31-35 and 6.9 % 
of employees in less than 20 years 

 It is observed from the above table that Education and 
qualification of employees in maximum percentage 53.8% 
they are completed the degree and 17.7% of employees in 
postgraduate and 13.1 % employees in up to SSLC 
and10.0percentage of employees in hsc and 5.4 %in 
others. 

 It is observed from the above table that state of 
employees in maximum percentage 79.2% they are from 
the south and 13.1% of employees from in north and 4.6 
% employees from in central and 3.1% of employees from 
in western. 

 From the above table it is found that 15 of married and 12 
of unmarried in category of strongly agree and it is 

followed by 34 of married and 46 of unmarried in category 
of agree and 7 of unmarried in category of indifferent and 
3 of married and 11 of unmarried in category of disagree 
and 2 of unmarried in category of strongly disagree. The 
nature of association is clearly presented in the following 
(chi square) table. 

 From the above chi-square analysis, the table value of 5% 
is 3.94 and calculated value of chi-square analysis is 
0.027, so the Null Hypothesis is accepted. Therefore there 
is No Significance difference between attribute of the 
migrant employee he most and selected migrant 
employees where respondents have account. 

 Gender of the respondents is male with 73.1% percentage 
and 26.9% of the respondents are female, male have 
more savings account than female. 

 From the above the table that is depressed by work 
maximum percentage of employees in 45.4% 0f 
disagrees, 21.5% of employees in agree, 16.2% of 
employee in strongly disagrees, and 12.3% of employees 
in indifferent 4.6% of employees in strongly agree. 

 It indicates percentage of sufficient time to outing 5.4 % of 
employees in strongly agree, 30% of employees in agree, 
34.6 of employees in indifferent and 18.5 % of employees 
in disagree, and 11.5 of employees in strongly disagree. 

 It denotes percentage of opportunity to return the same 
job after maternity that is percentage of employees in 14.6 
% of strongly  agree and 35.4 % of employees in agree 
and 9.2 % of employees in indifferent and 20 % of 
employees in disagree and 20.8 %  of employees in 
strongly disagree. 

 It denotes about the reward and award for your effective 
work that is strongly agree in 11.5 % of employees and 
agree of employees in 63.8 % and indifferent of employee 
in -0.8 % and disagree of employee in 17.7 % and strongly 
agree of employees in 6.2 %. 

 
Suggestion 

 Quality of work life is important for successful 
functioning of any organization of unorganized 
sector. The migrant employees in unorganized sector 
need to be given the right kind of surrounding as well 
as other facilities in order to ensure that they have a 
good quality work life. 

 Since the migrant employees are unaware of the 
work life policies and awareness program to be 
conducted in order to make the migrant employees to 
know the importance of knowing the current work life 
balance policies. 

 Organization should consider and make available of 
some of the counseling session in the organization 
for migrant employees to share their family burdens.  

 It is necessary to maintain balance between family 
and work, so the family members should be support 
to migrant employees and try to share the 
responsibilities. 
Border Internet time - set better boundaries so that 
technology does not rule your life 
Each weekend makes it a goal to call two friends - 
you won't have any regrets about building up these 
relationships.  
Turn all time in your life into a positive - even 
negative experiences are seen as "What can I learn 
from this?" 
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Living just, expects less and gives more.  
 
CONCLUSION 
The unorganized sector is an important sector in our 
economic growth and the migrant employees play an 
important role in the sector. The study was carried out the 
factor influencing work life balance. Awareness of work life 
and the impact of work in families of these migrant employees 
in Chennai city. It was done with questionnaire. In the study it 
is proved that the various factors influencing work life balance 
it is over all a positive influence. It is also proved that the 
impact of migrant employees is unaware of work life balance 
in their organization. it also proved that the impact of work life 
in family is in a healthy level. 
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Abstract 

 Throughout the past periods numerous studies have remained conducted on the theme of 

time organization and the presentation of employee. Time organization is defined as a plan or 

tool which helps a being manages their time in a abundantcreative manner that is consequence in 

getting additional done in less period. It is known as the technique of establishing and taking 

control over the doings that one performs through their day in a given quantity of time. It is 

rummage-sale to control the time which helps you be more real, efficient and creative and the 

employee presentation is the end consequence of the skills he/she uses to do a given task. The 

main aim of this education is to find the time organization‟s effect on the workerpresentation. 

Also this study aims to find out the output of the employee and pardon it is achieved by. the 

examination was  shown on the employee  it was  done through tendering out the questionnaires 

to middle time management of the company questionnaires were  given to 150 supervisors of out 

which 100 agreed on offering the questionnaires were based on four independent 

variables(employee perception structural culture the time management training and planning ) 

and two dependent variables (productivity and achievement of goals )both dependent and 

independent variables were verified against each other to find the association between them the 

results have  shown  that there is optimistic connection between the time organization and 

presentation of the employee. 

Keywords: Effectiveness of time organization among employee, 
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Introduction 

  “occasion organization control” is the process of establish plus training how to 

gulf your time flank by specific behavior. Good Time organization manage enable you to work 

keener not harder so that you get additional done in less occasion, even when period is tight and 

pressures are tall. Failing to managing the timecompensations your efficiency and causes stress. 

  occasion group run is the process of foundation and labor out conscious manage 

of time spent on exact doings, chiefly to add to effectiveness, efficiency, and productivity. It 

involves a manipulating act of various stress upon a person connecting to work, social 

life, family, hobbies, personal welfares and promise with the finiteness of time. Using time 

professionally gives the being "choice" on expenditure/handling activities at their own period 

and expediency. Time group control may be aided by a range of services, gears, and methods 

used to manage time when implementationexact tasks, projects, and goals submitting with a due 

date. Originally, Time group control referred to just profitable or work activities, but lastly the 

term widened to comprisedistinctdoings as well.  

  A Time organization control system be a designed mixture of procedures, tools, 

techniques, and methods. Time association control is typically a need in any project 

development as it determines the project conclusion time and option. It is also significant to 

understand that both practical and structural changes in Time organization control exist due to 

differences in cultural ideas of time. 

  When it receipts you a long time to make a decision, or you must to alteration 

your mind afterward you‟ve total one, this is a symbol that you are irresolute. Being unable to 

make up your brain can cause you to run into a figure of problems. If you want to be winning 

with Time organization control, you must learn how to fast make a choice and stick with the 

decision you make. How do you do this? usually, when you are obtainable with a choice, it will 

come in the form of two or more choices. You must decide which option you will select. The 

choice that you pick can lead to your achievement or failure. The best way to rapidlybrandthe 

best choice is to look at the pros plus frauds of each option. Script them down on a panel can be 

obliging. 
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  Once you write down the choice, write down the pros and frauds of each, and 

compare the quantity of pros and cons with each choice. Pick the choice that has the the majority 

pros with the least cons. This is a fast and modest way to make decentchoices. The following 

skill you will want to look at is goalmouth setting. It determination be next to unbearable for you 

to achieve your time if you don‟t have goalmouths. You should have a list of belongings that you 

need to get done all day. Your "goal" must be to get those belongings done. Whatever that gets in 

the way of you attaining your goal will waste your occasion and halt you from being fruitful. 

  Everybody who works for you must know what they need to do. Once you are not 

able to quickly representative tasks to your staffs, you are deteriorating as a commercial owner. 

The next thing you will need to stress on is ordering tasks. Once you write down a list of 

belongings you need to do each day, rate them by levels of rank. This is called ordering. 

Prioritizing is important since it allow you to put your vigor into the most significant tasks. If 

you have an unforeseen situation, you don‟t want to be wedged doing belongings that are not 

important. Insertion a priority on tasks founded on their grade will allow you to effort at a high 

level of competence. 

  “Time group control” refers to the method that you establish and plan how long 

you devote on specific doings.It might seem counter-intuitive to dedicate valuable time to 

learning about Time organization control, instead of by it to get on by means of your work, but 

the benefits are huge: 

• Greater output and capability. 

• A better expert standing. 

• Less pressure 

• Increased chances for advancement. 

• Greater chances to achieve important life and career goals. 
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Review of literature: 

Britton &Tesser,(2001).There is a colossal difference amid secondary and advanced 

education when it comes to handling time and academic responsibilities. In subordinate 

education, there was the kind of learning that includes an explanation of all. On the additional 

hand, at what time scholars enter college, they discover out that what they study is a talk, that 

only comprises surface info and the rest is their job to know concerning and traveladditional 

Laurie &Hellsten,(2002).Time organization control is aability that every scholar should 

not only distinguish, but also smear. A lot of university scholars complain about running out of 

period when asked to do a sure task, they get frustrated since they are not able to make it before 

the limit. Time organization control is very important, particularly when it originates to college 

students because it will boost their marks and enhance their output 

Kelly,(2004).Though, most of the time scholars face glitches like task dislike and doubt, 

so they start to procrastinate since they lack organizational services. As a result, students will not 

be able to organize responsibilitiesrendering to their urgencies, so they get unfocused easily, 

ending up delaying. As we can see, Time organization control is quite vital to any college 

student, and it is one of the solutions to higher mootattainments. 

Yilmaz, Yoncalik&Bektaş,(2006). In the pertinent literature here are great amount of 

moot studies concentrating on the relation amid Time organization control and moot 

achievements. The connected literature showed that the Time organization control boldness and 

skill levels of college students and the belongings of these skills on their mootattainment. The 

research exposed that a majority scholar possesses reasonable level Time organization control 

skills and only a meaningfully small helping has high level Time organizationswitch skills. 

Mercanlioglu,(2010)The numerous group of scholars who browbeaten time-saving skills 

notably had ironic academic attainment. They accomplished those scholars who do not use time 

saving methods in their instructivenearby having significantly lower moot as compared to results 

scholars who employ time- management tactics have significantly higher attainment. 
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Statement of the Problem  

Time organization has the important impact on the exists of the employees whoachieve 

the time well are more creative, morewell-organized, and more likely to meet limits. They focus 

on the most important and time subtle tasks and limit the quantity of timemissed on non-essential 

duties.  

Objective:  

 To study the efficiency training automatic in the group. 

 To know the boldness towards exercisesoftware design. 

 To find out the level of gratification of staffs after attending in training packages. 

 To find out the excellence of the training introduced in the group. 

Methodology: 

 This project is based on info collected from main sources. An effort has been made to 

present analysis of worker motivation in LumisenseSkillsPvt Ltd in Chennai. The statistics been 

used to cover various aspects of, worker motivation concerningLumisense TechnologiesPvt Ltd  

Area of study 

Survey is lead effectiveness of time organization amongstaffs atlumisenseskillspvtltd  in 

Chennai city which is the wealth of Tamil Nadu. Chennai is one of the foremost job 

breadwinners across all sectors. It is mostly based on the software, automobile, hardware, 

manufacturing, monetary services and healthcare businesses. It has diversify financial base 

anchor by the carmanufacturing,. 

Sampling in design 

 A sample of 100 staffs as defendant‟s they‟re chosen in LumisenseSkillsPvt Ltd in 

Chennai, was contacted in order to collect the main data from them. For the drive of 

currenteducation a connected sample of populace was designated on the foundation of 

„suitablesample. 
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Age of the Respondents 

 

S.N0 Particulars  Frequency Percent Cumulative Percent 

1 up to 30 years 76 69.1 69.1 

2 31-40 years 27 24.5 93.6 

3 41-50 years 6 5.5 99.1 

4 above 60 years 1 .9 100 

Total 110 100  

Source: Primary Data 

Interpretation  

From the above table, it is found that the sample unit comprises the mxaimum of 69.1% 

of the are respondents are in the age up to 30 years, it followed it to be 24.5% of the respondents 

are in the age group of 31-40 years, 5.5% of the respondents are in the age group of41-50 years 

and 0.9% of the respondents are in the age group of above 60 years. 

Do you operate according to a plan or are you mostly reactive 

S.no Particulars Frequency Percentage  
Cumulative 
Percentage  

1. strongly agree 41 37.3 37.3 
2. Agree 39 35.5 72.7 
3. Neutral 9 8.2 80.9 
4. Disagree 18 16.4 97.3 
5. strongly disagree 3 2.7 100.0 
 Total 110 100.0  

Source : primary data 

Interpretation: 

From the above table found the respondents 97.3% respondents are disagree for  operate 

according to a plan,80% respondents are neturalfor  operate according to a plan,72% respondents 

are agreefor  operate according to a plan,37.3% respondents are strongly for  operate according 

to a plan. 

Cross tabulation: 

Source: primary data 
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marital status of the respondents * you try to do most important task during my most 
energetic periods of the day Crosstabulation 

 

you try to do most important task during my most 
energetic periods of the day 

Total 

Strongly 
agree 

Agree Neutral Disagree 
Strongly 
disagree 

marital status of 
the respondents 

Unmarried 28 15 9 6 0 58 

Married 22 18 3 5 3 51 

4 0 0 1 0 0 1 

Total 50 33 13 11 3 110 

Source: primary data  

Interpretation: 

 From the above table found that 28% unmarried and 22% married are strongly agree to 

do most important task during most energetic periods of the day, 15% unmarried and 18% 

married from that agree to do most important task during most energetic periods of the day,9% 

unmarried and 3% married are neutral to do most important task during most energetic periods of 

the day,6% unmarried and 5% married are disagree to do most important task during most 

energetic periods of the day,3% married are strongly disagree to do most important task during 

most energetic periods of the day. 
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Chi – square analysis:   

H0-Null hypothesis: 
 

There is no significance difference between Respondent education and  
 
H1-Alternative hypothesis: 
 

There is significance difference between Respondent education and technology adopted 

Respondent education Vs Technology adopted by the enterprises 

Source: Primary data 

Interpretation 

From the above table, it is found that the sample unit comprises the maximum of 13% of 

the are respondents are from ITI/DIPOLAMA strongly agree  , it followed it to be 13% of the 

respondents are from UG,25% ofrespondents are from PG,7%  of respondents are from 

professional category of strongly agree,6% of respondents are from ITI/diploma agree,18% of  

respondents are fromUG,5% of  respondents are from PG,3% of the respondents are from 

professional,2% of the respondents others the respondents category of agree,3% of respondents 

are from ITI/diploma neutral,2% of the respondents are from UG,5% of respondents are from 

Education of the respondents * effective time management control in respondent organization 

Crosstabulation 

S.No 
Education of the 

Respondents 

do you think you need effective time management 

control in your organization 
Total 

strongly 

agree 
Agree neutral dis agree 

1 
 

ITI/DIPLOMA 13 6 3 3 25 

2 UG 13 18 2 3 36 

3 PG 25 5 5 0 35 

4 Professional 7 3 0 1 11 

5 Others 0 2 1 0 3 

Total 58 34 11 7 110 
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PG,1% of the respondents are from others  respondents category neutral,3% of the respondents 

are from ITI/diploma,3% of the respondents are fromUG,1% of the respondents are from 

professional the are respondents category dis agree. 

 

Chi-Square Tests 

 Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 23.289a 12 .025 

Likelihood Ratio 27.347 12 .007 

Linear-by-Linear Association 1.238 1 .266 

N of Valid Cases 110   

a. 13 cells (65.0%) have expected count less than 5. The minimum expected count is .19. 

Source: primary data  

 

Findings: 

 From the above table, it is found that the sample unit comprises the mxaimum of 69.1% 

of the are respondents are in the age up to 30 years, it followed it to be 24.5% of the 

respondents are in the age group of 31-40 years, 5.5% of the respondents are in the age 

group of41-50 years and 0.9% of the respondents are in the age group of above 60 years  

 From the above table found the respondents 97.3% respondents are disagree for  operate 

according to a plan,80% respondents from are neutral for  operate according to a 

plan,72% respondents are agree for  operate according to a plan,37.3% respondents are 

strongly for  operate according to a plan. 

 From the above table found that 28% unmarried and 22% married are strongly agree to 

do most important task during most energetic periods of the day, 15% unmarried and 

18% married from that agree to do most important task during most energetic periods of 

the day,9% unmarried and 3% married are neutral to do most important task during most 

energetic periods of the day,6% unmarried and 5% married are disagree to do most 

important task during most energetic periods of the day,3% married are strongly disagree 

to do most important task during most energetic periods of the day. 

Journal of Interdisciplinary Cycle Research

Volume XII, Issue III, March/2020

ISSN NO: 0022-1945

Page No:912



 
 
 
 

 From the above table it is inferred that,27.3% of the respondents isworked inHuman 

resources department, 24.0% of the respondents isworked in Production department, 

20.7%of the respondents isworked inmarketingdepartment,16.7% of the respondents 

isworked inMaintenance department and remaining 11.3% of the respondents isworked in 

accountsdepartment. From the above table it is inferred that,35.3% of the respondent are 

Neutral for allotted work in order of priority,25.0% of the respondent areagreed, 19.3% 

of the respondent are Disagree, 10.7% of the respondent areStrongly Agreeand 10.7% of 

the respondent areStrongly Disagree. 

Suggestions: 

 The rank of time management could be highlighted to the worker and they could be 

complete to admit the fact that time might be optimized finished its real usage. 

 Company can motive the staffs for handling their time efficiently. Staffs who achieve 

time correctly have less tension in work. So work development and ordering work can be 

inculcated to staffs. 

 Employees must to be interested to finish their effort within the specified time. 

Inducements and rewords can be founded on presentation of the staffs in with the 

specified time. 

 Company may position time organization training programs that would give them the 

accidental to know their volume in managing period. 

Conclusion: 

       Time organization is one of the most stimulating issues oppositecommercialbosses both now 

and in the upcoming. Investigation in time organization has largely disregards this sector which 

is dangerous to the success of angroup. While much of the stress on time organization has been 

on the improvement of individual competences and the discount of problems related with not 

getting work done, slightthought has been agreed to the factors that affect the take up of time 

organizationperformances.  

       It is supposed that “time and tide waits for nobody”, so our attempts would be to make the 

best use of time and stop others from wasting our time too. This episode winds up altogether our 
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comments on time organization in this Lumisense skills pvt.ltd, Chennai. It précises as to what 

causes us to waste our time and propose solutions to save period as much as likely. It also offers 

ideas to make the finest use of period. 

From the overhead table found the defendants 97.3% respondents are upset for  operate 

according to a plan,80% defendants are neutral for  operate rendering to a plan,72%defendants.  

are agree for  function according to a plan,37.3% defendants are powerfully for   

function rendering to a strategy. 
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Online Shopping Vs Offline Shopping Customer 
Preference In Salem District 

 
Dr.D.Suthamathi, Mr.S.Jeeva 

 
Abstract : The study tries to recognize and progress a conceptual that addresses customer’s value opinion for using the internet shopping versus offline 
shopping. Observations of online and offline buyers or customers can be evaluated to see how value is constructed in both channels. It is either to 
recognize what factors influence online and offline choice progression. The factors affecting online shopping are risk of purchase; delivery product varied 
the buying product, delivery time very delay, quality. The factors affecting direct shopping are the bargaining; time spends for purchasing, less number of 
choice. The study showed that perceptions of price, service quality and threat strongly impact perceived value and purchase intents in the offline and 
online network. Main Objective of the study is to analyze the significant difference between the offline and online customers group in terms of 
demographic, technology use, availability and attitude of the customers. The research is based on primary information’s obtained from the customers of 
online and offline shopping. Overall, customers, however the respondent and purchasing for online and offline shopping.  
 
Keywords: Customer satisfaction, Shopping preference, Customer attitude, Buying Behaviour  

———————————————————— 
 
1. INTRODUCTION  
Shopping is an action in which a customer fined the 
obtainable goods or services. It is the process of purchase 
items in swap for money. Now days there are two medium 
available for shopping. These medium are online and offline 
shopping. Online shopping is one of the most well-liked 
ways to make purchase. It is act of purchase products or 
services over the Internet. An offline shopping is a 
traditional way of trade armed forces or products. It 
depends upon a person which medium they go after for 
shopping. It’s an era of technology so people want to take 
the advantage of that thing and prefer online shopping but 
still there are some persons who don’t trust online sites and 
prefer offline shopping. This document shows the Customer 
awareness towards online and offline shopping and also 
find out those factor which power the shopping medium of 
the consumer whether it is online or offline shopping. 
 
1.1. Online Shopping  
Customers can browse a Goods or services of interest by 
visiting the website of the retailer directly or by searching 
among another option using a shopping search engine. As 
of 2016, customers online shopping usage a range of 
different computer devices, including  laptops, tablet 
computers and smart phones. 
 
Factors Affecting Online Shopping 
Online shopping becomes related in the last decade. The 
type of business online seller are doing is proof sufficient 
that they are given that some benefits to customer which 
offline shopping does not provide to the customer. These 
are the factor distressing online shopping:  
 
Risk: When customer buy products from online shopping 
they do not touch or feel the product in a physical sense 
.Hence we know that lot of risk is involve while trade an 
online product whether it will reach us on correct time or not 
is also a concern and also there may arise a risk of product 
size and color as it may be different in real view or sense. 
Sometimes the product ordered is kind of damaged.  
 
Convenience: Online shopping is much more suitable than 
offline shopping. Instead of taking out your motor vehicle 
and visit shop to shop you can just sit at your house and do 
the shopping. It is suitable to sit at one place and shop the 

product of our choice without moving from place to place. 
Once you have decided on what you want to buy the 
payment procedure is seamless and the order is delivered 
to your place. Online shopping makes things more 
convenient. We can have a lot of option over there in any 
kind of material we want to deal with that too without any 
fear of dealing with any dealer or distributers. Online 
shopping is convenient in its real sense as it do not carry 
any dealing with issue of ask for necessary items or issues 
of asking for desired kind of items which help in avoiding 
the part of coming up, asking, questioning about the 
product.   
 
Pricing strategy: Online retailer gets an inherent 
advantage in pricing as they don’t have to bear expenses 
like store rental fee, bills etc. They can pass their price 
straight to customer and generally offer a lower price to 
buyer than offline market. Even when delivery charge are 
included than also it is better than the offline shopping. 
Therefore, determine the stage of online shopping. Lower 
the price- superior the mood to demand, higher the price –
lower the demand. Price of any product also influences the 
purchasing power of any specific buyer. Consumer usually 
prefers kind or standard price with good quality and do not 
want to pay out or expense lot for any kind of things. So 
buying and selling both are concurrently affected by the 
cost of manufactured goods. 
 
Quality: The quality of product at online site and offline 
stores vary a lot and then this determines the frequency of 
online shopping. Quality also carries good distressing 
nature over any kind of shopping. As customer or buyer 
want to have a good quality of product as they spent their 
huge sum of currency. In general, qualities is a primary 
need over any variety of purchasing as it somewhat safe or 
give a good sense of buying or type of assurance about the 
product chosen.  
 
Online trust: It depends on buyer perception whether they 
trust a particular site and its product and services. 
Therefore the frequency of online shopping also depends 
upon whether they trust a particular site or not. People are 
unusual in their nature and thoughts, some kind of people 
trust online trade some kind of people is in fear of online 
dealing. Trust carries a lot of points example- trust 
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regarding the same product size quantity weight and 
security etc. 
 
Delivery time: The product ordered by the buyer in online 
shopping take a minimum of six to seven days to deliver the 
product to the buyer. But in offline shopping the control of 
the goods is immediately transfer to the buyer. So this is a 
main issue which affects the online shopping. People want 
a good delivery time; they prefer to get a product in a 
preferred time or in short time of period. Duration is the 
second major issue affecting the demand of product.  
 
Variety: The kind of selection that a customer gets online is 
hard to match any product purchased offline. The online 
retailer’s stock products from the whole major brand and a 
customer can find any product in their listing no matter how 
hard to find it is in the offline store. Online and offline 
together shopping provide variety of choice from various 
brand. 
 
1.2. Offline Shopping  
Offline is a traditional way of purchasing services or 
products by directly visiting to the store/shop/ or vendor. 
Factors Affecting Offline Shopping  
 
Less number of choices: present are limited numbers of 
choice when it comes to offline shopping. The lot of variety 
is limited. The range of goods available in the shops are 
limited. Sometimes, the stock are old and are up for 
reduction and sale. Basically in offline or any store we get 
less numbers of options as it consists of manual work. We 
have to choice in that less number of equipment due to 
manual factor.  
 
Time consuming: It takes a lot of time to go shopping to a 
store. Distance from house or workplace to the store is time 
consuming. It is also time consuming while trying out the 
outfits in a store or even going through other goods.  
 
Information: What generally happens is that the 
information provided by a shopkeeper isn’t correct. Also this 
information doesn’t always suit our needs. And we buy 
products according to what they say when we ourselves 
don’t have adequate knowledge about the products. Such 
purchases are based on goodwill when we happen to know 
the shopkeepers 
 
Bargaining: In offline store a buyer can do physical 
bargaining to the seller unlike shopping online. In online 
shopping a buyer cannot do bargain as the price of the 
product is fixed. a few of the customer purchased products 
depending upon bargaining so they do not go for online 
shopping as they feel shopping online is more costly than 
the market. 
 
2. REVIEW OF LITERATURE  
Kim, D., Yang, Z., Jun, M. (2003). have studied Customers’ 
perceptions of online retailing service quality and their 
satisfaction. The objective of their study was to identify key 
underlying dimensions of online retailing service quality as 
perceived by online customers. For the research purpose 
they have indentified 6 key online trading service quality 
extent as apparent by online customers which were 

reliable/prompt response, access, case of use, special 
treatment, security, and trustworthiness. They have 
prepared questionnaire as data collection tool and done the 
survey of 260 full time and part time MBA students and 
undergraduate students of USA. The finding of this 
research confirmed that there is a strong and positive 
relationship between online retailers’ service quality and 
their customer satisfaction. They found that 3 scope, 
reliable/prompt response (service), care of use, had 
significant impacts on both customers’ perceived overall 
service quality and their satisfaction. They also suggest 
online retailers implement information systems that 
integrate all their online and offline operations to improve 
their delivery performance. Along with that online retailers 
must have enough staff members to answer customers’ 
diverse questions via telephones and email. Chaing and 
Roy (2003) focused on the customer choice to shop on the 
online and at the offline during the information acquisition 
period. A convenience example of 34 students enroll in 
undergraduate marketing group to select the product for 
testing, 56 products were developed based on the 
popularity of online shopping. The outcome shows that the 
consumer perceives shopping offline as inconvenient, 
online shopping intention was expected to be greater for 
search products than experience product. Riley et.al (2009) 
addressed to know why the people and from where they get 
influence to buy grocery from online shopping. This 
research aims to know the role of all the factors which are 
situational in the process of change of grocery shopping 
from online. Qualitative research is passed out by the 
researcher which helps the researcher to increase the 
knowledge about the depth of the consumer of grocery 
product and their behavior. Researcher also includes the 
quantitative method in his study to find the factors which 
influence them to purchase grocery from online shopping. 
By merging both the qualitative and quantitative study the 
researchers find the importance of the detailed type of 
institution. Many shopper are found that they starts 
discontinuing the online shopping of grocery once there 
initial l point of shopping of grocery created a problem for 
them they stop doing online shopping. 
 
2.1. Statement of the Problem: 
After through study from international and national, now a 
day’s customers preference is very difficult to find. Reviews 
the product, price, quality they all difference between the 
online and offline. Lots of benefits get which kind of 
shopping. This study helps to know the priority and 
preference of customers. Which mode they would select the 
shopping.  
 
2.2. Significance of the Study: 
Online marketers has not only to compete with traditional 
shopkeepers but are also facing stiff competition from many 
fast emerging online companies which are fast and swift in 
their customers approach. This study will be an effective 
guideline for any online business startup. 
 
2.3. Objectives of the Study: 
The present study generally compare the online and offline 
shopping, specifically the objectives are:  
 To analyze the significant difference between the online 

and offline customers groups in various factors. 
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 To compare the customers preference towards online 
and offline shopping. 

 To examine the factor influencing the customer to 
switch from the offline shopping to online shopping and 
online to offline shopping.  

 
3. RESEARCH METHODOLOGY  
The Primary data would be collected keeping in view the 
research objectives and hypothesis to be tested. Structured 
questionnaires have been collected from the respondents of 
public.          The study involves collection of primary data 
through structured questionnaire from publics and analysis 
of the data done with SPSS descriptive application of 
various statistical tools.  
 
3.1. Primary and Secondary data: 
Primary data were collected by using well – structured 
questionnaires prepared by the researcher. It was sample 
collected Salem districts. Secondary data plays a vital role, 
so the researcher collected the secondary data through 
visiting libraries, official website, newspaper, overview the 
magazines and journals for updated articles which will help 
to arrive review of the literature. 
 
3.2. Sampling Design 
Descriptive methodology is to be adopted for this study. It is 
an indefinite population, so that totally 200 questionnaires 
were distributed, out of that only 150 samples are 
shortlisted for this study. Non-probability sampling, 
techniques used for this study which will further involve 
structured random sample. The data collected through 
various measures processed and a number of statistical 
tests would be applied on that which may include the Cross 
tabs, Chi-square, correlation, using SPSS package. 
 
4. DATA ANALYSIS AND INTERPRETATION 

 
Table 4.1: Gender of Respondents 

S. No Gender Frequency Percentage Cumulative         
Percentage 

1 Male 95 64 64 

2 Female 55 36 100 

Total 150 100  

Source: Primary data 
 
Interpretation 
From above the table reveals that 64% of the respondents 
are male. 34% of the respondents are female.  

 
Table 4.2: Occupation of the Respondents 

S. 
No Particulars Frequency Percentage Cumulative 

Percentage 

1 Student 78 52 52 

2 Private Employee 55 36.7 88.7 

3 Government 
Employee 1 0.7 89.3 

4 Business 5 3.3 92.7 

5 Household 10 6.7 99.3 

6 Un Employee 1 0.7 100 

Total 150 100  

Source: Primary data 
 
Interpretation 
From above the table shows that 52% of respondents are 
student, 36.7% of respondents are private employee, 6.7% 
respondents are household, and 3.3% of respondents are 
business people. It shows that only a minimum of 0.7% 
respondents are government employee & en employee. 

 
Table 4.3: Age of the Respondents 

S.No Particulars Frequency Percentage Cumulative 
Percentage 

1 below 18 
years 10 6.7 6.7 

2 18 -25 years 102 68 74.7 

3 26 - 35 years 30 20 94.7 

4 36 - 50 years 8 5.3 100 

Total 150 100  

Source: Primary data 
 
Interpretation 
From above the table shows that 68% of respondents are 
18-25years, 20% of respondents are 26-35 years, 6.7% of 
respondents are below 18 years,. It shows that only a 
minimum of 5.3% respondents are 36-50 years. 

 
Table 4.4: Crosstab analysis 

Age * Prefer to go direct shopping  Cross tabulation 
Count 

 
Prefer to go direct shopping 

Total 
Daily 3 days 

once 
Weekl

y 
Monthl

y 
whenever 
required 

Age 

below 18 
years 0 0 4 5 1 10 

18 -25 years 6 5 15 50 26 102 

26 - 35 years 1 0 8 18 3 30 
36 - 50 years 0 0 3 4 1 8 
Total 7 5 30 77 31 150 

Source: Primary data 
 
Interpretation 
From the above table is found that 6 respondents are in the 
age of 18-25 years,1 respondents are in the age of 26- 35 
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years in category of daily. 5 respondents are in the age of 
18-25 years in category of 3 days once. 4 respondents are 
in the age of below 18 years, 15 respondents are in the age 
of 18-25 years, 8 respondents are in the age of 26-35 
years,                   3 respondents are in the age of 36 – 50 
years category of daily. 5 respondents are in the age of 
below 18 years, 50 respondents are in the age of 18 – 25 
years, 18 respondents are in the age of 26 -35 years,4 
respondents are in the age of 36- 50 years in category of 
monthly. 1 respondents are in the age of below 18 years, 
26 respondents are in the age of 18 – 25 years, 3 
respondents are in the age of 26-35 years, 1 respondents 
are in the age of 36 – 50 years in category of whenever 
required.  
 
Chi- square analysis:  
 
Hypothesis test:  
 
HO: Null hypothesis:  There is no significant difference 
between Gender and what do you like most about online 
shopping. 
 
H1: Alternative hypothesis:  There is significant difference 
between marital Genders what do you like most about 
online shopping.  
 

Chi-Square Tests 

  
Value 

 
Df 

 
Asymp. Sig. 

(2-sided) 

Pearson Chi-Square 4.154a 6 0.656 

Likelihood Ratio 4.827 6 0.566 

Linear-by-Linear Association 0.453 1 0.501 

N of Valid Cases 150   

8 cells (57.1%) have expected count smaller than 5. The minimum 
expected count is .37. 

From the above chi-square analysis the table value of 5% is 3.94 and 
calculated value of chi-square analysis is 0.656, So the Null 

Hypothesis is Accepted. Therefore there is No Significance difference 
between Gender and What do you like most about online shopping. 

 
5. FINDINGS & SUGGESTIONS: 
 
5.1. Findings  
 Gender of the respondents is male with 64% and 36 

percentage of female. 
 age of the respondents, maximum percentage of 

respondents are 68% of 18-25 years, 20%of 
respondents are 26-35 years,6.7% of respondents are 
below 18 years and minimum percentage of 
respondents are 36-50 years. 

 Education qualification of the respondents maximum 
percentage of 54% are under graduate, 18% 
respondents are post graduate, 17.3% of respondents 
are HSC,8.7% respondents are up to SSLC and 
minimum percentage of 1.3% respondents are others. 

 Living area of the respondents 65% of respondents 
are urban area and 35% of respondents are rural 
area. 

 Aware of online shopping for respondents 92% 
percentage respondents are says yes, and 8% of 
respondents are says no. 

 Prefer to go direct shopping of the respondents 51%of 
respondents are monthly, 20% of respondents are 
weekly& whenever required and minimum 3.3% 
percentage of respondents  daily. 

  
 Prefer to go online shopping of the respondents 73% of 

respondents are whenever required, 16% of respondents 
are monthly 7.3% of respondents are  weekly,2.7 
percentage of respondents 3 days once and minimum 0.7 
percentage of respondents  are daily. Normally spends 
money of  direct shopping in a time 51.2% of respondents 
are 501-1000, 24% of respondents are 1001 – 1500 , 10% 
of respondents are less than 500 & 1501 – 2000, and 
minimum percentage of respondents are more than 2000. 
Normally spends money of online shopping in a time 56%of 
respondents are 501- 1000, 24% of respondents are less 
than 500, 7.3 of respondents are 1501-2000, 6.7 of 
respondents are 1001 – 1500 and minimum of 6% 
percentage of respondents are more than 2000. Rate of 
experience in direct shopping, 66% of respondents are 4, 
19.3% of respondents are 5, 8.7% of respondents are 3, 
4% of respondents are 2 and minimum 2% are 1. Rate of 
experience on online shopping 46.7% of respondents are 3, 
31.3% of respondents are 4, 14% of respondents are 2 and 
minimum percentage of respondents are 1 &5. New styles 
and design available at 65% of respondents online, and 
35% of respondents are direct shopping. Products 
difference of direct and online shopping 66.7% of 
respondents are agree, 25.3% of respondents are strongly 
agree, 7.3% of respondents are moderate and minimum 
0.7% of respondents are strongly disagree. 
 
5.2. Suggestions  

 Web based technologies upgrade creative 
conceptualization that improves the response from 
technology. Internet environment has to improved in the 
area of art, dynamics and interactive techniques. This 
improvement will give more visual appeal. One of the risks 
that the respondents have felt is no proper returning policy 
to the product. Offline purchase products choosing the best 
products, and touch and feel good one, but we buy only the 
pictures and videos available on the online shopping. 
Maybe we lose money if those products are unfair. Online 
shopping, to develop the return option. Day to day lot of 
offers give the online shoppers, lot of customer’s bur the 
products on online. It’s on the reason in developing the 
economy and country. Quality as compare offline shopping 
better than online. 
 
6. CONCLUSION  
The customers had sufficient time visit the shopping 
centers, searching the various products, many customers 
prefer the bargaining and decide the purchase after 
physical examinations of the commodities. The entire 
process can change from a few hours to weeks depending 
the products, quality, quantity and source of purchase.    
E - Commerce is exchange of information using net based 
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technologies. In current situation, E-commerce can be used 
a competitive strategy. It successfully includes the entire 
online process of developing, marketing, selling, delivering, 
servicing and paying for products and service. Online 
shopping is a growing technology. If it is properly utilized wit  
assured safety and security for the transactions, it will thrive 
into a highly competitive and dynamic environment.  Salem 
city population is highly tech savvy, and the city is dotted 
with the firms of many successful entrepreneurs. Many 
industries, hospitals, colleges in future, online shopping is 
bound to grow in the big way, given the growing youth 
population.  
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A B S T R A C T  
 
The dye-sensitized solar cell (DSSC) is a third generation photovoltaic device that holds significant 
promise for the inexpensive conversion of solar energy to electrical energy. The scope of the present 
investigation is to develop the novel DSSC based on TiO2 nanoparticles. The pure titanium dioxide 
(TiO2) nanoparticles were synthesized by sol-gel method using titanium isopropoxide and 2-proponal 
as a precursor. Structural characteristics of synthesized pure TiO2 nanoparticles were studied by X-ray 
diffraction analysis. UV spectrum was observed to predict the band gap energy. Fourier transform 
infrared spectrum was recorded to investigate the presence of chemical composition in synthesized 
pure TiO2 nanoparticles. Morphology of the synthesized pure TiO2 nanoparticles was visualized by 
scanning electron microscope. In order to enhance the photocatalytic activity of synthesized pure TiO2 
nanoparticles, the natural rich banana flower dye (Inflorescence dye) was added to pure TiO2 
nanoparticles, which were characterized by the XRD, UV-Visible and FTIR spectroscopic techniques as 
well as SEM. To predict the photocatalytic efficiency of inflorescence dyed TiO2 nanoparticle, dry solar 
cell was prepared by doctor-blade technique. The calculated efficiency was obtained as 0.78%. Hence, 
the present investigation paves new way to develop the DSSC.  

 
 
1. Introduction 
 

The ever increasing demand for energy requires the quick action to utilize 
the renewable energy sources effectively. Solar energy plays a vital type of 
renewable energy because of its unlimited nature, environmental friendliness 

and the potential for high power conversion efficiency in solar energy 
harvesting devices [1]. Solar cells are used to convert light photons from solar 
energy into electrons. Among the various solar cells, dye sensitized solar cell is 
an attempt to reproduce nature’s photosynthesis process [2]. Improving 
power efficiency makes the devices more cost-competitive compared to 
traditional sources of energy [3]. 

The semiconductors can be used for DSSC are metal oxide nanoparticles 
such as titanium dioxide (TiO2), ZnO, MnO2 etc. Due to the superior properties 
such as nontoxic, inexpensive, good chemical stability and bio compatibility, 
the TiO2 nanoparticles are widely used in DSSC [4, 5]. TiO2 nanoparticles are 
prepared by several techniques such as sol gel, electro chemical anodization 
techniques and hydrothermal technique. The sol-gel method is a simple low 
cost and versatile technique which is used for the synthesis of TiO2 
nanoparticles in anatase phase.  

The absorption of light by the metal oxide semiconductor is less due to its 
wide band gap and it affects the charge creation also. Hence, a sensitizer (Dye) 
is needed to coat on the surface of the metal oxide semiconductor. Natural 
dyes are considered as alternative photosensitizers for DSSCs because they 
are inexpensive, flexible, abundant, sustainable and reduce the use of noble 
metals [4]. The sensitizer can be natural dye or a chemical dye. The natural 
dyes attract high attention due to the low cost, nontoxic nature and maximum 
photovoltaic efficiency [6].  

In the present study, pure TiO2 nanoparticles were synthesized using 
the pure and natural dye mixed TiO2 nanoparticles were subjected to 
powder X-ray diffraction, UV-Vis spectrum, scanning electron microscope 
to study the structural, optical, morphological and compositional studies. 
The DSSC was fabricated using natural dye mixed TiO2 coated by doctor 
blade method on glass plate with iodide solution (I+/I3) electrolyte. The  
  

 
 
high rich dye banana flower sensitized DSSC showed a solar light energy 
to electron conversion efficiency of 0.78%. 

 
2. Experimental Methods 
 
2.1 Synthesis of Pure  

Sol-gel technique used for the synthesis of pure TiO2 by taking 
titanium isopropoxide (Sigma-Aldrich) as one of the precursor solution 
and a mixture of distilled water with 2-propanol as another precursor 
solution. The synthesis process was started by the mixing 200 mL of 
double distilled water with 15 mL of 2-propanol. The pH of this first 
precursor solution was adjusted to 2 using decimolar nitric acid [11].  

The second precursor titanium isopropoxide was taken as a 5 mL. The 
titanium precursor was added dropwise into the first precursor under 
continuous stirring in room temperature with equal interval of time. 
Formation of a white drop like precipitate was the immediate response 
from the reaction. After completing the drop wise addition of titanium 
precursor, the precipitation was allowed to settle down under a 
temperature 60 °C for half an hour. The white precipitation was washed 
several times in distilled water and then in methanol to remove the 
impurities. The precipitation was dried and fine white powder of TiO2 
was collected. The sol-gel processes with a simple modification was used 
for the synthesis of natural dye mixed TiO2. 
 
2.2 Dye Extraction  

In nature, flowers, leaves, and fruits have different colors and contain 
several pigments that can be readily extracted and used for DSSC 
fabrication. The electronic structure of pigments reacts with sunlight to 
change the wavelengths. The specific color depends on the capacities of 
the viewer. Pigments can be described by the maximum absorption 
wavelength (λmax). Natural colorants are pigmentary molecules and dyes 
that are mainly obtained from plants (occasionally from animals or 
minerals) with or without chemical treatments. Natural colorants have a 
hydroxyl group in their structure and are water soluble. If an alternative 
dye, such as a plant dye, can be made to perform as well as ruthenium  

http://www.jacsdirectory.com/japs


 5 
 
complex dyes or organic dyes, it is interesting for both economic and 
environmental reasons. A goal of research on plant-based dyes for photo 
electrochemical solar cells is to develop a dye that can be used for the same 
purposes as ruthenium dyes with an acceptable efficiency. Different natural 
dye materials and its efficiency were calculated and given in Table  
1. Musa acuminata (Banana flower) is one of the high content natural dye 
source. The clean fresh fruits and vegetables were crushed and added to 
Ethanol. The mixtures were centrifuged and all solutions were protected 
from direct light [10]. Banana flower is an important dye with good photo 
and electrochemical properties and sensitive to pH. Locally available 
fresh banana flower of 50 g was cut into small pieces and crushing the 
pieces, and added with 200 mL of double distilled water and ethanol. The 
mixture was kept for an hour to extract more dye. The extract was 
filtered and used for the synthesis of natural dye mixed TiO2 [9, 10]. 
 
Table 1 Electrical parameters of measured natural DSSCs samples[20]  
 Dye Jsc (mA/cm²) V oc (mV) FF η %  
 Red Cabbage 0.592 412 0.408 0.099  
       

  Strawberry 0.481 528 0.512 0.130  
 Henna 0.199 503 0.476 0.052  
       

  Mallow 0,471 550 0.527 0.140  
 Musa acuminata (Banana flower) 0.485 556 0.557 0.168  
           
 
2.3 Dyed TiO2 Preparation  

The natural dye extracted from banana flower juice which contains 
Banana inflorescence as a major pigment was mixed with the first 
precursor solution. Since the banana inflorescence juice was extracted in 
water and ethanol as solvents, it got easily mixed with the precursor. 
Since the mixing of banana inflorescence juice varies pH of the precursor 
solution, nitric acid was added to maintain the pH of 2. When the two 
precursors were mixed in this process, instead of white precipitation, a 
dark brownish red precipitation was obtained. The coloration of TiO2 was 
attributed to the adsorption of banana inflorescence dye on the TiO2 nano 
particle. The dye aggregation on nano crystalline film produces 
absorptivity that may result in no electron injection and reduction in 
efficiency [12]. The four important parts of DSSC are dye, electrolyte, 
counter electrode and photo electrode.  

In DSSC, the photons are converted into electric current by charge 
injection from excited dye molecules into the conduction band of a wide 
band gap semiconductor. 
 
2.4 Solar Cell Preparation 
 

DSSCs differ from other types of photovoltaics in both their chemical 
construction and the physical processes that control their operation. The 
performance of a solar cell depends on the performance of each of these 
steps and is maximized by the material and the cell design. First and 
second generation photovoltaic cells are based on solid semiconductor 
materials, while typical DSSCs combine solid and liquid phases. 
Fundamentally, electricity is generated on the photo electrode, which is a 
substrate consisting of a sintered nano porous TiO2 film on a conducting 
oxide-coated glass substrate that is sensitized with a mono layer-thick 
dye and penetrated with electrolyte. The operation of a DSSC under 
illumination, lighteners through the front plate of a DSSC, and the 
incoming photons are absorbed by the layer of dye molecules, which 
leads to the excitation of the dye to an electronically excited state (S*) 
that lies energetically above the conduction band edge (CB) of the TiO2 
particles [20].  

The dyed TiO2 obtained by sol-gel technique was made into a paste 
using titanium isopropoxide solution. A thin film was coated on the glass 
plate using the dyed TiO2 paced by “doctor-blade” technique with the 
already prepared dye mixed TiO2 paste. The dyed TiO2 photo anode was 
ready after drying. The dipping of TiO2 film into the dye solution in the 
conventional process to adsorb dye is not necessary in the modified sol-
gel technique due to the adsorption of dye molecules during the synthesis 
itself [17]. 
 
2.5 Characterization  

A UV visible spectroscopy, FTIR, IR spectroscopy, Powder XRD and 
Scanning Electron Microscope were used to conform the surface 
structure and crystallinity of the sample. 

 
3. Results and Discussion 

3.1 UV-Vis Analysis 
 

The UV-Vis absorption spectra of pure TiO2 and dyed TiO2 are given in 
Fig. 1. The absorption spectrum shows that the pure TiO2 does not absorb 

 
the solar radiation above 320 nm. Hence TiO2 needs a dye sensitizer to 
become a good solar cell photo anode material. An ideal sensitizer for a 
single junction photo voltaic cell converting standard global A.M.1.5 
sunlight to electricity should absorb all light below a threshold 
wavelength of about 920 nm [3]. The natural dyed TiO2 exhibits a good 
absorption peak between the end of UV region and the beginning of 
visible region. It exhibits a good absorption peak in visible region at 530 
nm [8] which gets suppressed when mixed with TiO2. This implies that 
these types of dye molecules are strongly bound to the oxide surface. The 
UV cutoff wavelength of pure TiO2 nano particle is 361 nm and the band 
gap is calculated as 3.43 eV. The band gap of TiO2 in anatase phase is 3.2 
eV [15, 16].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 UV visible patterns of (a) pure TiO2, (b) dyed TiO2 

 
3.2 Powder XRD  

TiO2 nano particles prepared by sol-gel process were characterized from 
powder X-ray diffraction (PXRD) patterns. The PXRD of pure TiO2 nano 
particles which are prepared from an acidic solution of pH 2 is shown in Fig. 

2(a). The broadened diffraction peak at 2 = 25° indicates the less 

crystallized anatase structure [13].  
The PXRD pattern of natural dye mixed TiO2 nano particles with similar 

growth conditions is shown in Fig. 2(b). From these two PXRD patterns, it is 
clear that the mixing of natural dye during synthesis of TiO2 has improved the 
crystalline nature of the anatase phase TiO2. Fig. 2(c) shows the PXRD of the 
dyed TiO2 after calcined at a temperature of 250 °C for about 2 hrs. The nano 
crystalline anatase structure was confirmed by the existence of (1 0 1), (0 0 
4), (2 0 0), (2 1 1) and (0 0 2) diffraction peaks. The lack of orientation 
corresponding to the plane (1 1 0) confirms the absence of rutile phase and 
complete presence of anatase phase.  

Particle size was obtained by Scherrer 

equation, D = K  / (  cos ) 

 
Where, ‘D’ is the particle size, ‘ ’ is the wavelength. 

 
X-ray radiation (  = 0.15406 nm), ‘K’ is the shape factor, a 

dimensionless constant (0.94 in case of spherical shaped particles) and  
is the full width at half-maximum height (FWHM) of the respective 
diffraction peaks [14]. The average particle size of the synthesized TiO2  
nano particles in anatase phase is approximately 50 nm.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 PXRD patterns of (a) pure TiO2 (b) dyed TiO2 (c) dyed TiO2 after calcinations 
at 250 °C 

 
3.3 Scanning Electron Microscope  

The mixing of natural dye during synthesis yielded uniform adsorption of 

dye molecules on TiO2 and prevented the formation of nano clusters.  
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The morphology of TiO2 improved as nearly spherical particles due to the 
adsorption of the dye rich in inflorescence. So natural dye takes an 
additional role of a capping agent. The average crystalline size of TiO2 
nano particles is 50 nm and it agrees well with the value obtained from 
PXRD (Fig. 3).  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 SEM image of (a) pure TiO2 and (b) dyed TiO2 

 
3.4 FTIR Analysis  

FTIR spectrum was used to calculate the various functional groups 
present in titanium dioxide nanoparticles. Fig. 4 represents the FT-IR 
spectra of sol-gel derived comparison of pure TiO2 and dyed TiO2 in the 
range of 400-4000 cm−1. The peaks at 3438.70 and 1640.26 cm−1 in the 
spectra are due to the stretching and bending vibration of the -OH group. 
In the spectrum of pure TiO2, the peaks at 823.88 cm-1 show stretching 
vibration of Ti-O and peaks at 1416.38 cm-1 shows stretching vibrations 
of Ti-O-Ti. Peaks at 3438.70 cm−1 indicates the presence of amines, 
3287.11 cm−1 indicates the presence of alkynes, 3011.35 cm−1 indicates 
the presence of aromatic rings, and 1712.28 cm−1 indicates the presence 
of pyridines, 1243.18 cm−1 indicates the presence of thiophenes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 FTIR image of (a) pure TiO2 and (b) dyed TiO2 

 
3.5 Efficiency Studies  

The fill factor (FF) was found using the equation [18]: 
 

Fill Factor = (Imax ×Vmax)/ (Isc ×Voc) (1) 
 
where Imax and Vmax denote the maximum output value of current and 
voltage respectively, and Isc and Voc denote the short circuit current and 
open-circuit voltage, respectively. 

The values of Jsc = 1.64 mAcm−2, Voc = 0.65 V and the calculated value of 
FF=0.50.  

The total energy conversion efficiency was calculated using the 
following equation [19]: 
 
 =(Jsc ×Voc ×FF) /Pin (2) 

 
where Pin denotes the energy of incident photon. The efficiency was 
calculated as 0.78% which is a good value for a natural dye sensitized 
DSSC and for a modified sol-gel synthesis. 

 
4. Conclusion  

Pure and dye mixed TiO2 nano particles were synthesized using sol-gel 
technique. The direct mixing of natural dye is a promising method for 
uniform adsorption of dye and hence light to electron conversion 
efficiency can be improved. The structural, optical and morphological 
properties of pure and dye rich inflorescence mixed TiO2 were analyzed 
using XRD, UV visible spectroscopy, SEM and FTIR analyses. The TiO2 
nano particles prepared are crystalline and comparatively smaller 
particle size having spherical morphology. The band gap of the 
synthesized TiO2 nano particles is 3.43 eV and it was reduced to 3.29 eV 
due to the adsorption of dye. The FTIR study confirms the purity of TiO2 
and the presence of natural dye’s functional group. The light to electron 
conversion efficiency under standard conditions is 0.78%. 
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1. Introduction 

The textile industry is one of the greatest supporters to the con-
tamination of water assets [1]. Expansive sums of water and harmful 
chemical products are required such as dyes; the colored effluents can 
easily influence the environments in water bodies [2]. Among the 
pollutants present within the textile wastewater the dyes are considered 
exceptionally tricky. The major source for water contamination, eu-
trophication and perturbation of oceanic environment is due to dis-
charge of dyes into the water. Currently, huge work included in the 
rectification of these natural issues primarily highlights the photo-
catalytic process which is the leading candidate for the efficient dye 
remediation under visible light [3–7]. In photocatalysis, the catalyst 
absorbs photons of light to undergo excitation of electrons from the 
valence band to the conduction band, producing electron-hole sets. 
These electron-hole pairs act as redox centres and promptly start oxi-
dation-reduction processes on catalyst surface, coming about within the 
debasement of toxic pollutants [8–10]. Semiconductor photocatalysis is 
the rising advanced oxidation strategy for decrease of natural poisons 
and possesses a few points of interest over conventional oxidation 
methods. One of the merits of semiconductor photocatalysis is the ca-
pacity of adsorbing a wide extend of natural and inorganic species on 
the surface of the photocatalyst which chemically changes by light-in-
duced redox response. Variety of metal oxides (TiO2, SnO2, WO3 and 
ZnO, etc.) have been broadly utilized as photocatalyst under visible and 
UV light. Among them, 

Zirconium oxide (ZrO2) is a extensively utilized material and well 
famous due to its exceptional properties, as well as good chemical 
stability, tremendous anti-corrosive properties, high dielectric constant, 
high melting point, high tensile strength, and good biocompatibility. It 
also been used as wide range spectrum applications, photocatalyst and 
opto-electronic device applications [11–13]. Even though, develop new 
materials for sunlight harvesting is a critical task due to ZrO2 is not 
considered for absorption of sunlight as it is a semiconductor with a 
wide band gap of around 5.0 eV and absorbs only ultraviolet light al-
though [14]. To improve the solar cell efficiency and catalytic prop-
erties of bare ZrO2, combined with conducting polymers or carbon 
based materials is suitable method to improve the physic-chemical and 
electronic properties of this material. Generally, the enhancement of 
photocatalytic performances could be obtained through an organic–i-
norganic hybrid complex made of a semiconductor and suitable sup-
port. Multiple material combinations provide synergistic effects that are 
able to create and improve properties of nanomaterials which are 
beneficial for enhancing the efficiency of photocatalytic reactions. The 
synergistic effect originating from the combination of individual ele-
ments is clearly evident in the case of polymer-based hybrid photo-
catalysts. A great majority of polymer materials exhibits a high level of 
resistance against ultraviolet irradiation and improved corrosion re-
sistance as well as environmental stability. Compared with semi-
conductor oxides, the great majority of polymeric supports are chemi-
cally inert, mechanically stable, inexpensive and easily available. 
Additionally, the hydrophobic nature of polymer gives an advantage to 
congregate the organic pollutants on the surface and raise the efficiency 
of adsorption and subsequent degradation reaction rates. Therefore, in 
recent years polymer-based hybrid materials have been emerging as 
promising device in the photocatalytic field. Especially, polypyrrole 
(PPy) is one of the most widely used dielectric material for electrical 
industry, especially for capacitor, cheap, easily synthesizable, en-
vironmentally stable with exciting redox and electrochemical proper-
ties and has thus gained the special attention of scientific communities 
in various fields of application [15–17]. The combination of metal 
oxide/PPy nanocomposites has got the unique properties. Because, the 
polymeric matrixes allow organization of nanoparticles into supramo-
lecular structures, which considerably increase the extraordinary 
properties of semiconducting nanoparticles [18,19]. Hence, this work 
we prepared PPy incorporated ZrO2 hybrid catalyst by facile 

hydrothermal approach and tuning the optoelectronic properties of the 
bare ZrO2 catalyst. The incorporated PPy could enhance the photo- 
decomposition properties of ZrO2 towards RB31 and 4-CP pollutants 
under visible light irradiation due to the synergic effect between the 
ZrO2 and PPy. The improved photocatalytic mechanism of the hybrid 
catalyst was also proposed. 

2. Experimental procedure 

2.1. Materials 

All precursors, reagents and solutions were provided by 
Sigma–Aldrich (Milwaukee, WI, USA). The grade of purity was, 
ZrCl2·6H2O ≥ 98%, NaOH ≥ 98%, pyrrole ≥ 99%, RB31 and 4- 
CP ≥ 98%. The chemicals were without purification was further pro-
cess. Redistilled water was used to prepare the aqueous solution. 

2.2. Preparation of ZrO2 and ZrO2/PPy composite catalyst powders 

Aqueous hydrothermal routine was used to prepare the ZrO2/PPy 
composite catalyst samples. At first, 1 mmol (1.25 g) of ZrCl2·6H2O was 
dissolved in 50 ml mixed solution of ethanol and water (1:1). Then 
concentrated NaOH solution was added drop wise under energetic 
magnificent. After reaches the pH value of 8, the reaction mixture was 
placed in autoclave and maintained the hydrothermal reaction (180 °C/ 
24 h). The pH value of solution is 6.5 before adding NaOH. Ethanol and 
water was used to washing the suspension in several times finally dried 
at 100 °C for 10 h using vacuum oven. The final powder was bare ZrO2 

nanoparticles. In the preparation of ZrO2/PPy composite, 1 mmol of 
C7H7SO3Na dissolve in 20 ml of DI water/ethanol (1:1) ratio and stirrer 
for 20 min. Then 2 mmol of pyrrolemonomer was taken and put on 
above solution with continues vigorous stirring (solution A). After that, 
4 mmol of (NH4)2S2O8 is dissolved 30 ml D.I water (solution B). 
Consequently calculated amounts of ZrO2 (10 mg, 20 mg, and 30 mg) 
were mixed above solution. After 10 min the solution B added on same 
procedure and polymerization on 0–6 °C in dark room for 3–5 h and 
washed with DI water and ethanol removed residues. Then the ZrO2/@ 
PPy was dried at 80 °C overnight. The obtained samples were denoted 
as x-ZrO2/PPy (x = 5 wt%, 10 wt% and 15 wt%), where × indicated 
the weight ratio of ZrO2 to PPy. The as synthesized ZrO2 with various 
ZrO2/PPy composite samples are referred as ZrO2, ZNP1, ZNP2 and 

Fig. 1. Powder XRD pattern of as synthesized products.  
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ZNP3, respectively. 

2.3. Characterization techniques 

X-ray diffractometer (XRD) equipment type Philips PW 137; with 
Cukα source has been utilized to identify crystalline nature of the ob-
tained products. SEM (Ultra Plus, Zeiss, Germany), TEM (Hitachi) and 
EDS (AZTEC/Xact) was employed to verify the morphology and ele-
mental analysis of products. Raman spectra analysis was executed with 
the wavenumber region from 200 to 2000 cm−1 (Raman spectrometer). 
The optical transmittance of the nanopowders was recorded at room 
temperature by a Perkin Elmer UV/VIS/NIR Lambda 19 spectro-
photometer in the wavelength range of 300–900 nm. 
Photoluminescence spectra of the samples were collected at room 
temperature by using Cary Eclipse (el02045776) Fluorescence spec-
trophotometer in the wavelength range of 400–800 nm with a He-Ne 
laser as an exciting source, and excitation wavelength of 350 nm. The 
Brunauer–Emmett–Teller (BET) surface area was measured by the 

Micromeritic ASAP 2020 M + C. Elemental analyses were made by 
using Perkin Elmer optima 5300 DV ICP-OES instrument. 

2.4. Photocatalytic activity set-up 

The photo-rector is made up of 10 L capacity of cylindrical quartz 
glass. Xe lamp (350 W, λ  >  420 nm) was used as source of visible 
light. Double walled outer jacket is used for the cooling purpose. 
Reactive Black 31 (RB 31) and 4-chlorophenol (4-CP) dyes were used to 
find out the removal efficiency. In a typical procedure, 0.020 g of 
synthesized samples was added to 80 ml of a 10 mg/L dye aqueous 
solution. To ensure the adsorption/desorption equilibrium between the 
photocatalyst and the dye, the mixture was stirred in the dark for 0.5 h. 
UV–Vis spectrometer (2600, Shimaddzu) was used to identify the ab-
sorption nature of RB31 and 4-CP dyes with corresponding wavelength 
of 550, 225 nm, respectively. The experiment was done at room tem-
perature with various visible light irradiations (0 to 60 min) with reg-
ular time period of 15 min. Degradation efficiency and mineralization 

Fig. 2. SEM images of (a) PPy; (b) ZrO2; (c) ZNP3; TEM images of (c) PPy; (d) ZrO2; (e) ZNP3; (f) HRTEM image and SAED pattern (inset) of ZNP3; (g) EDAX spectra 
of ZNP3. 
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efficiency (ME%) of the products was calculated based on the previous 
reported work [20]. The schematic sketch of the photocatalytic model 
was shown in Fig. 1a). 

3. Results and discussion 

3.1. Powder X-ray diffraction (XRD) analysis 

Fig. 1b) shows the XRD pattern of bare PPy, ZrO2 and various ratios 
of ZrO2/PPy composite samples. A broad peak appeared at 2θ of 26.4° is 
due to the PPy orientation peak and the results are matched well with 
the already reported values [21–23]. In bare ZrO2 show series of dif-
fraction peaks were located at 2θ of 22.7°, 26.5°, 28.2°, 31.1°, 32.5°, 
41.5°, 45.3° 50.1° and 54.1° are equivalent to (011), (111), (111), 
(002), (202), (202), (220), (013) and (131), respectively. All the 
sharp diffraction peaks of the ZrO2 sample were indexed to the mono-
clinic phase with space group = P42/nmc). These findings were per-
fectly matched with the joint committee on powder diffraction stan-
dards (JCPDS) card number 80–0965. The level purity of the products 
was also finding out without presence of any impurity phases. A strong 

and sharp diffraction peaks further illustrates that high crystalline 
nature of the samples. A combined with ZrO2 and PPy in the composite 
sample indicates that formation of heterostruture without affecting the 
crystalline structure of bare ZrO2. The average crystallite size can be 
determined through Debye-Scherer’s equation as follows: 

=d K
cos

where d is the mean crystallite size, K is the shape factor taken as 0.89, 
λ is the wavelength of the incident beam, β is the full width at half 
maximum and θ is the Bragg angle. The grain size was estimated to be 
34, 31, 27 and 21 nm for bare ZrO2, ZNP1, ZNP2 and ZNP3, respec-
tively. 

3.2. Morphological analysis 

SEM, TEM and HRTEM studies have been taken to know the surface 
morphology and structural information of the products. Fig. 2(a–c) 
shows the SEM images of bare PPy, ZrO2, and ZrO2/PPy (ZNP3) catalyst 
samples, respectively. The bare PPy and ZrO2 samples show planar 

Fig. 3. Raman spectra of as synthesized catalyst products.  

Fig. 4. UV-Vis DRS spectra of as synthesized catalyst products. (a) Absorption spectra (b) Kubelka-Munk model.  

Fig. 5. Photoluminescence spectra of as synthesized catalyst products.  
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structure PPy nanosheets as well as the spherical shaped particles of 
ZrO2. The ZrO2 nanoparticles are decorated on the PPy nanosheets in 
the composite sample (Fig. 2c). The clear morphological feature of the 
products was further analyzed by TEM images. Fig. 2(d–f) shows the 
TEM images of bare PPy, ZrO2, and ZrO2/PPy (ZNP3) catalyst samples, 

respectively. The wrinkle type lamer structure nanosheets and in-
dividual spherical shaped morphologies were identified in the PPy and 
ZrO2 samples. Further, the ZrO2 nanoparticles are uniformly wrapped 
on the surface of the ZrO2 nanosheets. The clear structural information 
of the products was further examined by HRTEM image (Fig. 2g). From 

Fig. 6. (a) N2 adsorption and desorption analysis ZrO2 and ZNP3 samples. (a) corresponding pore size distribution.  

Fig. 7. UV absorption spectra of RB31) using (a) ZrO2; (b) ZNP3; UV absorption spectra of 4-CP using (c) ZrO2; (d) ZNP3 catalysts under different illumination time.  
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the HRTEM image, the growth direction of the ZrO2 is parallel to the 
lattice fringes and the d spacing of the (111) plane is about 0.336 nm, 
which is close to the lattice spacing of the monoclinic ZrO2. The pre-
sence of N, C and P elements along with the major elements of Zr and O 
in the EDAX (Fig. 2 h) proves that strong interaction of PPy in the ZrO2 

crystal matrix. Further the compositional analysis is done with in-
ductively coupled plasma atomic emission spectroscopy (ICP-AES). The 
ICP-AES analysis confirmed the presence of PPy is 16.73 mg/L in ZrO2 

samples. 

3.3. Raman spectra analysis 

The Raman spectra provide information on the molecular structure 
of polymer and on the charge distribution on the chains. The Raman 
spectra recorded for all the photocatalyst samples and the resultant 
spectra was shown in Fig. 3. The Raman spectrum of pristine PPy show 
two Raman peaks in the high wavenumber range at 1350 and 
1577 cm−1, indicating an overlapped signal from the PPy [24]. Raman 
bands at 1350 and 1577 cm−1 can be assigned to the C]C backbone 

Fig. 8. Temporal degradation profile of (a) RB31; (b) 4-CP; TOC removal efficiency of (c) RB31; (d) 4-CP using all the catalysts; (e) FTIR spectra of the catalyst; (f) 
TEM image of ZrO2 and ZNP3. 
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stretching and the ring-stretching mode of PPy, respectively. The peaks 
at 1350 cm−1 have been associated with the quinonoid bipolaronic 
structure and the peak at 1577 cm−1 is associated with antisymmetrical 
CeH in-plane bending. There are three fundamental Raman modes 
were positioned at 266, 461 and 609 cm−1 is due to the B1g, Eg and A1g 

modes of monoclinic phase ZrO2 [25,26]. Both PPy and ZrO2 Raman 
modes were appeared in all the catalyst samples. Interestingly, after 
ZrO2 coupled with PPy, the ID/IG ratio decreased from 1.71 to 1.13, 
which implied that the strong interfacial interaction occurred between 

ZrO2 and PPy. As is well known, the ID/IG intensity ratio is a measure of 
disorder degree, therefore its decrease suggest that the ZrO2/PPy is 
more order than bare PPy. 

3.4. UV-Vis DRS analysis 

The optical absorption performance and band gap energy estimation 
of the prepared photocatalysts were characterized by UV–vis diffuse 
reflectance spectrum (DRS) and accessible in Fig. 4a. All photocatalysts 

Fig. 9. Effect ZNP3 catalyst dosage on the degradation of (a) RB31 and b) 4-CP dyes respectively; Kinetic plot of (c) RB31; (d) 4-CP for all the catalyst powders; 
Scavenger studies of (e) RB31 and (f) 4-CP dyes. 
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existing superior optical absorption in the region less than 500 nm. The 
photo-absorption was significantly improved when the PPy is coupled 
with ZrO2. The strengthened of visible light absorption of the composite 
sample is further extended is due to the successful incorporation PPy 
matrix in the ZrO2 crystal frame work. The hybrid composite could 
efficiently utilize visible light and obtain more photo-generated elec-
tron-hole pairs. The enhancement of absorption nature in the visible 
light region will result in higher photocatalytic activity. The optical 
band gap energy was calculated by the Kubelka-Munk equation  
[27,28]. As presented in the illustration in Fig. 4b, the Eg of bare ZrO2 is 
found to be 3.09 eV, further it was decrease to 2.90 eV, 2.54 eV and 
2.45 eV for ZNP1, ZNP2 and ZNP3, respectively. 

3.5. Photoluminescence spectra analysis 

Photoluminescence (PL) spectra have been widely used to in-
vestigate the photo-generated charge separation of photocatalysts [29].  
Fig. 5 shows the room temperature PL spectra of all the photocatalyst 
samples. The excitation wavelength of the Xe laser source is 385 nm. 
The broad emission intensity was observed in the entire visible region. 
The bare PPy and ZrO2 exhibited the highest PL intensity, implying high 
recombination rate of photo-generated electron-hole pairs. In contrast, 
the composite samples have lower PL signal, which demonstrated that 
reducing crystal size of catalyst could effectively prolong carrier life-
time. The reduced PL intensity of the composite samples indicating that 
prevention of photo-generated electron-hole pair recombination pro-
cess, which results in high photocatalytic performance. 

3.6. Nitrogen adsorption and desorption analysis 

Textural properties such as surface area and pore size of the samples 
was analyzed by N2 adsorption-desorption analysis. Fig. 6a) illustrates 
that N2 adsorption-desorption isotherms at 77 K for pristine ZrO2 and 
ZrO2/PPy composite. According to the IUPAC classifies the shapes of 
adsorption isotherms of both samples exhibits a type IV with a hys-
teresis loop that is associated with capillary condensation within the 
mesoporous regions (2–50 nm pore diameter) [30–32], with a clear H3 
type hysteresis loop, indicates that aggregated spherical or containing 
slit pores. Based on the isotherm curves the Brunauer-Emmett-Teller 
(BET) surface area and Barreett-Joyner-Halenda (BJH) pore size was 
estimated to be 98.5 m2/g and 22.3 nm for ZNP3 catalyst, which is 
comparatively higher than that of bare ZrO2 (66.34 m2/g and 12.3 nm). 
The improved surface area of ZrO2/PPy composite sample is due to the 
high content of ZrO2 that, would affect the growth of PPy. The results 
demonstrate that the introduction of high content of ZrO2 into PPy 
matrix can be effectively increase the surface area and is closely related 
to the particle size, which is beneficial for the improvement of the 
photocatalytic performance. 

3.7. Photocatalytic studies 

UV-Vis light absorption is one of the most important properties to 

monitoring the photocatalytic activity of the catalysts samples. Hence, 
in the initial process of photocatalytic activity UV-Vis absorption was 
carried out for all the photocatalyst samples towards RB31 and 4-CP 
pollutants under visible light for 60 min (Fig. 7 a-d). The absorption 
range of RB31 and 4-CP was fixed to maximum intensity 550 and 
220 nm, respectively. The maximum absorption intensity was found in 
both dyes without illumination of visible light (0 min). When the visible 
light irradiation is increases the intensity of absorption was gradually 
decreased. It was clearly noted that the absorption intensity of both 
dyes were completely disappear when the irradiation time is reached to 
60 min. hence, it was concluded that the fabricated catalysts was rapid 
active materials under the visible light source. The degradation test was 
further evaluated to know the photocatalytic behavior of the samples.  
Fig. 8(a & b) shows the typical degradation profile of all the catalysts 
towards RB 31 and 4-CP dyes under visible light illumination. The 
graph is plotted between C/Co vs. various time of visible light illumi-
nation. A slight decrease in degradation efficiency is observed in 15 min 
visible light irradiation. Significant degradation efficiency was found 
after the 45 min irradiation of visible light for all the catalyst samples. 
The bare PPy and ZrO2 show only less degradation efficiency towards 
RB31 (31 & 43%) and 4-CP dyes (37 & 51%), respectively. After in-
corporation PPy in to ZrO2 the significantly improved the degradation 
efficiency of both dyes. Especially, the optimized ZrO2/PPy (ZNP3) 
hybrid photocatalyst show outstanding degradation efficiency towards 
RB31 (77%) and 4-CP (98%) dyes than compared with other catalyst 
samples. the results obtained in the degradation test the optimized 
ZrO2/PPy (ZNP3) hybrid photocatalyst show outstanding degradation 
efficiency towards both dyes. Hence, the ZNP3 catalyst was further 
utilized to evaluate the mineralization efficiency (TOC) and the re-
sultant bar diagram is shown in Fig. 8 (c & d). The results demonstrate 
that the TOC removal efficiency of RB31 and 4-CP is found to be 69% 
and 85% in the end of 60 min visible light illumination. Fig. 8 (e) shows 
the FTIR spectra of the samples. The bands at 515 and 480 cm−1 cor-
respond to the Zr–O bond. Absorption peak observed at 2924.09 cm−1 

may be due to eCH3 stretching vibrations. The absorption peaks at 
2852.72 cm−1, 2021.40 cm−1 and 1382.96 cm−1 may be due to eCH2 

stretching, ]CeH stretching and –C-H stretching vibrations. The pre-
sence of both vibrations in all the composite samples suggests that 
formation composite between ZrO2 and PPy. Further TEM analysis was 
carried out for recycled catalyst in order to know eliminate the impacts 
of absorption. Fig. 8 (f) shows the TEM images of ZrO2 and ZrO2/PPy 
(ZNP3) samples, respectively. The clear uniform spherical shaped na-
noparticles of ZrO2 was found, which is uniformly wrapped on the PPy 
sheets. The effect of dosage on the photocatalytic behavior of the RB31 
and 4-CP dyes were further evaluated in order to proves the optimized 
catalyst behavior of the hybrid catalyst. The ZNP3 catalyst was taken in 
the different mass (5, 10, 15 and 20 mg) and the degradation test was 
carried out under the identical experiment process and the relevant 
results are shown Fig. 9(a & b). When the catalyst dosage is increases 
the degradation efficiency of both dyes were gradually increased. It was 
clear evident that 15 mg loaded catalyst reached maximum degradation 
efficiency of both dyes. The kinetic reaction is an important parameter 
in the photocatalytic activity. Hence, the first order kinetic relation  
[33] has been used to find out the apparent constant of all the catalysts. 
The resultant plot is shown in Figure (Fig. 9c & d) and the graph is 
plotted between log Co/C vs. time. The results again proves that the 
optimized catalyst (ZNP3) show outstanding apparent constant (k) of 
0.9124 min−1, which is 15 times better than ZrO2 (0.0608 min−1) and 
20 times better than bare PPy (0.0456 min−1). The entire photo-
catalytic results reveal that the ZrO2/PPy (ZNP3) hybrid catalyst show 
tremendous photocatalytic behavior towards Rb31 and 4-CP under 
visible light illumination. This could be due to the strong absorption 
nature of visible light region and prevent the recombination process of 
the electron-hole pair. The overall photocatalytic parameters are sum-
marized in Table 1. In order to understand the photocatalytic me-
chanism of the proposed catalysts (CFG15), active species have been 

Table 1 
Photocatalytic parameters of all the catalyst samples.          

Samples Band 
gap (eV) 

Rate 
constant of 
RB31 

Rate constant  
of 4-CP 

Degradation 
efficiency at 
100 min 

K (h−1) R2 K (h−1) R2 RB31 4-CP  

PPy 3.18 0.0212 0.945 0.0456 0.988 31 37 
ZrO2 3.09 0.0911 0.978 0.0608 0.911 43 51 
ZNP1 2.90 0.1261 0.965 0.2345 0.978 52 45 
ZNP2 2.54 0.3129 0.912 0.4518 0.927 66 74 
ZNP3 2.45 0.5601 0.993 0.9124 0.998 77 98 
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trapped and the resultant bar diagram of both dyes are depicts in  
Fig. 9(e & f). The results demonstrate that the active species (•OH, h+ 

and •O2
–) work together to photo-degrade RB31 and 4-CP. The ZrO2/ 

PPy (ZNP3) catalyst has both strong oxidizing (•OH and h+) and re-
ducing (reducing O2 to •O2

–) properties, indicating that various free 
radicals are efficient photo-degradation of organic dyes. The rapid re-
duction in the photo-degradation in both dyes with presence of O2

•- 

scavenger compared with other scavengers is due to the direct transfer 
of photo-generated electrons from the CB of the ZrO2/PPy (ZNP3) 
catalyst. When the mass fraction of ZrO2 was further increased (20 wt% 
and 25 wt%), the photocatalytic activity of ZrO2/g-C3N4 composite 

decreased. The 20 and 25 wt% mass loaded ZrO2 was named as ZNP4 
and ZNP5, respectively. The efficiency of RB31 and 4-CP dyes are 
monitored for all the catalyst and the results are depicts in bar diagram 
(Fig. 10(a) & (b)). The degradation efficiency of RB31 was further de-
creased to 75 and 69% for ZNP4 and ZNP5 catalyst, respectively. 
Whereas, the degradation efficiency of 4-CP was found to be 95 and 
91% for ZNP4 and ZNP5 catalyst, respectively. Hence, the results sug-
gest that 12 wt% ZrO2 loaded PPy is the optimized photocatalyst. 
Moreover, the results obtained in the present work are higher than that 
of other metal oxides/PPy based composites [34–38]. The comparison 
results of the obtained catalysts are also shown in Table.2. Additionally, 

Fig. 10. Effect of catalyst dosage on the degradation of (a) RB31 and (b) 4-CP dyes respectively; Stability test of (c) RB31; (d) 4-CP dyes using all the catalyst; (e) 
Schematic sketch of the proposed mechanism of ZrO2/PPy under stimulated visible light. 

A. Parveen and N. Surumbarkuzhali   Inorganic Chemistry Communications 120 (2020) 108153

9



the long-term stability of all the catalysts was investigated over a five 
consecutive cycles and the related graph is shown in Fig. 10(c) & (d). 
There were no significant changes in the photo-degradation efficiency 
of both pollutants during the 5 cycle runs. The relative photo-de-
gradation efficiency was found to decrease only 2.75% from its original 
value. These results indicate that the prepared photocatalysts has ex-
cellent repeatability and stability, making it attractive for fabricating 
high performance photocatalytic devices. The schematic illustration of 
the photocatalytic mechanism is shown in Fig. 10(e). The photo-
catalytic activity of pristine ZrO2 was significantly improved by the 
incorporated PPy. The incorporated PPy could improve the optical 
abortion ability in the visible light region and successfully prevent the 
rapid recombination of electron-hole pair. The inserted PPy to nar-
rowing the band gap energy and decreasing the particle size of ZrO2 in 
the nano-scale region. Moreover, the interface between the PPy and 
ZrO2 making large surface area and porous nature will fascinate the 
more absorption of dye molecules on the catalyst surface. In addition 
that the presence of visible light, surface adsorbed oxygen molecules 
and hydroxyl ions of ZrO2/PPy are the vital active species for the me-
chanism that reacts with excited electron and holes to convert it into 
*O2 and *OH radicals respectively. These reactive oxygen species de-
grade the dye by breaking it into simple organics and furthermore into 
carbon dioxide and water. 

4. Conclusions 

The present work demonstrates an eco-friendly and one step facile 
hydrothermal approach based synthesis of ZrO2/PPy hybrid photo-
catalyst. XRD and Raman results suggest that ZrO2/PPy catalyst show 
monoclinic structure without altering the crystal structure. The clear 
ZrO2 spherical nanoparticles are uniformly wrapped on the PPy na-
nosheet, which is confirmed through SEM and TEM analysis. Narrowing 
the optical band gap energy (3.26 eV-2.45 eV), luminescence property 
and effective prevention of electron-hole recombination process was 
examined by UV and PL results. The photocatalytic degradation effi-
ciency was carried out for Reactive Black 31 (RB 31) and 4-chlor-
ophenol (2-CP) dyes under visible light. The results illustrate that the 
optimal hybrid catalyst could reach 98% of removal efficiency towards 
4-CP pollutant with visible light irradiation for 60 min. Moreover, the 
catalyst show high TOC efficiency (91%) high apparent constant 
(0.9124 min−1), and good stability with multiple cycle experiments. 
This could be due to the photo-generated electron-hole pair tended to 
migrate to the surface of ZrO2/PPy hybrid matrix, resulting in superior 
separation efficiency of photogenerated carriers and great enhancement 
of photocatalytic activity. 
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ENVIRONMENTAL IMPACT OF GREEN PRODUCTS IN INDIA 

   1 Dr. M. Manivannan 
2 K. Kalaiyarasi 

 

Abstract 

 

This study examines environmental impact of green products in India. A green products 

is a sustainable products designed to minimize its environmental impacts during its whole life-

cycle and even after it‟s of no use.  Green products are environment friendly, sustainable and 

socially responsible. According to the American Products Association, „green products are the 

products of products that are presumed to be environmentally safe‟. Green products are usually 

identified by having two basic goals – reducing waste and maximizing resource efficiency. They 

are manufactured using toxic-free ingredients and environmentally-friendly procedures and are 

certified by recognized organizations like Energy star, Forest Stewardship Council, etc. 

Key Words: Environmental, Green & Products. 

1.1 Introduction 

Materials in use for sustainable design run the gamut from cotton insulation, to recycled 

asphalt paving, to photovoltaic arrays. Many products offer a green component that is at best 

incremental, offering performance or some other characteristic that is only slightly better than the 

conventional products. Use of these products by designers and the contractors results in a 

positive effect that is now measurable. In our experience, green products characteristics fall into 

six categories, and many products have benefits in multiple categories; however, a products that 

falls into three categories is not necessarily any more green than a products that falls into only 

one category.   

The Green products so elusive is that introducing or offering a green products not only 

makes certain consumers switch from a well-known benchmark to the green products, but can 

have all sorts of other unintended market effects. Not only can it increase the products‟s market 
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size, but it can even increase the rate at which the products itself is used. Probably the best-

known example of this phenomenon is the so-called “direct rebound effect” of fuel-efficient 

vehicles. “The growing environmental literacy of customers, policymakers, investors, and the 

public will increasingly reward the pursuit of net green and increase the reputational risks of 

using unsubstantiated claims of greenness”. 

1.2 Environmental Communication 

Embracing net green will make corporate environmental sustainability efforts more 

complex, but also more meaningful, rewarding, and defensible. It will also help companies 

enhance the credibility of their environmental communication efforts and avoid the hot water of 

green washing. Any corporate environmental communication strategy based on selling green 

products will always be plagued by the fact that all products have environmental impacts, and the 

greenest option will always be no products at all. The apparel company Patagonia understands 

this argument better than most other companies. It freely admits that producing and selling 

garments is still a substantial source of environmental impact. On Black Friday, 2011, Patagonia 

even took out a full-page ad in The New York Times showing one of its fleece jackets with the 

headline, “Don‟t Buy This Jacket.” Although the underlying reasoning is spot on, the request of 

the ad is also a great way to put your company out of business. A better approach is to identify 

net green business activities. Patagonia, for example, has just added garment repair to its 

business and is about to start selling used products in its stores. 

1.3 Objectives  

1. To evaluate environmental impact of green products in India. 

2. To examine challenges faced by green products in India. 

3. To discuss the boon level of green products in India. 

1.4 Methodology  

This study methodology used on only secondary data sources like books, websites, 

journals, articles, newspapers etc., 
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1.5 Evolution of Green Products 

 

 

 

 1.6 Challenges of Green Products 

 Green productss require renewable and recyclable material, which is costly. 

 Problems of deceptive advertising and false claims. 

 Requires a technology, which requires huge investments in research and development. 

 Majority of the people are not aware of green productss and their uses. 

 Majority of the consumers are not willing to pay a premium for green productss. 

 Educating customers about the advantages of green products. 

 

 

1.7 Boon level of Green Products 

Companies that develop new and improved productss, and services with environment 

inputs in mind give themselves access to new markets, increase their profit sustainability and 

enjoy a competitive advantage over the companies that are not concerned for the environment. 
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 It ensures sustained long-term growth along with profitability. 

 It saves money in the long run, although initial cost is more. 

 It helps the companies to market their productss and services keeping the environment 

aspects in mind. It helps in accessing the new markets and enjoying competitive 

advantage. 

 Most of the employees also feel proud and responsible to be working for an 

environmentally responsible company. 

 It promotes corporate social responsibility. 

 Products audit (including internal and external situation analysis). 

 Develop a products plan outlining strategies with regard to the four P‟s of products. 

 Implementation of the products strategies. 

 Proper review of results. 

1.8 Impacts of Green Products 

 Green products affect positively the health of people and the ecological 

environment. People are aware of pure products and pure methods of producing, 

using, and disposing the products. It encourages integrated efforts for purity in 

products and consumption as well. 

Social Responsibility
Marketing Audit Implementation
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Boon Levels
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 Now, people are insisting pure products – edible items, fruits, and vegetables 

based on organic farming. The number of people seeking vegetarian food is on 

rise. 

 Reducing use of plastics and plastic-based products. 

 Increased consumption of herbal products instead of processed products. 

 Recommending use of leaves instead of plastic pieces; jute and cloth bags instead 

of plastic carrying bags. 

 Increasing use of bio-fertilizers (made of agro-wastes and wormy-composed) 

instead of chemical fertilizers (i.e. organic farming), and minimum use of 

pesticides. 

 Worldwide efforts to recycle wastes of consumer and industrial products. 

 Increased use of herbal medicines, natural therapy, and Yoga. 

 Strict provisions to protect forests, flora and fauna, protection of the rivers, lakes 

and seas from pollutions. 

 Global restrictions on products and use of harmful weapons, atomic tests, etc. 

Various organizations of several countries have formulated provisions for 

protecting ecological balance. 

 More emphasis on social and environmental accountability of producers. 

  Declaration of 5th June as the World Environment Day. 

 Strict legal provisions for restricting duplication or adulteration. 

 Establishing several national and international agencies to monitor efforts and 

activities of business firms in relation pollution control and products of eco-

friendly products. 
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1.9Recommendations 

 Use recycled paper and other productss for your products efforts to reduce the 

consumption of virgin productss. If you do need to use first-run productss, then make 

sure to have them be recyclable productss and encourage those who receive the items to 

recycle them when they have finished with them. 

 One of the easiest ways to save on fuel is to utilize internet meetings instead of requiring 

everyone to be somewhere in person. This will reduce the carbon output into the 

atmosphere because fewer miles are being driven or flown. For an added bonus here: 

power the router, modem, and computer with solar or wind energy. 

 By using email communications for your newsletters and other products documents, 

you‟ll eliminate even more paper from the equation to help save some trees. Email 

products is also more effective when it comes to receiving feedback about your 

campaign. Of course emails can just be deleted, but that‟s a lot better long-term than 

having paper productss being thrown in the trash. 

 Look for local suppliers to fill your green products needs. The money stays within the 

community and it also minimizes shipping costs, which in return minimizes the impact 

that each order has on the environment. 
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 This organization looks for productss that are fully sustainable in all industries. If you‟ve 

never taken on a green products effort before, check out the information that Green Seal 

has collected because they‟ve done a lot of sourcing so you don‟t have to do as much 

work. 

 Having an ecommerce platform that is effective is what of the best green products efforts 

a business can have. Even though it seems like common sense, a vast majority of small 

businesses today don‟t have an online selling presence. Thanks to digital credit card 

processing platforms or readers that connect to smart phones, it‟s even easy to run 

batches, accept all forms of credit, and offer the right payment options for customers. 

 Water bottles are one of the most popular items to have branded for swag right now. 

Instead of investing in the millions of plastic bottles that are used every day just to hold 

water, put your brand onto swag that can be reused, like a water bottle, travel coffee mug, 

or other daily use item. Your brand will get a lot more exposure for the investment and 

people will use the items more because they‟re more useful. 

 Direct mail products can still be effective and you don‟t need to chop down trees to do it. 

Consider using reusable envelopes for your letter campaign so that the recipients can use 

your productss again should the need arise. They‟ll actually find some value in this and 

that might give you the additional boost in exposure that you need. 

 If you can swing it in your budget, upgrade your vehicles to electrical models. You may 

still be using coal-sourced electricity in many communities, but you‟ll take tons of carbon 

out of the atmosphere thanks to the reduction of exhaust that your organization is 

producing. 

 It‟s more fun if everyone joins up and begins the emphasis on going green. Offer your 

customers a specific discount if they provide evidence of helping the local community 

become more environmentally sustainable. It could be through a highway cleanup 

program, a specific event you hold to remove litter from a park, or evidence of a switch 

to green cleaning productss in their home. 
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1.10 Conclusion 

The aim of this revise, by examine the environmental impact green products process, 

green products challenges, green products impact and positives in India. The behaviors of 

consumers, is to determine whether how to use and hence to give advices to companies 

producing environment-friendly products. As result of the study, as environment awareness, 

green products features, green promotion and green price increase, green purchasing behavior 

increases as well as decrease. In most of the studies conducted until today, a negative relation 

between green price and purchasing activities has been pragmatic. 
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Abstract: Probably we may come across the Social Media Sites 

(SMS) such as Facebook, WhatApp, Twitter and YouTube is a 
powerful media among the general public. The recent days 
without social media noting do to so for that reason every 
individual could be an account holder of social media. With the 
impact of social media, we could make significant changes among 
the public or government. The objective of the study is to find out 
the most influenced factor in Social Media Sites (SMS) among 
college students. Seven factors are used for the study such as 
Privacy_F1, Friendship_F2, Illegal Problems_F3, Advertise _F4, 
Risk Identify _F5, Easiest Share_F6, Post_ F7. Privacy F1 is the 
most influenced factor among the college students. 

Keywords: Social Media Sites, College Students, Social 
Networking. 

I. INTRODUCTION 

SMS (Social Media Sites) becomes universal in the future; it 
is a new door into an old house [1]. SMS is useful to put a 
citation, download information and creates awareness [2].   
SMS has changed the individual life for that reason it will help 
the people freely interact with each other’s [3]. The 
three-component desired SMS usage (i) Virtual (ii) 
internet-based community with widely accessible tools and 
(iii) access to publish and view information [4]. SMS means 
for conversations and information [5]. The social networks 
are associated with the platforms of websites now are popular 
among the general public most of the sites are invented after 
the 20th century i.e., Myspace, 2003/ Facebook and Flickr, 
2004 and Twitter and YouTube in 2005. In the short period, 
the sites are reached popular amid communal. Video/picture 
sharing and tweeting have frequent usage [6]. SMS as the 
Colonization of the space between traditional broadcast and 
private dyadic communication [7]. SMS are fundamental 
tools for communication SMS allows us to easily participate 
in an otherwise passive world [8].  Social Media sites used by 
the people for happiness whenever they are in the public for 
that they made private conversation throughout Facebook and 
WhatsApp [9]. There are no restrictions were imposed on 
social media activity all the people are using social sites i.e., 
students, teachers, family members irrespective of their 
gender and community and religion [10]. The pluralistic 
public spheres that emerged within the arena of social media 
[11]. SMS usage and engagement depend on the individual’s 
social network, thus indicating that even in the era of social 
media [12]. 
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The SMS used for Electoral connections, emergency, best 
transformation practices, meetings and essential gatherings 
[13]. This article demonstrates the theoretical and analytical 
view as well solution of the Social Media Networking Sites 
SMNS. 

Educational Impact of SMS 

Social media sites allow people to maintain connections with 
friends and family members moreover it has used for 
educational purposes and facilitated learning experiences 
[14]. Social networking sites have recently harvest academic 
attention in promoting democracy and openness in both 
developed and developing religious. [15]. Several papers 
have discussed the positive and negative impact of SMS. All 
the studies have indicated that the homogenous sites used by 
the people are Facebook and Twitter. Facebook is a tool for 
sharing information to the public and individuals, whereas 
Twitter used for sharing directed the dispersal of information 
[16]. Social Media Sites occupied as an important role in our 
lives, while its impact depends on the people who use it and 
how they use it [17]. He urges that social media sites should 
provide a safe space for users. Facebook and Twitter have 
made a significant impact among the users. The positive 
impact of social media sites on education to be measured with 
the help of new skills, quality education, familiarity and, 
enhancing creativity.   while the negative impact identified 
whit the help of reduces learning, poor academic 
performances, and privacy [18]. Continues usage of social 
media sites may be caused by the life of college students. 
There are many challenges which are harming the students 
when they are using social networking sites like privacy, 
health issue, real friendship, and other challenges by 
overcoming the challenges and negative impacts the students 
try to reduce the amount of time spent on social networking 
sites. We carefully analyzed the qualitative data related to 
educational impact with social media sites which is most 
relevant and appropriate for the study.   

Tool for Collaborative Learning  

Social media networking sites acting as an intermediate 
among the students. Notwithstanding he suggests few 
methods which are helpful to the students to learn education 
throughout SMS, the instructors supplement lecture material 
online, in the participating online discussion students can 
clarify their doubts. Students should be advised to use some 
SMS such as Twitter and Facebook, in and out of class to 
discuss common topics, apart from the classroom teaching he 
advised to used some videos on SMS such as YouTube or 
Vimeo. The instructors have sent their writing, video, audio, 
and interaction on SMS [19].  
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The young children are using social media sites from home, 
school, and library for entertainment and social purposes and 
learned from family, friends, and peers [20]. Social 
networking sites assist the students in developing digital 
literacy practices, and academic literacy practices and also 
they encounter important questions about the privacy, 
management, ownership, and identity representation [21]. By 
means of modern technologies social media sites, for 
instance, Facebook and Twitter everywhere using by the 
students and also it allows to people maintain connections 
with family and friends sharing information to a larger of 
users within a seconds.  Further, it can be used for educational 
purposes and make easy learning experience.  Social 
networking sites are a suitable platform that allows teachers 
and students to organize, collaborate, share, and discuss 
issues. With the advent of social media development, a 
successful teacher can make significant changes like 
improving technology skills and science learning.  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sources: Computed Model  

The above graph exhibits the seven factors that are derived 
after the analysis of data. Further, it will test with 
socio-economic variables. 

II. SURVEY FROM EXISTING LITERATURES 

The middle school student’s used social media for the reason 
to connect their friends, sharing information, and monitor 
what others doing in the social media. Most used social media 
among the middle schools accounted for 27%/25%/25% 
Instagram, Snapchat and YouTube respectively [22]. Their 
study amongst the English school pupils they have used 
Instagram for the reason of appreciated their images. Whereas 
Facebook used by them for interact with other i.e., family, 
friends and neighbors, While Twitter is the main platform of 
school banter, but WhatsApp used for making a conversation 
between the genders, while Snapchat used for sharing 
information only amongst the best friends [23]. Amongst the 
total portion of the college students 98.9% using social media 
keeping touch with friends, followed by 70.9% for 
entertainment purposes and the rest of 79.3% in touch with 
their family. Additionally, this study shows Facebook is the 
most preferred social media site among college students after 
that Twitter, LinkedIn, and Myspace. [24]. The study 

investigated the socio-economic variables with utilitarian 
factors on the adoption of SMS among the educational 
institutions. The outcome of the study reveals that the 
socio-economic variables and behavior in adopting SMS for 
higher educational institutions have a significant impact. The 
results also show that the utilitarian variables such as 
perceived ease of used, perceived usefulness and perceived 
social pressure have a significant impact on the study [25].  
The aim of this study is to identify the influencing factor 
which is involved in the adoption of Social networking site 
among the Malaysian Muslim users. They found that three 
social media which is most used by the Malaysian Muslims 
that are Facebook, Twitter, and MySpace [26]. This study 
conducted about the use of social media by students at Wuhan 
University, China. The researcher identified that there is a 
huge impact between the international students who are using 
SMS and affecting factors. The main anxiety in using social 
media is privacy [27]. Factor affecting social networking sites 
SNS by college students for that purpose Technology 
Acceptance Model (perceived usefulness, perceived ease of 
use, and attitude) was implemented for the study.  The results 
reveal that variables usefulness and ease of use, feelings of 
flow experience and risk, child level of access are positively 
correlated with the usage of [28]. SMS take up a important 
role among the youngster’s, college students, professionals, 
business people, and elders also. Consequently, wherever we 
go there might be a person who could be scrolling their 
mobile phones all this happens due to the technological 
development for the reflection the Smartphone has been 
invented; this will give us the entire world in a single hand. 
The social media networking such as Facebook, WhatsApp, 
Twitter, Myspace, Instagram, etc., freely allowed people to 
access these sites. Everyone has to become a member of this 
SMS and seek their friends, relatives, colleagues, and peer 
group. Most of the SMS are very useful rather than fever 
Medias has to give some consequences because of the 
member of these sites has to handle badly. Some may use their 
sites for post recent news, events, updating information even 
though few of them use their sites for post fake information, 
old messages and try to morph photos it should be avoided 
then only the ultimate purpose the social media sites reached 
the people. The researcher has reviewed various relevant 
pieces of literature throughout various sources. Most of the 
researchers have SMS with various fields, whereas this study 
going to discover the most influenced factors which is impact 
students.  

Problem Statement  

Social media is a curriculum to engage the students and timely 
collaborative learning. The popular social media platforms 
are Facebook, Twitter, and Google plus which are used by 
tablets, computers, and smartphones. The SMS well 
connected the people who are involving in the 
entertainment/educational purpose if you are students or if 
you are a business person or if you are an employee whatever 
maybe you should use SMS without harms others [29].    This 
study about SMS among the college students we all know 
about SMS has given much more cause more than our 
imagination and benefits to the people.  
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Therefore this study will deliver a better understanding 
among the college students both academic endowment and 
personnel carrier. In the academic view, it is useful to the 
students to share their subject related notes, books, and 
real-time study-related matters, on the other hand, its benefits 
to the students for their job-related information sharing and 
much more.  

Objective of the Study 

Related to this research issue the following objective was 
coined  
1. To identify the influencing factor of social media sites  
    among college students in Salem District. 

Hypothesis of the Study 

To prove the research objective the following null hypothesis 
framed 
1. H0: There exists no considerable difference between factor 
influencing SMS with regard to the socio-economic variables 
of the college students.  
2. H0:There exists no considerable difference between    
    educational qualification with regard to Privacy_F1,   
   Friendship _F2, Illegal Problems _F3, Advertise   
   F4, Risk Identify _F5, Easiest Share _F6, Post_ F7.  

III. METHODS 

The recent day no one life move without social media sites for 
the intention we concentration on the college students. This 
study related to factors influencing SMS among the college 
students to the particular region that is Salem district. SMS is 
used worldwide for many purposes effectively by people 
belonging to different fields like politicians, doctors, business 
people, and social activists. As students are the chore of every 
society, it becomes necessary that the student is drawn along 
the right path. The college’s students sometimes received 
good information from their friends rather than fewer to 
received fake messages; post it is a big impact among the 
college students.  For this study qualitative as well as the 
quantitative type of research methods have been adopted. 
Primary and secondary data were used for this report. Primary 
data collected with the help of the questionnaire method 
throughout college students in an around Salem District. The 
factual information such as gender, age, community, religion, 
types of institutions, educational qualification, marital status, 
occupation of the parents, monthly income of the parents and 
types of family are collected.  The other information collected 
by adopting the Likert Five Point Scaling Technique, the scale 
anger are Mostly influenced for - 5, Influenced for-4, 
Neutrally influenced for 3, Slightly influenced for-2 and Not 
influenced for-1.  Secondary data were collected from the 
journal with the help of websites. 105 sample collected by 
implemented Non-Probability, Judgment Sampling. We stood 
the Arts and Science & Engineering colleges and explain 
about SMS likewise those data are collected. Factory analysis 
and F-test were used to analyses the data.   

IV. ANALYSIS AND INTERPRETATION OF DATA 

The below table explains the comparison of socio-economic 
variables like sexual category, age, community, educational 
qualification, frequency of visit time spend per day way of 
using.  
 

Table - 1 
Socio-economic 
variables 

Characteristics N % 

Sexual Category  

Male 66 93.8 

Female 39 6.2 

Total 105 100.0 

Age  

Below 20 12 11.4 

21-25 67 63.8 

Above 25 26 24.8 

Total 105 100.0 

Community 

SC/ST 29 27.6 

BC 50 47.6 

MBC 17 16.2 

Others 9 8.6 

Total 105 100.0 

Educational 
Qualification 

UG Degree 37 35.2 

PG Degree 30 28.6 

Diploma 15 14.3 

Engineering 
Total 

23 
105 

21.9 
100.0 

Frequent of Visit 

Every day 
Once in a week 
Twice in a week 
Once in a month 
Total 

47 
23 
23 
12 

105 

44.8 
21.9 
21.9 
11.4 

100.0 

Time Spent per 
day 

Less than 1 hour 
1 to 2 hours 
3 to 5 hours 
above 5 hours 
Total 

14 
55 
27 
9 

105 

13.3 
52.4 
25.7 
8.6 

100.0 

Way of using  

Personal    
Computer 
Browsing Center 
Laptop 
Mobile Phone 
Tab 
Total 

9 
17 
32 
44 
3 

105 

8.6 
16.2 
30.5 
41.9 
2.9 

100.0 

    Sources: Collected by Author   

Among the sexual category, 93.8 percent of the students are 
male, whereas 6.2 percent of the students are female. 
Amongst the total age group, 63.8 percent of the students are 
in the age group of 21-25, 24.8 percent of the students are in 
the age group of above 25 and 11.4 percent of the students are 
in the below 20 years. According to the community, 47.6 
percent of students are BC, 27.6 percent of the students are 
SC/ST, 16.2 percent of the students are MBC and 8.6 percent 
of the students are others. In concerned with the educational 
qualifications 35.2 percent of the students are pursuing a UG 
degree, 28.6 percent of the students are studying PG degree, 
21.9 percent of the students are pursuing engineering and 14.3 
percent of the students are studying Diploma courses.  In the 
view of frequent visits, 44.8 percent of the students are using 
SMS every day, 21.9 percent of the students are using SMS 
once or twice in a week and 11.4 percent of the students are 
using SMS once in a month. In the apprehensive time spent 
per day,  
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52.4 percent of the students are using SMS 1 to 2 hours, 25.7 
percent of the students are using SMS 3 to 5 hours 13.3 
percent of the students are using SMS less than 1 hour and 8.6 
percent of the students are using SMS for above 5 hours. In 
the view of way of using SMS 41.9 per cent of the students are 
using SMS through mobile phones, 30.5 percent of the 
students are using SMS in the way of Laptop 16.2 percent of 
the students are using SMS via browsing center, 8.6 percent of 
the students are using SMS personal computer and 2.9 percent 
of the students are using SMS throughout Tab. 

Factor Analysis  

Factor analysis is a statistical technique which is help to 
minimize the number of variables into fewer factors. Or 
otherwise, it is a data reduction technique that helps to reduce 
much longer variables into smaller factors. To conduct this 
study the researcher has been selected 22 variables all the 
variables tested with factor analysis after the analysis seven 
factors have been found that will be explained in the following 
tables. 

Table -2 

KMO and Bartlett's Test 
Kaiser-Meyer-Olkin 
Measure of Sampling 
Adequacy. 0.703 
Bartlett's 
Test of 
Sphericity 

Approx. 
Chi-Square 

890.624 
Df 231 
Sig. 0 

 

       Sources: Collected by Author 

From the above table, we can clarify that the 
Kaiser-Meyer-Olkin measure of sampling Adequacy is 0.73 
which more than the recommended value normally the 
recommended value is more than 0.7. The value indicates the 
Bartlett’s Test of Sphericity Approx. Chi-Square is 890.624 
which are statistically significant for the study at 5% 
significant level. 

Rotated Component Matrix Result  

After employed the Factor (F) analysis the number of 
variables reduced in fewer factors that have been discussed.  
 The first Factor F1 shaped with five variables contact 
potential new friends, usually free, increased news cycle 
speed, lose some privacy and corporate invasion of privacy 
compared together which can suitably be named as 
“Privacy”. The second Factor F2 is formed with three 
variables such as to maintain old and new friends, social 
acceptance and support and life boring without social media 
which can be named “Friendship”. The third Factor F3 is 
formed with four like people may use a fake profile, the 
commonality of the internet; time waster and online bullying 
can be problem variables which can be named as “Illegal 
Problems”. The fourth Factor F4 is formed with four 
variables such as particular technical skill to create a personal 
page, face to face connections are endangered contact with 
people of similar interest and free advertising which can be 
named as “Advertisement”, The fifth Factor F5 is formed 
with two variables likewise cyberbullying and crimes against 
children and risk of fraud or identity theft which can be named 

as “Risk Identify”. The sixth  Factor F6 is formed with two 
variables like real-time information sharing and simpler to get 
in touch with long-lost friends which can be named as 
“Easiest share” and the last Factor F7 is formed with two 
variables similar to a pinch of salt like to boast and exaggerate 
and later regret posting pictures or comments which can be 
named as “Post”. 

Friedman Rank Correlation  

Friedman test is the non-parametric, alternative to One-Way 
ANOVA. It is mainly used to identify differences between the 
groups.    
H0: There exists no considerable difference between impact    
      of SMS with regard to college students. 

Table -3 
  

N S.D 
Mean 
Rank 

Chi- 
P-Valu

e 
Factors  

Square 
Privacy (F1) 

10
5 

3.93
1 6.7     

Friendship (F2)  
10
5 

3.25
3 3.87     

Illegal Problems 
(F3) 

10
5 

3.63
3 5.14     

Advertise  (F4) 
10
5 

3.52
4 5.55 

469.36
1 <0.001 

Risk Identify 
(F5) 

10
5 2.04 2.12     

Easiest Share 
(F6) 10

5 
1.88

9 2.56     
Post (F7) 10

5 
1.92

3 2.06     

     Sources: Collected by Author 

Inference  

The above table indicates that the P-value is less than 0.05 the 
null hypothesis is rejected at 5% level of significance. 
Therefore it is concluded that there exists a considerable 
difference between the impacts of SMS with regard to college 
students. To identify the most influenced factor for the impact 
of SMS among the college students we applied Friedman rank 
correlation. Based on the mean rank Privacy (F1) with mean 
rank of 6.70 is a most influenced factor for SMS followed by 
Advertise ( F4) with the mean rank of 5.55, illegal problems 
(F3) with mean score of 5.14, Friendship (F2) with mean rank 
of 3.87, Easiest Share (F6) with mean score of 2.56, Risk 
Identify (F5) with mean rank of 2.12 and Post (F7) with mean 
rank of 2.06. 

One-way ANOVA  

After employed the factor analysis we have seven factors that 
influence the college students while there are using SMS. The 
seven factors were tested with ANOVA. 
H0: There exists no considerable difference between 
educational qualification with regard to Privacy_F1, 
Friendship _F2, Illegal Problems _F3, Advertise _F4, Risk 
Identify _F5, Easiest Share _F6, 
Post_ F7.  
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Table -4 

Factors 
Educational 
Qualification 

N Mean S.D 
F- 

Value 
P- 

Value 

F1 

UG Degree 37 19.49 3.485 

1.612 0.191 

PG Degree 30 18.57 4.953 

Diploma 15 20.80 1.568 

Engineering 23 18.26 3.991 

Total 105 19.14 3.931 

F2 

UG Degree 37 10.92 3.040 

.631 0.597 

PG Degree 30 9.83 3.779 

Diploma 15 10.67 3.374 

Engineering 23 10.52 2.810 

Total 105 10.49 3.253 

F3 

UG Degree 37 14.30 3.072 

1.025 0.385 

PG Degree 30 13.53 4.232 

Diploma 15 14.67 3.619 

Engineering 23 12.91 3.630 

Total 105 13.83 3.633 

F4 

UG Degree 37 15.78 3.110 

.446 0.721 

PG Degree 30 15.23 4.352 

Diploma 15 14.67 3.638 

Engineering 23 15.00 2.954 

Total 105 15.30 3.524 

F5 

UG Degree 37 7.00 2.147 

.317 0.813 

PG Degree 30 7.20 1.919 

Diploma 15 7.07 2.154 

Engineering 23 6.65 2.036 

Total 105 6.99 2.040 

F6 

UG Degree 37 7.89 1.390 

.380 0.768 

PG Degree 30 7.67 1.971 

Diploma 15 8.07 2.314 

Engineering 23 7.48 2.233 

Total 105 7.76 1.889 

F7 

UG Degree 37 6.89 1.410 

3.448 0.019 

PG Degree 30 7.77 2.315 

Diploma 15 6.20 2.042 

Engineering 23 6.39 1.699 

Total 105 6.93 1.923 

    Sources: Collected by Author 

Inference  

The above table indicates that the P-Value of all factors are > 
0.191/ 0.597/ 0.385/ 0.721/ 0.813/ 0.768/ 0.019 which is more 
than the prescribed value of 0.05, all the 7 factors null 
hypothesis is accepted at 5% level of significance. Therefore 
there exists no variation between the educational qualification 
with regard to Privacy_F1, Friendship _F2, Illegal Problems 
_F3, Advertise _F4, Risk Identify _F5, Easiest Share _F6, 
Post _F7. In the view of educational qualification with 
Privacy F1the diploma degree holders mostly influenced with 
the highest mean rank of 20.80, likewise Friendship F2 the 
UG degree holders with mean score of 10.92, illegal problem 
F3 the diploma holders with grade of 14.67, Advertise F4 the 
UG degree holders with mean position of 15.78, Risk Identify 
F5 with mean score of 7.20, Easiest share F6 the UG degree 

holders with the mean rank of 7.89 and Post F7 the PG degree 
holders with mean grade of 7.77. Consequently, the 
UG/PG/Diploma degree holders have mostly influenced the 
SMS.  

V.  IMPLICATIONS 

The argument of [30] youth spending an average time of three 
to four hours online, the youngsters trapped on their 
computers and mobile phones that would not cause them to 
stress.  Most of the under graduate students are using SMS 
between the age group of 21-15, they are every day using 
SMS at least 1 to 2 hours throughout their mobile phones. 
SMS are greatly useful for academic and other creative 
purposes positively, it can also be truly said that they 
sometimes spoil the time and mind of the students when used 
passionately. Further students do not post personal 
information on SMS because it may be a big cause to the 
students. Privacy F1 is the most influenced factor among the 
college students; therefore, the students should avoid the 
acceptance from an unknown friend request, personal 
information discloser. Advertise F4 students always aware of 
promotional advertisements and online videos. Illegal 
problems F3 sometimes fewer problems would come from 
fake profile users and online bullying meanwhile students 
should protect themselves. Friendship F2 students always 
monitor their old and new friend posts whether it may harm 
the public or may not, appreciate the goods post whereas stay 
away from bad posts/ messages. F6 Easiest Share with the 
help of SMS students will share the real-time information. F5 
Risk Identity SMS used by a vast number of users hence it will 
help to spread good things as well as bad things. The college 
students should use the SMS for their academic usages for 
that they Post F7 educational contents, awareness videos, 
communication development applications, etc. [31]. They 
recommended that the school counselors provide classroom 
guidance regarding the website usages. Further, the workshop 
of the teachers and parents would be conducted. Ultimately 
teachers and parents have to monitor the students and should 
guide them for good usage of SMS and also government can 
implement censorship for networks. All the implications 
derived from this study not in general.  

VI. CONCLUSION AND RESEARCH 
FURTHERANCE  

The study intends to identify the most influenced factors of 
SMS which affected by the college students for that reason 22 
variables have been taken for the study. To identify the most 
influenced factor we used factor analysis the factors analysis 
should compress the vast variables into fewer factors i.e., 
Privacy_F1, Friendship _F2, Illegal Problems _F3, Advertise 
_F4, Risk Identify _F5, Easiest Share _F6, Post _F7. After 
employed the Friedman rank correlation we come to know the 
most influenced factor of SMS amongst the college students. 
Further SMS site has both positive as well as negative effects. 
Students tend to spend much of their time in SMS and they 
lose their sleep and this may result in their lagging back in 
their academic performance also. Sometimes when the 
students log on to Social Media Sites, they go for unnecessary 
information and they develop 
unwelcome relationships too.  
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But most of today’s’ students are prudent enough to 
distinguish between what they need and what is not to be 
done. Social networking sites are appreciable in college 
students for purposes of their academic and personal benefits. 
Future research could be carried out on Social Media 
addiction and behavioral intention of social media users or the 
same study could be extended as state level or national level. 
A comparative study could be made between two districts or 
two states about social media usage. Further students those 
are not using social media sites they can get some clarity on 
how it will be used for educational purpose apart from 
entertainment purpose. Moreover, this study will help the 
government and non-governmental organizations to 
implement the major implication with the help of social media 
sites. 
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Abstract 

The rapid urbanization processes in island coastal areas has led to serious pollution in the marine environment. Less is known about 

the trace metal speciation and ecological risk (ER) in the coastal sediments of island areas under various human activities pressures, 

which is essential to address the connection between metal pollution and anthropogenic impacts. We report here the trace metals 

concentration and its ecological risk on the coast of South Andaman Island (SAI). A total of 23 study locations were selected (March 

2013) and the surface sediments were studied for trace metal concentrations such as Iron (Fe), Manganese (Mn), Chromium (Cr), 

Cobalt (Co), Copper (Cu), Nickel (Ni), Arsenic (As), Zinc (Zn), and Lead (Pb). Moreover, the marine pollution indices such as 

Enrichment Factors (EFs), Geo-accumulation Index (Igeo), Contamination Factor (CF), Pollution Load Index (PLI), and Sediment 
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Pollution Index (SPI) were also studied to consider the spatial distribution of trace metals. The concentration values of trace elements 

are found in the order of Fe > Mn > Cr > Ni > Zn > Cu > Co > Pb > As. The CF analysis suggested that the South Andaman coastal 

sediments are a relatively significant level of elements contamination. Besides the EF and Igeo values also showed significant 

enrichment in the nearby settlement area and indicated that the study locations are coming under unpolluted and moderately polluted 

categories. The PLI and SPI analyses showed that the inner Bay region (stations 1, 2, 3, and 20) of Port Blair Bay is a highly polluted 

area and its ER values suggest that the sediments fall under the moderate risk (69.56%) and considerable risk (30.43%) categories. 

The statistical analysis clearly indicated that the accumulations of trace elements in the study locations are due to anthropogenic inputs 

from the adjacent land-based sources. Spatial data on the heavy metal concentration of the studied site would help the 

policymaker/environmental managers to identify the vulnerability site and take appropriate remedial effort to protect the pristine 

island coastal ecosystem. 

 

 

Keywords: Contamination Factor, Elemental concentration, Enrichment Factor, Pollution Load Index, South Andaman 

 

Introduction 

The coastal waters and sediment qualities play a vital role through many factors (incl: trace elements) for survival and well being of 

living resources (Sankar et al, 2018). The world coastal environments are loaded with uncontrolled heavy metals due to the long term 

dispersal, toxicity and bioaccumulation in the coastal waters and sediments (Mashal et al., 2014; Guevara et al., 2005; Zhang et al., 

2017). The trace elements in the coastal waters and sediments are transported in the form of dissolved suspended particles from land 

runoff, farming activities, sewage waste and atmospheric flux (Saouter et al., 1993). The heavy metals are inadequately soluble and 

absorbed largely in the marine environment through suspended particles (Kasilingam et al., 2016; Krishnakumar et al., 2017). Several 

studies reported that coastal sediments are polluted by trace elements and quantifying these elements distribution in the surface 

sediments would facilitate the understanding of marine pollution (Jayaprakash et al., 2008; Pekey, 2006; Godson et al., 2018). The 
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Andaman and Nicobar Islands (ANI) are known as one of the hotspot biodiversity regions of India. The islands people are mainly 

dependent on the marine resources for livelihood, recreational and other activities. In the recent years, rapid coastal urbanization and 

industrial development activities are taking place at Port Blair coastal zone (SAI), therefore, the enormous amount of untreated 

domestic sewage and land runoff discharges are simply contaminating the coastal waters and sediments (Census, 2011; Karthik et al., 

2014). Geochemistry studies in ANI coastal sediments are very limited with few of Ramesh et al. (2006), Kurian et al. (2008), Nobi et 

al. (2010), Awasthi et al. (2014), Bandopadhyay and Ghosh (2015), and Vignesh et al. (2016). Therefore, the present study was carried 

out to full fill the following objectives such as (i) to create a baseline data on trace metals distribution in the coastal region of Port 

Blair, (ii) to understand the concentration of metals in surface sediments of coastal urban, rural, and protected areas (marine national 

park) by using geostatistical tools (EF, Geoaccumulation Index (Igeo), Contamination Factor (CF), Pollution Load Index (PLI), and 

Sediment Pollution Index (SPI), and (iii) to understand the spatial distribution and vulnerability of heavy metals by using the 

Geographical Information System (GIS) - based chemometric approach. 

2. Materials and methods 

2.1 Study area 

The ANI consists of about 572 islands that are lying in the Bay of Bengal (BoB) to the eastern side of mainland India. The 

total land areas of ANI are around 8,249 km2 and covered by tropical evergreen rain forest and marine environments (Coral reefs, 

Seagrasses, Seaweeds, and Mangroves). ANI is an oceanic crust upliftment during the Neogene period in the Indian Ocean north side, 

which represents a complex junction at the intersection of two major lithospheric plates —the Indian and the Pacific. The rainfall 

occurs in these Islands is around 8 - 9 months and the average annual rainfall is around 3,100 mm. Mostly, 95% of annual occurs 

during the months of May to December (2,935 mm). The SAI is the third-largest island in ANI, which located at 11° 47′N and 92° 

39′E. This Island area is around 1,348 km² covering 93 km long and 31 km width. According to the 2011 Census data, the total 

population of the SAI is about 2,38,142. Out of this, the population in the Ferrargunj area is around 53,560 and the Port Blair area is 

around 1,55,937. In recent years, the SAI area population is gradually increasing due to coastal urbanization. To understand the 

urbanization and population effect on the coastal environment, trace elements and potential ecological risk assessment studies were 
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conducted in Port Blair coastal areas during March 2013. A total of 23 surface sediment samples were collected from different parts of 

the SAI coastal waters coast by using a small polyethylene cylinder with a 3-inch diameter which penetrates in to the shallow depth 

sediments with help of local underwater divers (Figure 1). 

2.2 Sediment sampling and trace metal analysis 

The sediment samples were collected from intertidal areas of different ecosystems such as coral reefs, mangroves, seagrass, 

tourism beaches, and undistributed marine ecosystem in and around SAI. The location of each sampling site was noted by using a 

Global Positioning System (GPS) GARMIN 76CSx. To study the sediment texture and geochemical analysis, the samples were 

collected with pre-cleaned polyethylene bags and labeled with proper classification code numbers. Further, the collected samples were 

kept in a hot air oven at 50°C for removing moisture content (Kasilingam et al., 2016). 

2.3 Sediment textural analysis 

The carbonate (CaCO3) and trace elements analysis were performed by following Loring and Rantala (1992) methods. The 

organic carbon was analyzed by exothermic heating, oxidation with potassium dichromate and acidifying with concentrated sulfuric 

acid (H2SO4). The excess amount of dichromate was titrated with 0.5 N ferrous ammonium sulfate solutions (Gaudette et al. 1974; 

Kasilingam et al., 2016). The trace element analysis was carried out by inductively coupled plasma atomic emission spectrometry 

(ICP-AES) at Central Instrumentation Facility, Pondicherry University and the concentrations of selected elements (Mn, Fe, Cr, Cu, 

Co, Ni, Zn, As, and Pb) also were analyzed. The accuracy of elemental analysis was checked with MESS-2 sediment analytical 

standard reference material. The recovery elements rates were almost equal to certified values and the standards were ranged between 

93% and 100% (Table 1).  

2.4 EFs 

The EFs is estimated by dividing the normalized sample element with the background value and the equation is as follows: 

 

Where: Metal is the concentrations of a particular metal in the sample and crust. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

5 

 

The average value of the earth’s crust is obtained from the Taylor study (1964) and this study represents the average composition of 

the exposed (weathering) surgical rocks. The EF values are close to concord point of crustal origin and the elemental enrichment is 

ranging from: 

0 to 1—Background concentration,  

1 to 2—Minimal enrichment,  

2 to 5—Moderate enrichment,  

5 to 20— Significant enrichment,  

20 to 40 —Very rich enrichment,  

>40 — Extremely high enrichment. 

 EF values >10 are considered to be a non-crustal source. 

2.5 Geo accumulation index 

The trace element contamination in the sediment is determined by using the geo accumulation index (Igeo). This index is calculated by 

assessing the present element concentrations with the average values of  the upper crustal.  The formula for the calculation of Geo 

accumulation (Igeo) is as follows (Muller, 1969):  

 

Where: Cn is the concentration of examined metal “n” in the sediment sample. Bn is the geochemical background of the metal “n”. 

Factor 1.5 is used to regulate the data for lithogenic variations in the environment. In this study, the crustal average values were 

considered as a background value (Taylor and Mclennan, 1995).  

Igeo classes are classified as follows: 0 – 1 = Unpolluted to moderately pollute; 1–2 = Moderately pollute; 2–3 = Moderately 

pollute to strongly pollute; 3–4 = Strongly pollute; 4–5 = Strongly pollute to extremely pollute; >5 = Extremely pollute. 

2.6 CF 

The trace element contamination was analyzed by CF (Hakanson, 1980). The CF is calculated based on the following equation: 
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Where: CF < 1 is refer to be a particular metal, the low contamination is 1 ≤ CF, the moderate contamination is CF < 3, considerable 

contamination is 3 ≤ CF ≤ 6 and very high contamination is CF > 6. 

 2.7 PLI 

The PLI calculation was used to estimate and compare the elemental pollution in the sediment (Tomlinson et al. 1980). The sediment 

pollution level is calculated by the PLI method, the PLI formula is as follows  

 

Generally, the PLI is classified into two categories: The first category (PLI < 1) indicates unpolluted and the second category (PLI > 

1) indicates polluted. 

2.8 SPI 

The SPI calculation is used to assess elemental concentration and their toxicity from sediment samples and the formula for SPI 

analysis is as follows (Singh et al. 2002)  

 

 

 

To calculate the SPI values, the toxicity value of elements were classified based on their toxicities to the environment. Toxicity 

weightage 1 was assigned for Cr and Zn, 2 for Ni and Cu, 5 for Pb, 10 for As, and 30 for Cd (Hakanson, 1980). From the above-

mentioned equation, the EFM is the ratio between the measured elemental concentration (Cn) and the background elemental 

concentrations of the continental crust (Cr). Wm is the toxicity weight and the SPI calculation indicates 0 to 2 = natural sediment, 2 to 

5 = less polluted sediment, 5 to 10 = moderately polluted sediment, 10 to 20 = highly polluted sediment and >20 = hazardous 

sediment. 
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2.9 ER index 

The ER index was first developed by Hakanson (1980) and widely used to analyze heavy metals in the sediment samples. The 

potential ecology risk (PER) method is a comprehensive method to estimate heavy metals in the sediment samples. There is a chance 

of heavy metal contamination from seawater to sediments. Therefore, the Risk Index (RI) must be calculated before the calculation of 

the Potential Ecological Risk Index.  

The PERI is calculated using the following equations: 

 

 

 

 

Where: RI is the sum of potential individual elements risk,  is the PERI of multiple metals and an individual element,  is the 

toxic-response factor for a given particular heavy metal,  is the CF,  is the present concentration of the element in sediments, and 

 in the background concentration of the element in sediments. Hakanson suggested the toxic-response factor for every element. 

2.10 Statistical analysis 

The analytical results were analyzed statistically. To identify the significant relationship between the trace metals and 

environmental parameters, the cluster analysis and principal component analysis (PCA) were performed using IBM SPSS (version 

22), Primer version 8 software, and Microsoft Excel, 2013 package. 

2.11 Spatial distribution map  
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In the recent years, GIS software are widely used in generating spatial distribution of trace elements in coastal environments 

(Sankar et al., 2018; Krishnakumar et al., 2017). In our present study, we have used Kriging interpolation technique in ArcGIS 10.2 

software to visualize the spatial pattern of different trace elements concentration of south Andaman island.  

 

3. Results and discussion 

A total of 23 surface sediment samples were collected from intertidal areas of different ecosystems in and around SAI. Which 

include coral reefs, mangroves, seagrass, tourism beaches, and undisturbed coastal areas.  

3.1 Sediment textural analysis 

The sediment granulometry study was adapted with a sand fraction (>63 µm), silt fraction (4–63 µm) and clay (<4 µm) 

fraction (Table 2 and Figure 2). According to Folk and Ward nomenclature, this study result showed that the sediment samples were 

consist of 47.82% sand, 8.69% silt,  21.73% clayey silt,  17.39% silty clayey sand, and 4.34% clayey. Moreover, this result suggests 

that the relationship between site-specific ecosystem and grain size is good (Table 2). The maximum clay (93%) content was noticed 

in high anthropogenic areas such as nearby Port Blair municipal areas (stations 2, 3, 9, 10, 11, and 17), shallow regions of Haddo Bay 

and off Flat bay. The finer sandy sediments were noticed at coral reefs area (off Wandoor, Sts. 4, 5, 11, 12, 14, 15, 20, 22, and 23) 

which belongs to the marine national park (protected area). The carbonate content was ranged between 0.20% and 11.0%, and the 

average value was 5.28%. The obtained results of textural analysis and the concentrations of organic matters (OM), CaCO3 (Tables 2), 

and trace elements are displayed in spatial maps. The higher percentage of carbonate content could be due to the availability of 

medium to fine-grained sand particles with shell fragments (Table 2 and Figure 3). The carbonate concentration is mainly controlled 

by the calcareous lithic fragments, fragmented coral debris and coral sand particles.  

The amounts of OM in the sediment samples were ranged between 0.69% and 3.37%, and the average value was 1.73% (Table 

2 and Figure 4). The OM in the near urban areas (2, 3, 9, 10, 15, and 18) was showed high values than the other study areas. 

Moreover, the mangrove-associated areas and settlement areas (muddy environment) were showed high values of OM. Whereas the 

sandy areas of the coral reef environment were showed low values.   
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 The OM distribution was controlled in the vicinity by a finer fraction of sediments which brought through land runoff 

(channels and domestic wastes). Also, these OM values were mapped by using geospatial analysis and results were illustrated by the 

spatial distribution patterns (Figures 3 and 4). The enriched OM was recorded from the Port Blair region, which is experience with 

high anthropogenic activities (land runoff) and having fine sediment texture. A high concentration of CaCO3 was recorded from the 

Mahatma Gandhi Marine National Park (MGMNP), where the coral reef ecosystem is healthy and having medium/fine-grained sand 

particles (Figure 3). Moreover, the high concentration OM was recorded from the mangrove environment where the sediments are 

muddy nature. This result could be due to the high sorption and affinity of OM in the finer sediment (silt + clay; Figure 4). Similar 

results were reported in earlier studies from the east and west coast of India (Jayaprakash et al., 2008; Alagarsamy and Zhang, 2010; 

Kasilingam et al., 2016; Sankar et al., 2018; Godson et al., 2018; Anbuselvan et al., 2018). 

3.2 Trace elements 

The geochemical data are important to assess the concentrations of contaminated and uncontaminated sediments (Covelli and 

Fontolan, 1997; Rubio et al., 2000; Sakan et al., 2009). During this study, the concentrations values of elements from different 

sediments samples were ranged as Fe (7,155–32,370 ppm), Mn (216–940 ppm), Cu (12–130 ppm), Cr (87–887 ppm), Co (2–100 

ppm), Ni (21–607 ppm), Pb (10–29 ppm), Zn (23–127 ppm), and As (7–21 ppm). According to the concentration, the elements are 

order as Fe > Mn > Cr > Ni > Zn > Cu > Co > Pb > As. These results were normalized against the average upper continental crust 

(UCC) values and the results show that the sediments are enriched with Pb, As, Cr, Co, and Ni, which could be due to geogenic and/or 

high anthropogenic inputs, However, the values of Fe, Mn, Cu, and Zn were depleted in the sediments and this could be due to less 

anthropogenic and geogenic sources (Figure 5). Besides, the trace elements and pollution level in the marine sediments are well 

studied in the coast of Bay of Bengal than the Andaman Sea (Jayaprakash et al., 2008; Alagarsamy and Zhang, 2010; Kasilingam et 

al., 2016; Nethaji et al., 2010; Godson et al., 2018;  Anbuselvan et al., 2018). 

 

3.3 Estimation of environmental pollution 
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EF is a useful indicator to understand the contamination in the marine environment and distinguish the origin of heavy metals 

from several anthropogenic sources. The Fe was used to normalize the heavy metal contaminants in various studies (Schiff and 

Weisberg, 1999; Baptista-Neto et al., 2000; Mucha et al., 2003). Similarly, we also used Fe as a conservative tracer in this study. The 

EF was analyzed for each studied metals using global average scale values and regional pristine background values (Wedepohl, 1995; 

Ergin et al., 1991; Abrhim and Parker, 2008). Excluding the inner Bay (nearby Port Blair), The EF results of the sediment samples 

have come under the natural enrichment category. Nevertheless, 75.23% of the samples were grouped under the moderate to 

extremely enriched categories (study sites surrounding the inner Bay and Port Blair) and 25% of the samples were under significant 

enrichment category. The mean enrichment of the heavy metals were decreased in the order of As (15.89) > Cr (8.45) > Pb (4.32) > Ni 

(2.88) > Co (2.25) > Zn (2.20) > Mn (2.10) > Cu (1.82) (Figure 6) and the EF values were showed only for Cr (8.45), which belongs 

to a significant enrichment category.  

The trace elements such as Zn, Mn, Co, Pb, Cu, and Ni were grouped from no significant enrichment to moderate enrichment 

category; this indicates that Cu, Zn, and Mn were primary sources from volcanic soil. The Pb and Co were grouped under the 

moderate enrichment category from non-crustal sources and the enrichment levels of A and Cr were most significant in the study 

samples. The higher EF values were recorded at St. 2, 3, 20, and 23 which are located in the inner Bay and harbour areas of Port Blair. 

Whereas there was no enrichment of heavy metals in the outer Bay at stations (St. Nos. 4, 5, 10, 15, and 16), protected areas (Marine 

National Park: St. Nos. 6, 7, 14, 18, and 21).  

3.4 Geoaccumulation Index 

According to Macias et al. (2006) and Nobi et al (2010), the pollution rank may be classified in an Igeo scale range from 1 to 6 

(i.e., Igeo <0–1) is unpolluted to moderately polluted, Igeo <1–2 is moderately polluted to highly polluted, Igeo <3–4 is highly polluted, 

and Igeo >5–6 is extremely polluted). The average Igeo values of the studied heavy metals suggested that all the elements belong to the 

unpolluted category except Cr and As (Figure 7). The mean Igeo values of heavy metals were decreased in the order of As (1.90) > Cr 

> (1.06) > Pb (0.97) > Cu (0.06) Co (−0.03) > Ni (−0.71) > Zn (−0.76) > Mn (−1.087) > Fe (−1.849). Moreover, the Igeo values were 
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showed that the samples are contaminated by As and Cr, which indicates the moderately polluted category 2 and the Igeo values of this 

study are similar to the results obtained by Nobi et al. (2010). These (Igeo) results indicate that the surface sediments in the coast 

((inner bay stations) and ecological sensitive areas (ESAs: seagrasses and mangroves) of south Andaman Island are moderately 

polluted to strongly polluted (Igeo <1 to 2) along with the metals such as As, Cr, Pb, and Cu, a similar results also were reported earlier 

form the study area by Nobi et al. (2010). Moreover, the values of As showed a significant concentration to cause a toxic condition in 

marine organisms such as benthic communities (corals, seagrasses, mangroves, and seaweeds) and their associated fauna. The 

uncontaminated elements such as Fe, Mn, Cu, Co, Zn, and Ni are primarily derived from the natural geological origin and/or soil 

substrates (Nobi et al. (2010). The sources of As, Cr, Pb, and Cu contamination are mainly due to urbanization, mining, shipping 

activities (harbor), painting (anti-fouling paints for boats and ships), agriculture activities (fertilizers and pesticides) and anthropogenic 

activities (Rahaman et al., 2007; Ranjan et al., 2008; Nobi et al., 2010). Besides the heavy metal deposition from tsunamigenic 

sediments and power generating diesel-burning combustion in the Port Blair are also could be a reason for the high values of Igeo, in 

the sediment samples. 

3.5 CF 

This study shows that individual heavy metals were enriched with different values such as Fe: 0.16–0.72, Mn: 0.31–1.34, Cr: 

1.21–8.87, Cu: 0.22–2.36, Co: 0.08–4.00, Ni: 0.66–1.55, Pb: 0.80–2.32, Zn: 0.33–1.81 and As: 3.89–11.67 (Figure 8). The results 

showed that low contamination (44.43%) metals were Fe, Mn, Cu, and Zn, relatively contamination (33.33%) metals were Co, Ni, 

and Pb and substantial contamination (11.11%) metals were As and Cr. 

The average CF values of heavy metals decreased in the order of As (5.80) > Cr (3.94) > Pb (1.53) > Co (1.18) > Ni (1.15) > Zn (0.99) 

> Cu (0.88) > Mn (0.77) > Fe (0.46) (Figure 8). The amount of pollution in the coastal sediments was quantified in previous studies by 

comparing with natural background values (Turekian and Wedepohl 1961; Macias et al., 2006; Nobi et al., 2010). To understand the 

heavy metals enrichment in the sediment samples, the CF values were estimated and the results elucidated that As, Cr, Pb, Co, and Ni 

are significant enrichment/contamination metals, whereas the other metals Zn, Cu, Mn, and Fe are lesser contamination to 
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uncontaminated conditions. Moreover, the inner Bay (Port Blair) sediments were found to be polluted with As, Cr, Pb, Cr, and Ni 

metals. This result indicates that the anthropogenic activities in the Port Blair are the major sources for heavy metal contamination in 

the inner Bay sediments. In the earlier study, Nobi et al (2010) also reported a similar result from the SAI coast.   

3.6 PLI 

The level of heavy metal pollution was calculated by using a simple method following Tomlinson et al. (1980). The PLI value 

represents the concentration of trace metal in the sediments compare with natural background values and represents a cumulative 

indicator for overall heavy metal toxicity in a particular sediment sample. The PLI value of <1 indicates the low value and >1 to >2 

values indicate the high value in the study area. The PLI value ranged between 0.60 and 1.92, with an average of 1.32. In this study, 

the PLI value suggests that 73.91% of the samples were extremely polluted and 26.08% were less polluted category (Figure 9). 

Further, the elemental contamination suggests that the study areas were contaminated by anthropogenic activities and land runoff 

(heavy rainfall: 3,000 mm/year) which brings untreated sewage into the marine environment. Moreover, the inner bay region of Port 

Blair (Sts: 1, 2, 3, 20, and 23, harbor areas and municipal areas) showed a considerable level of PLI. 

3.7 SPI 

The excess amount of heavy metals in the marine environment may cause pollution in the coastal ecosystems and affect the 

human population through various seafood. In this study, the SPI values were ranged between 2.08 and 4.77, with an average value of 

2.99. The SPI classification suggested that the studied sediments samples belong to the less-polluted category (Figure 10) and also the 

result show that the metal contamination in the study samples is not having any significant SPI impact. 

3.8 ER index 

This  is a powerful tool to assess the PER posed trace metals, in which mobility and bioavailability are considered 

(Zhang et al., 2017). The average values of As, Cr, Pb, Ni, Cu, and Zn in the sediment samples were 57.91, 7.88, 7.63, 5.73, 4.37, 

and 1.98, respectively. The mean crustal average is used to calculate the risk index factor for interpreting the potential impact on the 

ecosystem (Taylor, 1964; Li et al., 1986). The grade of the ER of single metal ( ) suggests that all the elements fall under the 
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low-risk category (Table 3 and Figure 11). Based on the classification of , As falls under (  −38.89 to 116.67) considerate 

ER (moderate category), and Cr, Pb, Ni, Cu, and Zn were at low ER. Moreover, the higher  values recorded at the inner bay 

region of Port Blair (Sts. 1, 2, 3, and 20) and mangrove creek areas (Sts. 9, 10, and 11). The results of potential ER for the 

elements in the study region suggest that 30.4% of the sediments are grouped under the less-risk category, and 69.56% of the 

sediments are grouped under the moderate-risk category (Figure 12). The toxic elements even at low concentrations may 

cause problems in fertilization, larval success, mortality, and cell damage to massive coral species in the reef ecosystem 

(Reichelt-Brushett and Harrison, 2004; Krishnakumar et al., 2015). Previous  studies were highlighted that coastal 

urbanization, domestic waste discharge, and recovery strategy near to the coastal region are having similar effects of pollution 

in the marine environment (Bai et al., 2010; Li et al., 2012; Zhang et al., 2017). The differences in heavy metal pollution levels 

and the geochemical speciation in the studied samples were due to the combined effects of natural geochemistry soil 

deposition and anthropogenic impact.  

3.9 Pearson correlation matrix 

The Pearson correlation matrix and factor analysis were made to explain the relationship between the studied heavy metals. 

The Pearson correlations results are given in Table 4. The trace metals such as Pb (r = 0.185), As (r = 0.185), Ni (r = 0.141), Zn (r = 

0.112), and Mn (r = 0.080) showed a weak correlation with sand and negative correlation with Fe (r = −0.181). The sediment samples 

grain size was analyzed to understand the concentration of heavy metals. The particle size of coastal and marine sediments play a 

significant role in the trace metals concentrations (Abrahim et al., 2007; Nobi et al., 2010). The OM showed high positive correlation 

with silt (r = 0.545); weak correlation with clay (r = 0.219). Whereas the elements As (r = 0.608), Zn (r = 0.410), Cu (r = 0.271), and 

Ni (r = 0.252) were showed high positive correlation with silt and negative correlation with the other metals (Table 4). These results 

represent that the fine particles adsorb the soluble metals from the natural environment and deposit them to the bottom of the surface 

sediments (Maher et al., 1999; Nobi et al., 2010). Moreover, these results illustrate that Zn, Cu, and Ni metals are having a well 

binding with the fine grain size particles. The high concentration of heavy metals in the inner bay and mangrove areas were due to the 
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silt and clay in nature of the sediment samples (Nobi et al., 2010). The CaCO3 showed positive correlation with trace elements Pb (r = 

0.404) and As (r = 0.338), and weak correlation with Mn (r = 0.078). The trace element Fe showed strong correlation with Cr (r = 

0.723), Co (r = 0.780), Cu (r = 0.769), and Zn (r = 0.773), and less positive correlation with Ni (r = 0.409). The Cr showed high 

positive correlation with Co (r = 0.904), Cu (r = 0.708), and Ni (r = 0.608), and positive correlation with Zn (r = 0.580) (Table 4). 

The bivariate correlation, eigenvalue, cumulative percentage, and extracted factor loading for each element and their 

significant values are given in Table 10. The extracted values of Principal component 1  (PC1) showed positive correlation with Cr 

(0.90), Cu (0.83), Ni (0.66), Co (0.93), and Zn (0.66). Similarly, PC2 showed positive correlation with silt (0.88), clay (0.66), OM 

(0.72), Fe (0.11), and Cu (0.12) (Table 5). The extracted factor values of PC1 and PC2 clearly expressed that the origin of the 

elements is derived from natural and external sources through the riverine process. Similarly, PC3 showed the positive correlation 

with Mn (0.93), Ni (0.12), Pb (0.26), As (0.70), and sand (0.10). A significant correlation was observed between Fe and sand, whereas 

silt showed a good correlation with all metals and a strong correlation with Sand (Figure 13). The distribution of As and Pb was 

possibly due to the discharge of sewage, terrestrial runoff, and anthropogenic activities. The analytical and statistical results 

clearly showed that the elemental compositions were brought through sediment transport from the terrestrial source, which could be 

due to the ophiolite sediment nature of the South Andaman.  

The Multidimensional scaling (MDS) results also overlaid with the PCA results (Figure 14), the results indicate that more 

concentrations of trace elements in stations 1, 2 and 3. A significant correlation was noticed between Fe and sand (Figure 14), 

Whereas silt was correlated with all metals and a strong correlation with sand (Figure 14). Besides, four clusters were formed with 

52% similarities, which represent the groups of study stations according to the grain size, OM, CaCO3, and trace elements (Figure 14). 

Among these, one cluster was formed with urbanization stations (Sts. 2, 3, 12, and 13) and the other clusters were formed with site-

specific ecosystem (like mangroves + discharge point (Sts.18, 20, 21, 22, and 23), coral reef environment (Sts. 5, 6, 7, 8, 9, 10, 11, and 

14), beach areas (Sts. 1, 4, 16, and 17 ), and seaweed ecosystem (St.15). However, the distribution of As and Pb was due to the 

discharge of sewage and anthropogenic activities and this result indicates that As and Pb were probably brought through the terrestrial 
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runoff. The previous studies on marine geochemistry suggest that the natural occurring of trace metals such as Cu, Fe, Mn, and Zn are 

essential micronutrients for plankton growth (primary productivities), algae, flower plants and fauna (Chinni et al., 2019). However, 

the excessive concentration of these metals may toxic to ecological functions and bioaccumulation (Nobi et al., 2010; Kasilingam et 

al., 2016; Sankar et al., 2018).  

In this study, the high concentrations of As, Cr, Pb, Ni, Cu, and Mn were noticed in the marine ecosystem of seagrass (St. Nos. 3 & 

11)  and mangrove environments (St. Nos. 1, 2, & 20) because  it acts as a trap for trace metals. Similar results were obtained by Nobi 

et al., (2010), Vignesh et al., (2016) in the SAI. The mean values of heavy metals in the present study area were compared with the 

other regions of India and worldwide (Table 6) and the comparison results from Indian regions indicate that the SAI coastal region 

remains in the moderately polluted category. Nonetheless, there are no large-scale industries in the South Andaman coast and the 

metal accumulation in the sediment samples could be due to anthropogenic activities, urbanization and agriculture activities. 

3.10 Specific comments to individual trace metal concentration in research sites 

The total trace element distribution was found to be higher in the Northern part (inner Bay side) than the Southwestern part of the 

study area.  The high concentration of trace metals in the inner bay of Port Blair is due to urbanization, domestic waste, and sewage 

discharges. Four trace metals such as Fe, Mn, As, and Cu were high concertation Flat Bay and Nave Bay, which could be due to 

anthropogenic activities and harbor activities. The sediment structure of Flat Bay and Nave Bay is highly silt and clay with a higher 

concentration of OM (Kasilingam et al., 2016; Godson et al., 20118; Anbuselvan et al., 2018). The distribution of trace metals is 

mainly controlled by land-based runoff, anthropogenic activities, and availability of volcanic rock (Bandopadhyan and Ghosh, 2015). 

3.10.1 Essential trace metals 

Fe, Cu, Mn, and Zn 

Fe 

Fe is a necessary trace metal for every organism and it is toxic if it exceeds to higher concentration (Chinni et al., 2019). The 

availability of Fe in the marine environment is mainly contributed by landward (Anbuselvan et al., 2018). The present study showed 
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that the Fe concentration was found to be maximum (32,154 ppm) at St.7 and minimum (7,122 ppm) at St.23, whereas the mean 

concentration (20,455 ppm) was within the natural background value (Fig. 15). The Pearson matrix analysis showed that a significant 

positive correlation between Fe and various elements such as Fe/Co (r=780), Fe/Zn (r = 0.773), Fe/Cu (r =0.769), Fe/Cr (r = 0.723) 

and Fe/Ni (r = 0.409; Table 4).The positive correlation of Fe with clay is could be due to the muddy nature of the sediments 

(Anbuselvan et al., 2018).  

Mn 

Mn is an essential metal, which used in different industries such as paint, stainless steel, and alloys. However, the excessive intake of 

Mn may cause a neurological-related problem in human bodies. In general, the Mn is associated with Fe element and not in free form 

(Godson et al., 2018). In this study, the Mn was found to be maximum (920 ppm) at St.10, where the river runoff comes from 

agricultural areas and a minimum (216 ppm) was found at St.5 (unpolluted beach), similar kind of report from seaweed was recorded 

in off Wandoor (Karthick et al., 2012). The Bivariate correlation matrix analysis revealed that Mn was significantly correlated with As 

(r = 0.536) and, positive correlation with Pb (r = 0.227) and OM (r = 0.105; Table 4). The mean value of Mn concentration (538 ppm) 

was within the natural background values (Fig.16). 

Cu 

Cu is an essential nutrient that is incorporated with metalloenzymes for hemoglobin formation, antioxidant, xenobiotic and 

carbohydrate metabolism (Squadrone et al., 2016; ATSDR, 2004). The higher concentration (130 ppm) of Cu was found in terrestrial 

runoff area catchment (at St. 9) and, the minimum concentration (12 ppm) was at St.3 and near to open sea (20 ppm). The mean value 

(48 ppm) is within the background values and the spatial distribution map of Cu was generated using the GIS platform (Figure 17). 

The correlation analysis suggested that the Cu is strongly correlation with Fe (r = 0.769), Zn (r = 0.619), Cu/Co (r = 0.802), and Cu/Cr 

(r = 0.708) and low to weak correlation with clay (r = 0.458; Table 4). The high concentration of Cu in the marine environment is due 

to mainly anthropogenic activities, terrestrial runoff, and urbanization. 

 Zn 
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Zn is commonly spread in the marine environment and plays a major role in physiological functions in marine organisms. However, 

the excess intake of Zn may cause severe neurological disorders (Hedera et al. 2009). The maximum concentration of Zn (127 ppm) 

was recorded at St. 1 (harbor area), minimum value (23 ppm) was recorded at St.22 (Marine National Park and off BoB) and the mean 

value was 70 ppm (Figure 18). Similarly, in seaweeds collected from Off wandoor has less concentrations of Zn metals in marine 

national park reported by Karthick et al., (2012).  The correlation analysis showed that Zn is strongly correlation with Fe (r = 0.773), 

Cu (r = 0.619), Zn/Co (r = 0.576), and Zn/Cr (r = 0.580) and low to weak correlation with sand (r = 0.112; Table 4).  

3.10.2 Minor essential trace metals 

Co, Cr, and Ni 

Co 

Co is an essential trace element in vitamin B12 which plays an important role in human and animal nutrition, blood pressure 

regulation and thyroid function (Squadrone et al., 2016). In marine ecosystems, the Co is playing an important role in phytoplankton 

growth and its a naturally available trace metal in the marine sediments with a crustal average of 25 ppm (Taylor, 1964; Kasilingam et 

al., 2016). The high concentration (100 ppm) of Co was recorded at St. 8, where the land-based freshwater discharge (carrying 

domestic wastage) and mangrove ecosystem (mud + clay) are existing. The minimum value (4 ppm) was recorded at St.22, where the 

Mahatma Gandhi Marine National Park (MGMNP: Red Skin Island) is located in the off BoB (Figure 19). The Pearson correlation 

matrix results showed that the Co metal is strongly correlated with Cu (r = 0.802), Cr (0.708) and Zn (r = 0.576), and low to weak 

correlated with clay (r = 0.458) and Fe (r = 0.409; Table 4)  

Cr 

The biological functional usage of Cr plays an essential role in glucose metabolism and the average usage requirement for the human 

is nearly 1 mg per day. Cr deficiency may cause disorders in glucose, lipids, and protein metabolism (Mertz, 1992; Squadrone et al., 

2016). In the present study, the results showed that high concentration (887 ppm) of Cr was recorded at St.8 (terrestrial runoff 

catchment; Fig. 20) and the minimum value (2 ppm) was recorded at St.22 and 23 (MGMNP). The high concentration of Cr in the 
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mangrove, seagrass, and coral reef environments are due to freshwater input, availability of OM, and geochemistry fraction (Nobi et 

al., 2010; Zhang et al., 2017). The mean value of Cr is 390 ppm and it is a high value than the basic values reported by Kasilingam et 

al. (2016). The correlation matrix results showed that Cr metal is strongly correlated with Co (r = 0.904), Fe (r = 0.723), Cu (0.708) 

and Zn (r = 0.580), and low to weak correlation with clay (r = 0.358; Table 4). The volcanic rock nature of the sediment samples also 

source for high values of Cr and the Cr values of EF, CF., and Igeo are indicate that the half of the sampling stations are moderately 

polluted in the Port Blair coast (South Andaman Island).  

 

Ni 

Ni is abundant in the marine environment and is essential for animal nutrition cycle. Like other trace elements, the studies on Ni 

elements are still scarce from the Indian coast and especially on the coast of the Andaman Islands. In recent years, the Ni value is 

increased in the marine environment and cause the genotoxic, immunotoxic and hepatotoxic effects by bioaccumulation. In addition, 

other disorders such as reactive oxygen species (ROS) deficiency in chronic granulomatous disease (CGD), risk of oxidative stress 

and Ni-induced carcinogenesis (Das, 2008). The distribution of Ni concentration in the study area was varied from 21 to 188 ppm with 

a mean value of 108 ppm. The maximum concentration (607–108 ppm) values were recorded at Sts. 5, 6, 8, 11, and 16, where there 

are high anthropogenic activities. The lowest concentration of Ni was recorded at St.22 and 23 (MGMNP; Fig 21). The natural sources 

of Ni are the geogenic soil of Ophiolite Group (volcanic rock/emission), forest fire, vegetation, and river runoff environment (Nobi et 

al., 2010; Anbuselvan et al., 2018). The correlation factor analysis showed that the Ni is strongly correlated with Co (r = 0.642) and Cr 

(r = 0.608), and low or weak positive correlated with Cu (r = 0.208), Zn (r = 0.221), and sand (r = 0.141; Table 4). The positive 

correlation between Ni and Fe (r = 0.409) indicate their affinity of binding with each other (Anbuselvan et al., 2018).  

3.10.3 Non-essential trace metals 

Pb, As, and Hg 

Pb 
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Pb is a very toxic and stable trace element, which impacts the flora and fauna of the marine ecosystem. The distribution of Pb in the 

study area is found to be high in the sand/beach environment. The Pearson matrix analysis showed a significant correlation between 

Pb and As (r = 0.334; Table 4). The average value of Pb (18.560) showed high enrichment in the urban nearby stations (Sts. No. 1, 2, 

and 3) than the natural background value of 12.5 ppm (Figure 22). The higher concentration of Pb in the Port Blair stations (St. Nos. 1, 

2, and 3) are due to the high anthropogenic activities/urbanization (vehicle transport) by using geogenic sediments of ophiolite 

(Oligocene deep-sea siliciclastic) and volcanic rocks (Bandopadhyan and Ghosh, 2015).  

 

As 

As prevails in the marine sediments and it’s a toxic form in the cell cytoplasm of flora and fauna by accumulation process. The 

sources of As in the marine sediments are natural (geogenic), anthropogenic activities such as urban discharges, agricultural materials, 

and mining, combustion, and industrial discharges. (Zhang and Wong, 2007; Squadrone et al., 2016; Krishnakumar et al., 2017; 

Godon et al., 2018). The present study showed that the highest concentration (21 ppm) of As was recorded at St.13 and the lowest 

value (7 ppm) was recorded at St.8 and 9 (Figure 23). The correlation analysis showed that As is strong correlated with Mn (r = 

0.536), positive correlation with CaCO3 (r = 0.338) and Pb (r = 0.334), and low or weak positive correlation with sand (r = 0.185). 

The results suggest that the sand sediments are positively correlated with As metals (Table 4). Hence, the natural sources such as 

geogenic sediments and volcanic rock leaching (St. No. 13) could be the reason for the high concentration of As in the study area 

(Havelock Island). Moreover, the moderate contamination was noticed in the study stations such as Sts.1, 2, 3, 17, and 11 (nearby 

Navy Bay), where the harbor actives and sewage discharge are taking place.  

4. Conclusion 

The sediment analysis showed that the samples are falling under the sand, silt, clayey silt, clayey sand, and silty clayey categories. 

These results clearly indicate that the South Andaman coastal environment is favorable for the deposition of fine to medium sediment 

fractions. The elevated content of carbonate was probably due to the availability of dead corals, invertebrate shell fragments in the 
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marine sediments. Similarly, OM content was derived from terrestrial runoff, mangrove surface soil (clay-humus) and mainly finer 

fractions of the sediments. The Fe and Mn contents revealed that these two elements were mainly controlled by geogenic sources in 

the study area. The overall EF values of the elements showed that the sediments were enriched with Pb, Cu, Zn, Cr, Co, Ni, and Fe. 

The pollution intensity PLI and SPI revealed that all the samples were grouped under moderately to unpolluted categories. Moreover, 

The Potential Ecological Risk Assessment Index showed a low risk of the sediments and the Igeo value showed that the sediments are 

contaminated by As and Cr. These metals contamination would be potentially toxic to the benthic organisms and bioavailabilities in 

the sediments. This study conclude that the distribution of total heavy metal concentration was found to be higher in the northern 

region (surrounding Port Blair coastal) than the southwestern region of South Andaman, which may be due to the occurrence of 

human settlement with high anthropogenic activities, harbour, small industrial and untreated sewage discharges caused by a lack of 

proper sewage treatment plant (STP). Hence, we suggest that the Andaman administration should implement a proper STP plan in the 

Port Blair area for conserving the marine environment.  
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Table 1 Comparison of MESS-2-certified values vs measured concentration of total trace elements 

Elements 
MESS-2 

Certified value Obtained value Recovery (%) 

Fe 4.34 ± 0.11 4.28 98.62 

Mn 324 ± 12 327.00 100.93 

Cr 105 ± 4 104.10 99.14 

Cu 33.9 ± 1.6 33.40 98.53 

Co 14.4 ± 2.0 13.98 97.08 

Ni 46.9 ± 2.2 45.80 98.28 

Pb 21.1 ± 0.7 21.95 104.03 

Zn 159 ± 8 155.00 97.48 

As 21.2 ± 1.1 19.88 93.77 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

29 

 

Table 2 Station number, sand, silt, and clay ratio of surface sediments in the research sites, South Andaman Island, India 

 

 Station 

number 

Sand 

(%) Silt (%) 

Clay 

(%) 

OM 

(%) 

CaCO3 

(%) Sediment type 

Nearby specific ecosystem 

environment 

1 96.30 03.70 0.00 2.27 6.00 Sand 

Land subsidence due to Tsunami 

impact 

2 02.60 97.00 0.30 3.37 4.00 Silt Sewage discharge points 

3 18.70 81.10 0.10 2.68 4.00 Silt 

4 100.00 00.00 0.00 1.47 11.00 Sand Beach tourism and coral reef 

ecosystem 5 100.00 00.00 0.00 0.91 1.50 Sand 

6 17.17 50.40 32.43 0.90 5.00 Clayey silt Mangrove ecosystem 

7 16.23 61.21 22.56 1.21 4.70 Clayey silt 

8 40.46 25.00 34.54 1.7 0.2 Silty clayey sand Mangrove ecosystem along with 

land river runoff discharge 

points 
9 39.46 27.00 33.54 2.5 0.2 Silty clayey sand 

10 36.29 29.31 34.41 2.9 0.6 Silty clayey sand 

11 96.50 03.50 0.00 1.60 7.00 Sand Healthy coral reef ecosystem 

with discharge point 12 91.00 07.86 01.14 0.69 10.62 Sand 

13 94.56 02.50 02.94 0.83 11.00 Sand 

14 52.66 18.90 28.44 1.37 5.65 Clayey sand ESAs  

(coral, seagrass, seaweed) 15 14.17 50.53 35.30 2.63 4.26 Clayey silt 

16 100.00 00.00 0.00 0.91 1.50 Sand Beach tourism activities 

17 98.70 01.30 0.00 1.22 4.00 Sand 

18 14.97 51.50 33.53 2.66 9.00 Clayey silt Mangrove ecosystem with 

discharge point 19 36.46 29.00 34.54 1.80 0.20 Silty clayey sand 

20 81.12 08.50 10.38 1.84 5.00 Sand 

Land subsidence -Tsunami 

impacted areas 

21 17.17 50.40 32.43 0.90 5.00 Clayey silt Mangrove ecosystem 

22 100.00 00.00 0.00 1.93 9.31 Sand Coral reef and beach areas 

23 96.00 02.50 1.50 0.85 11.00 Sand Coral reef and beach 
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Table 3 Indices and corresponding degrees of potential ecological risk (Hakanson, 1980) 

���  �� � 
Grades of ecological risk 

of single metal 
Risk Index (RI) value 

Grades of potential 

ecological risk of the 

environment Eri  < 40 Low risk RI < 150 Low risk 

40 ≤ Eri < 80 Moderate risk 150 ≤ RI < 300 Moderate risk 

80 ≤ Eri  < 160 Considerable risk 300 ≤ RI < 600 Considerable risk 

160 ≤ Eri  < 320 High risk RI ≥ 600 Very high risk Eri  ≥ 320 Very high risk   
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Table 4 Pearson bivariate correlation coefficient of studied sample sediment texture, organic matter with trace elements in surface 

sediments in the study areas 

 Sand Silt Clay OM CaCO3 Fe Mn Pb As Cr Co Ni Cu Zn 

Sand 1              

Silt −0.919 1             

Clay −0.711 0.377* 1            

OM −0.507 0.545** 0.219* 1           

CaCO3 0.388* −0.261 −0.447 −0.302 1          

Fe −0.181 0.431 0.348 −0.030 −0.613 1         

Mn 0.080 −0.031 −0.133 0.105* 0.078 −0.249 1        

Pb 0.185* −0.083 −0.287 0.105* 0.404 −0.532 0.227* 1       

As 0.185* 0.608 −0.327 −0.073 0.338 −0.261 0.536** 0.334* 1      

Cr −0.081 −0.093 0.358 −0.255 −0.539 0.723** −0.190 −0.506 −0.430 1     

Co −0.103 −0.053 0.337 −0.230 −0.604 0.780** −0.242 −0.562 −0.489 0.904** 1    

Ni 0.141* 0.252 0.035 −0.304 −0.367 0.409* 0.061 −0.269 −0.356 0.608** 0.642** 1   

Cu −0.141 0.271 0.458* −0.007 −0.640 0.769** −0.266 −0.592 −0.396 0.708** 0.802** 0.280* 1  

Zn 0.112* 0.410 −0.013 −0.111 −0.335 0.773** −0.296 −0.203 −0.177 0.580** 0.576** 0.221* 0.619** 1 

*Correlation is significant at the 0.1 level. 

**Bold values are denoted—correlation is highly significant at the above 0.5 level (two-tailed). 
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Table 5 Extracted factor loadings and communality values of sand, silt, clay, organic matter, and trace metal rotation-varimax with 

Kaiser normalization 

Parameters PC1 PC2 PC3 

Sand −0.07 −0.95 0.10 

Silt −0.10 0.88* −0.02 

Clay 0.34 0.66 −0.19 

OM −0.17 0.72 0.09 

CaCO3 −0.70 −0.45 −0.02 

Fe 0.87 0.11 −0.12 

Mn −0.08 0.02 0.93 

Pb −0.59 −0.14 0.26 

As −0.35 −0.13 0.71 

Cr 0.90 −0.04 −0.15 

Co 0.93 −0.01 −0.20 
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Ni 0.66 −0.24 0.12 

Cu 0.83 0.12 −0.24 

Zn 0.66 −0.18 −0.18 

Eigen values 5.59 2.93 1.28 

% of variance 39.91 20.92 9.11 

Cumulative % 39.91 60.82 69.93 

The bold values indicate that the values are high and significant. 
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Table 6 Comparison of trace elemental concentration with other coastal regions of India, all around the world and crustal average 

Study area References Fe Mn Cu Cr Co Ni Pb Zn 

South Andaman Island – SS Present study 20,455 538 48 390 30 108 19 70 

Andaman Islands Nobi et al. (2010) 2,636 52.68 10.6 22.1 NA 26.6 12 38.8 

Sundarbans wetland India – SS Jonathan et al. (2010) 4,457 393 37 14 NA  8.47 15.37 NA 

Hooghly River Estuary – SS Mondal et al. (2018) 25,050 517 33 29 NA 27 14 53 

Bay of Bengal Sarin et al. (1979) 39,000 NA 26 84 NA 64 NA NA 

Bay of Bengal – SS Anbuselvan et al. (2018) 7,144 NA 76 110 52 28 50 78.76 

Bay of Bengal – SS Jingrui et al. (2017) 4.25 0.68 71.56 90.38 28.2 99.96 NA 112.38 

Bay of Bengal – SS Selvaraj et al. (2004) NA 356 20 24 9 30 16 71 

Southeast coast of India – SS Raj and Jayaprakash (2007) 27,200 373 506 194.8 NA 38.61 32.36 126.8 

East coast of India Alagarsamy and Zhang (2010) 85,800 NA 140 133 98 81.76 NA NA 

Southeast coast of India – SS Jayaprakash et al. (2016) 10,982 291 40 127 7.4 39.2 33.9 37.7 

Parangipettai coast – SS Sundarmanickam et al. (2016) 11,804 45 31 77.8 NA 25.21 30.12 45 

Palk Strait – SS Kasilingam et al. (2016) 55,680 661.4 69.07 302.3 NA 27.87 19.52 244.19 

Van Island, GoM – SS Krishnakumar et al. (2017) 31,218 162 58 108 NA 110 348 52.5 

Koswari Island, GoM – SS Krishnakumar et al. (2017) 30,988 147 54 67 NA 93 467 17 

Tuticorin Coast – SS Magesh et al. (2013) 28,717 330 52 15 NA 30 42 247 

Gulf of Mannar (GoM) – SS Jonathan et al. (2004) 12,600 305 57 177 NA 24 16 73 

Gulf of Mannar – SS Jonathan and Mohan (2003) NA 296 NA 167 NA 24 16 73 

Singapore coast Cuong et al. (2008) NA NA 8.7 43 NA 20 0.06 52.01 

Arabian sea (UAE coast) Fahad et al. (2014) 4,100 120 18 130 NA 6 12 457  

Malaysia coast Sany et al. (2013) NA 219.1 24.89 60.19 NA 13.9 96.02 72.2 

Pacific coast of Mexico Sujitha et al. (2018) 9,745 123 3.98 227 8.57 16.13 10.23 14.12 

Crustal average Taylor (1964) 44,900 700 55 100 25 75 12.5 70 

SS-surface sediments; GoM – Gulf of Mannar; NA-not available; all the elemental concentrations are expressed in μg/g. 
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Figure 1 Location map of the study area and sampling locations. 
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Figure 2 Ternary diagram for sand–silt–clay distribution in the study areas. 
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Figure 3 Spatial distribution map of carbonate (CaCo3) using Kriging method interpolation in 

ArcGIS software. 
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Figure 4 Spatial distribution map of organic matter (OM) using Kriging method interpolation in 

ArcGIS software.. 
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Figure 5 Average Upper Continental Crust (UCC) normalized values. 
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Figure 6 Enrichment Factor. 
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    Figure 7 Geoaccumulation Index. 
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    Figure 8 Contamination Factor. 
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Figure 9 Pollution Load Index. 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Sediment Pollution Index. 
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Figure 11 Ecological Risk. 

 

 

Figure 12 Potential Ecological Risk. 
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Figure 13 Principal component plot of elements in rotated matrix. 
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Figure 14 MDS of trace element concentration observed in the research sites (A) and cluster 

analysis of surface sediments of research sites from Bay of Bengal (Bo and Andaman Sea (AS). 
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Figure 15 Spatial distribution map of iron (Fe) (ppm) using Kriging method interpolation in 

ArcGIS software. 
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Figure 16 Spatial distribution map of Manganese (Mn) (ppm) using Kriging method 

interpolation in ArcGIS software. 
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Figure 17 Spatial distribution map of Copper (Cu) (ppm) using Kriging method interpolation in 

ArcGIS software. 
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Figure 18 Spatial distribution map of Zinc (Zn) (ppm) using Kriging method interpolation in 

ArcGIS software. 
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Figure 19 Spatial distribution map of Cobalt (Co) (ppm) using Kriging method interpolation in 

ArcGIS software. 
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Figure 20 Spatial distribution map of Chromium (Cr) (ppm) using Kriging method interpolation 

in ArcGIS software. 
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Figure 21 Spatial distribution map of Nickel (Ni) (ppm) using Kriging method interpolation in 

ArcGIS software. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

 

Figure 22 Spatial distribution map of Lead (Pb) (ppm) using Kriging method interpolation in 

ArcGIS software. 
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Figure 23 Spatial distribution map of Arsenic (As) (ppm) using Kriging method interpolation in 

ArcGIS software. 
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Highlights;

 23 surface sediments were collected to evaluate the trace elemental concentration and 

its associated ecological risk of tropical South Andaman Islands, India.

 The marine pollution indices such as Enrichment Factors, Geoaccumulation Index, 

Contamination Factor, Pollution Load Index, and Sediment Pollution Index (SPI).

 To assess the spatial distribution of trace metals concentration of the research sites 

using GIS and remote sensing technology.

 To identify  the  vulnerability  site  of  heavy metal  concentration  of  the  studied  site

would help the policy maker/ environmental managers and take appropriate remedial

effort to protect the pristine tropical island coastal ecosystem.

 The present study contributed to baseline data for understanding the coastal waters of

South Andaman Islands.
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A R T I C L E I N F O
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A B S T R A C T

The concentration of Acid Leachable Trace Metals (ALTMs) was assessed in urbanized tourist beaches (96
samples from Marina beach, 34 samples from Edward Elliot's beach, and 28 samples from Silver beach) of
southeast coast of India. The concentration of metals accumulated in the beach sediment was less than the Upper
Continental Crust (UCC) background reference values. The mean enrichment of ALTMs in the studied urban
tourist beaches showed the following descending order: Marina beach –
Cr > Pb > Ni > Zn > Cu > Mn > Co; Edward Elliot's beach –
Cr > Pb > Ni > Mn > Co > Zn > Cu; Silver beach – Cr > Pb > Ni > Co > Mn > Cu > Zn. The
ALTMs such as Fe, Mn, Co, Cu, and Zn were probably derived from natural weathering and mild anthropogenic
influences whereas other metals were derived from anthropogenic induced factors.

Heavy metals in beach sediments can be derived from natural
weathering processes and anthropogenic sources (Bartoli et al., 2012).
The nature of the sediments, grain size, properties of adsorbed particles,
and metal characteristics control the mobility and accumulation of
metals in sediments (Bastami et al., 2014). The rapid urbanization and
industrialization close to coastal aquatic regions are the chief sources of
metal pollutants (Gutiérrez-Mosquera et al., 2018). During the coastal/
estuarine mixing process, the dissolved metals are transported and ac-
cumulated quickly by the water column and are adsorbed by the par-
ticulate matter through various physico-chemical processes. They keep
moving from the water column to the sediments due to change in pH
and salinity variations (Boyle et al., 1977). Besides, the environmental
condition also plays a strong influential role in the accumulation and
release of metals because they are often associated with organic matter,
absorbed on FeeMn hydroxides, or precipitated as hydroxides, sulfides,
and carbonates (Forstner, 1983; Jayaprakash et al., 2014). The libera-
tion of acid leachable trace metal (ALTM) fraction from the sediments
depends on the association of elements with particles, on binding

strength, and on water properties such as pH, redox potential, salinity,
and dissolved metal species which are in touch with the solid phase
(Filgueiras, 2004). Previous researches have proved that the acid
leachable technique is effectively adopted as the fundamental method
to determine metal concentrations for evaluating the potential en-
vironmental and ecotoxicological impacts in beach sediments
(Jayaprakash et al., 2008; Ayyamperumal et al., 2006; Jonathan et al.,
2010; Nagarajan et al., 2014; Gutiérrez-Mosquera et al., 2018). Various
acid leaching techniques have been followed to study the sediment
accumulated elemental concentration such as use of 0.5 N HCl
(Agemian and Chau, 1976); sequential extraction technique (Tessier
et al., 1979); use of different combinations of HNO3, HCl, HClO4, and
HF (Barau, 1982); use of HNO3-HCl combination (USEPA, 1992); and
single extraction by HNO3 (Gismera et al., 2004).

The study area is located on the southeast coast of the Indian
Peninsula and forms a part of the Coromandel Coast, Bay of Bengal. It is
the second-longest coastline in the country, and the coastal stretch
extends about 1076 km from Pazhaverkadu near Chennai to Ezhudesam
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of the district of Kanyakumari (Chandrasekar, 2017). Among the tourist
beaches, Marina beach and Edward Elliot's beach are situated near
Chennai, and Silver beach is situated near Cuddalore. The total length
of Marina beach is nearly 12 km and it extends from Besant Nagar in the
south to Fort St. George in the north. The average width of Marina
beach is 300 m and the width at the widest stretch is 437 m. However,
in the present study, the sampling points cover the regions from the
Cooum River mouth to the lighthouse (2.84 km). The annual average
rainfall of Chennai is about 1400 mm, and it receives rainfall mostly by
North-East monsoons from September to December. Two ephemeral
streams run through the Chennai urban area, namely Cooum River in
the central region and Adyar River in the southern part. These two
rivers are heavily polluted with effluents and trash from domestic and
commercial sources (Giridharan et al., 2010). Similarly, the total length

of Edward Elliot's beach is 810 m, and the average width ranges from
195 to 240 m. Silver beach is situated at the mouth of river Gadilam and
the length and width of the beach is 510 and 105 m, respectively. In
India, ecotoxicological impact studies in a beach environment using
weak acid extraction method (ALTMs studies) are very limited
(Santhiya et al., 2011; Suresh et al., 2015). However, acid leachable
techniques were applied in different fields and applications, including
monsoon prediction and pollution monitoring (Yang et al., 2014; Grotti
et al., 2013; Rodríguez-Espinosa et al., 2018). Under these circum-
stances, the present work aims to generate baseline data for under-
standing metal enrichments in various urban tourist beaches (Marina
beach, Edward Elliot's beach, and Silver beach), Southeast coast of
India.

In total, 158 beach sediments were collected using a grid sampling

Fig. 1. a, b & c. Sampling location and study area map of the urban beaches (Marina beach, Edward Elliot's beach, and Silver beach), Southeast coast of India.
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method from urban tourist beaches (96 samples from Marina beach, 34
samples from Edward Elliot's beach, and 28 samples from Silver beach)
(Fig. 1a, b & c). The beach sediments were collected in pre-cleaned and
properly labeled polyethylene bags using a plastic spatula to avoid
contamination. The sediments were oven-dried below 40 °C for further
analysis. The ALTMs Fe, Mn, Pb, Zn, Cr, Cu, Co, and Ni were analyzed
based on the modified EPA 3051A method as suggested by
Vetrimurugan et al. (2016). An acid mixture of HNO3 + HCl (9:3 ratio)
was used to digest the dry beach sediments in a Teflon beaker covered
with a marine grade stainless steel jacket at 119 ± 1.5 °C for 40 min,
and the final solution was made up to 50 ml after filtration using
Whatman® filter paper- Pore size 100 μm (Navarrete-López et al.,
2012). The extracted solution was analyzed using a Graphite Furnace
Atomic Absorption Spectrophotometer (Perkin Elmer-PinAAcle

900AA). The accuracy of the elemental analysis was cross-checked with
analytical standard reference material (SRM-MESS-2), and the re-
coveries were almost equal to that of the certified values. The standard
reference material output and recovery percentage are given in Table 1.
The recovery efficiency of the studied elements ranged from 96.2 to
99.57% and the accuracy level of the elemental analysis was within the
range of 0.86 to 3.77%. The detection limit of the analyzed elements
was 0.01 μg/g for Fe, Zn, Cr, Cu, and Ni; 0.02 μg/g for Mn; and 0.05 μg/
g for Pb. SPSS software package (SPSS, 2001) was used to process the
analytical data sets and identify the relationship between analyzed
elements. The distribution of the ALTMs in the beach sediments was
plotted in geospatial maps using ArcGIS 10.3. The sediment pollution
indices (Enrichment factor, Geo-accumulation index, Contamination
factor, Sediment pollution index, and Potential ecological risk index)

Fig. 1. (continued)
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were used to assess the ecological risk status of the beach sediments.
The distribution patterns of ALTMs in the three beaches (Marina

beach, Edward Elliot's beach, and Silver beach) are shown in geospatial
maps (Fig. 2a, b & c). The concentration of ALTMs was recorded in the
following descending order (all values in μg/g): Marina beach - Fe >
Mn > Cr > Zn > Pb > Ni > Cu > Co; Edward Elliot's beach -
Fe > Mn > Cr > Pb > Zn > Ni > Co > Cu; Silver beach -
Fe > Mn > Cr > Ni > Pb > Zn > Co > Cu. The sequential
order of the element distribution was same for all the studied beaches
except a few differences. The elemental accumulation in beach sedi-
ments was compared with the mean UCC data. The comparative results
suggested that all the elements were less than the continental crust
average value.

The minimum and maximum values of ALTMs in Edward Elliot's
beach are as follows (in μg/g): Fe (866.65 and 3699.73), Mn (64.48 and

Fig. 1. (continued)

Table 1
Comparison of MESS 2 certified values for total trace elements.

Elements Certified standard reference material - MESS 2

Obtained value Certified value % Recovered

Fe 4.25 4.34 97.93
Cr 104.1 105 99.14
Mn 322.6 324 99.57
Ni 45.3 46.9 96.59
Cu 33.2 33.9 97.94
Zn 153 159 96.23
Pb 21.9 22.3 98.21
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112.47), Cr (22.03 and 85.25), Cu (0.43 and 11.49), Zn (1.23 and
23.19) and Pb (5.10 and 14.29). The high value of Fe, Mn, Cr, and Cu
was noticed at sampling point 10 and nearby areas, most probably due
to beach nourishment, land fillings, and reclamation activities (Suresh
et al., 2015; Vetrimurugan et al., 2016). Similarly, high concentration
of Pb was noticed in the northern part of Elliot's beach, which may be
attributed to the application of leaded petrol and anti-biofouling paints
in the boat mooring area. The concentration of ALTMs (in μg/g) in the
Marina beach ranged from 811.20 to 2121.49 for Fe, from 17.74 to
86.15 for Mn, from 2.67 to 8.50 for Ni, from 0.02 to 2.09 for Co, from
0.55 to 10.22 for Cu, from 24.32 to 53.81 for Cr, from 1.82 to 23.13 for
Zn, and from 2.03 to 11.10 for Pb. The elevated concentration of Co was
noticed at Silver beach, especially in the northwestern part of the beach
(2.9 μg/g).

The metal concentrations reflect the naturally available mineral
composition in the sediments as well as the anthropogenic influences in

the coastal environment. The enriched toxic metals in the environment
pose a problem in coastal areas. To evaluate the metal concentration in
sediments, a wide range of enrichment and toxicity indices have been
applied to screen sediment metal concentrations of environmental
concern. The enrichment factor can be used to distinguish natural
contamination and anthropogenic induced pollutants (Zhang and Liu,
2002). The equation for the enrichment factor is expressed as follows:

Metal Ref
Metal Ref
( / )
( / )

sediment

Background (1)

In the above mathematical expression, Al or Fe is used as a geo-
chemical normalization element because both elements are abundant in
the earth's crust (Hill, 2010; Martin and Whitfield, 1983). For the
present investigation, the local background normalization value is not
available. Hence, the upper continental crust values (Wedepohl, 1995)
have been used as background values. The enrichment factor indicates

Fig. 2. a, b & c. Spatial distribution map of ALTMs (Fe, Mn, Pb, Zn, Cr, Cu, Co, and Ni) in the urban beaches (Marina beach, Edward Elliot's beach, and Silver beach),
Southeast coast of India.
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the degree of metal enrichment in the sediments and is classified in the
following way: 0–1 for background concentration or no enrichment,
1–3 for minor enrichment, 3–5 for moderate enrichment, 5–10 for
moderately severe enrichment, 10–25 for severe enrichment, 25–50 for
very severe enrichment, and>50 for extremely severe enrichment. The
enrichment factor results show that the values fall widely from minor
enrichment to severe enrichment (Table 2). The mean enrichment of
the ALTMs in the studied urban tourist beaches shows the following
descending order:Marina beach –Cr > Pb > Ni > Zn > Cu > Mn >
Co; Edward Elliot's beach – Cr > Pb > Ni > Mn > Co > Zn >
Cu; and Silver beach – Cr > Pb > Ni > Co > Mn > Cu > Zn.
The minor to moderate enrichment of the ALTMs (Fe, Mn, Co, Cu, and
Zn) in the beach sediments is probably derived from the natural
weathering process and mild anthropogenic influences. However, other
ALTMs like Ni, Cr, and Pb are chiefly derived from anthropogenic im-
pacts like draining of industrial effluents through river mouth, appli-
cation of leaded petrol, and chromic anti-biofouling paints in the beach
environment.

The geo-accumulation index (Igeo) has been proposed by Muller
and Suess (1979) to assess the degree of metal contamination in the
sediments. Based on this equation, the geo-accumulation level is as-
sessed through comparison of the present day contamination level with
the background concentration. The mathematical formula for geo-ac-
cumulation index classes is given below.

=
×

Igeo Log Cn
Bn1.52 (2)

In this formula, Cn represents the concentration of the examined
element n in the sediments and Bn represents the geochemical back-
ground concentration of the element n of crustal average (Wedepohl,
1995). The background value/continental crustal average value is
multiplied by 1.5 to allow content fluctuations and the effect of very
small anthropogenic activities. The geo-accumulation index is 0 – un-
polluted; 0–1 unpolluted to moderately polluted; 1–2 moderately pol-
luted; 2–3 moderately polluted to strongly polluted; 3–4 strongly pol-
luted; 4–5 strongly polluted to extremely polluted; and> 5 extremely
polluted. The calculated geo-accumulation index suggests that all the
metals belong to the unpolluted category.

In order to identify the pollution level in beach sediments, the
contamination factor analysis was used which has been proposed by
Tomlinson et al. (1980) and it is expressed as:

=CF C
C

metal

background (3)

The contamination factor is obtained by dividing the concentration
of each element in the beach sediments by the background value (UCC
average - Wedepohl, 1995). Here, CF represents the contamination
index of the single element. The sum of each element in the con-
tamination index represents the contamination degree of the environ-
ment (Hakanson, 1980). The scale for degree of contamination is

Fig. 2. (continued)
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classified in the following way (Muller, 1979): 0 - none, 1 - none to
medium, 2 - moderate, 3 - moderately to strong, 4 - strongly polluted, 5
- strong to very strong, 6 - very strong. The contamination factor (CF)
suggests that all the elements of urban beaches have none to medium
degree of contamination except Cr. With regard to Cr, nearly 55.2% of
the samples fall under the none to medium category and 44.7% of the
samples fall under the moderate category in Marina beach. However,
76.4% of the samples are grouped under the none to medium category,
20.5% of samples fall under the moderate category, and 2.9% of the

samples fall under the moderate to strong category in Edward Elliot's
beach, whereas 42.8% of the samples fall under the none to medium
category and 60.7% of the samples indicate moderate degree of con-
tamination in Silver beach.

The metal concentration and their bio-toxicity values are sub-
stituted to assess the sediment pollution index (SPI) as suggested by
Singh et al. (2002). The SPI value is obtained from the following ex-
pressions:

Fig. 2. (continued)
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=EF C C/m n r (4)

∑ ∑= ×SPI EF W W( )/m m m (5)

The toxicity weight is assigned to elements based on the toxic effect
they have on the environment. According to Hakanson (1980), the
maximum toxicity weight of 5 is assigned for Pb and Co, 2 for Cu and
Ni, and 1 is assigned for Cr and Zn. In this expression, EFm is the ratio
between the observed elemental concentration, Cn is the background
elemental concentration of the continental crust, Cr is the observed
elemental concentration and Wm is the toxicity weight. The sediment
pollution index (SPI) classes used in this study are defined in the fol-
lowing way: 0–2 natural sediment, 2–5 low polluted sediment, 5–10
moderately polluted sediment, 10–20 highly polluted sediment,
and> 20 dangerous sediment. All the elements of urban beaches be-
long to the natural sediment category.

The risk index (RI) helps to assess the ecological risk degree of
metals and it is calculated using the following formula:

=C C
Cf

i D
i

B
i (6)

= ×E T Cr
i

r
i

f
i

(7)

∑=
=

RI E
i

m

r
i

1 (8)

where RI represents the sum of the potential risk of individual heavy
metal; Eri is the potential risk of individual heavy metal; Tri is the bio-
logical toxic-response factor for a selected metal (Hakanson, 1980); Cf

i

is the contamination factor; CD
i is the present concentration of metals in

sediments, and CB
i is the background concentration record of metals in

the upper earth crust (Wedepohl, 1995). The toxic-response factor is 2
for Cr, 5 for Cu, 1 for Zn and Mn, and 5 for Pb, Co, and Ni. The mean
crustal average is applied to calculate the risk index factor to interpret
the potential impact on the ecosystem (Wedepohl, 1995; Li et al.,
1986). RI< 150 indicates low ecological risk; 150 ≤ RI ≤ 300 in-
dicates moderate ecological risk; 300 ≤ RI ≤ 600 indicates high eco-
logical risk; and RI > 600 significantly high ecological risk. The stu-
died urban beaches fall under the low risk category.

The beach sediment accumulated elements were compared with an
upper continental crust average (UCC) (Wedepohl, 1995), ecotox-
icological values such as Lowest effect level (LEL); Severe effect level
(SEL); Effects range low (ERL); Effects range medium (ERM). The eco-
toxicological values (LEL, SEL, ERL and ERM) are proposed to study the
toxic element accumulation and their impact on ecosystem (USEPA,
2001; Long et al., 1995). In the studied urban beaches, the elemental
accumulation is very low compared to other coastal regions and sug-
gested ecotoxicological datasets. The present study regions are safe
from trace element related potential ecotoxicological effects (Table 3).

The correlation analysis is performed in order to establish the re-
lationship between the ALTMs in urban beach sediments (Table 4). In
Marina beach, a significant positive correlation is noticed between Fe
and Cr (0.85, p < .01) and Mn and Co (0.60, p < .05), which high-
lights the binding of these metals on FeeMn phase. In Edward Elliot's
beach, a significant positive correlation is noticed between Co and Pb
(0.52, p < .05), Cu and Cr (0.89, p < .01), Ni and Cr (0.66, p < .05),
Fe and Cr (0.93, p < .01), Ni and Cu (0.52, p < .05), Fe and Cu (0.90,
p < .01), Fe and Ni (0.65, p < .05), Mn and Fe (0.56, p < .05),
which signifies the association of metals from anthropogenic origin and
natural weathering. In Silver beach, significant positive correlation is
noticed between Cr and Zn (0.50, p < .05), Cu and Zn (0.73,
p < .05), Fe and Zn (0.56, p < .05); Cr and Cu (0.59, p < .05), Ni
and Cr (0.73, p < .05), Fe and Cr (0.92, p < .01), Fe and Cu (0.67,
p < .05), Ni and Co (0.50, p < .05), Fe and Ni (0.76, p < .01), which
highlighting the significance of mixed response from anthropogenic and
natural origin. R–mode factor analysis is used to extract the interrelated
factor variables (Table 5). The extracted factor loadings are applied toTa
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find the primary associated factors. The positive factor loadings of Fe,
Mn, Cr, Co, Cu, Pb, and Zn indicate that these elements are significantly
scavenged by Mn oxides/hydroxides (Oliveri et al., 2016; Vetrimurugan

et al., 2017). The above similar observation is noticed in Elliot's beach
between Fe, Mn, Ni, Cu, and Cr. Likewise, Fe, Ni, Cu, Cr, and Zn show
positive significant loading in Silver beach sediments. The positive
correlations between the ALTMs, except Pb, suggest that they are de-
rived from the marine environment through riverine input and beach
reclamation, and that Pb comes from anthropogenic induced factors.
The long-term exposure of Cr, Co, Pb, and Ni in the beach sediments
poses a threat to the marine biota. The ALTMs concentrations and
pollution indices suggest that the sediments are experiencing a low
degree of contamination and low ecological risk. The present study in
urban beach sediments can act as baseline data for future studies, and
the outcome of this work indicates the necessity of regular pollutant
monitoring in the marine environment.
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Table 3
A comparative study on elemental concentrations with other beaches and marine environments worldwide.

Study location Extraction type Elemental concentration References

Fe Mn Pb Zn Cr Cu Co Ni

Marina beach, Chennai HCl: HNO3 1224.24 56.86 6.67 7.04 34.60 1.45 1.01 3.69 Present study
Edwards Elliot's beach, Chennai 1310.36 81.84 8.68 4.88 33.62 1.41 1.47 3.84
Silver beach, Cuddalore 1459.46 69.85 3.98 2.52 36.11 1.05 2.46 4.26
Southwest coast of Kerala, India HNO3 + H2O2 + HF – – 189.64 127.60 80.94 76.73 – 35.13 Suresh et al., 2015
Chennai Beach, India HCl: HNO3 442 46.84 19.77 9.89 14.1 4.05 5.05 9.17 Santhiya et al., 2011
Coastal Pakistan HCl + HNO3 1017 42.39 111.3 123.4 77.41 18.38 51.31 Saher and Siddiqui,

2016
Hawaii Beach, Malaysia HCl: HNO3 4408 52.94 18.6 18.7 253.75 32.24 16.26 40.63 Nagarajan et al., 2013
Acapulco Beach, Mexico HCl 6549 90.47 3.73 19.04 17.86 6.33 – 3.41 Jonathan et al., 2011
Huatulco beach, Mexico HCl + HNO3 82,296 388.39 11.11 28.63 149.54 11.67 12.75 11.79 Retama et al., 2016
Caspian Sea, Iran HCl: HNO3 – – 13 28 – 9.9 – 17.42 Bastami et al., 2014
Richards Bay beaches HCl + HNO3 5693 65.092 8.678 78.108 9.114 2.696 5.316 6.412 Vetrimurugan et al.,

2016
Coastal sediments, Chile HCl + HNO3 17,600–39,800 – 2.90–9.04 39.1–61.3 – 13.6–28 – 12.2–39.5 Chandía and

Salamanca, 2012
Sandy beaches of Portugal coast HCl + HNO3 + HF 12,000–88,000 200–4632 35.7–437 38.3–349.3 18–133 117–884 22–89 17–89 Vidinha et al., 2009
Sabratha coastal sediments,

Mediterranean Sea
HCl + HNO3 + HF 2084 36.21 11.69 26.55 – 17.3 – 22.65 Nour and El-Sorogy,

2017
Al-Khobar coastline, Saudi

Arabia
HCl + HNO3 + HF 7552 113.97 5.36 52.68 51.03 182.97 4.75 75.1 Alharbi and El-

Sorogy, 2017
UCC values – 31,792 542 17 52 35 14 12 19 Wedepohl (1995)
Ecotoxicological values –
LEL – 20,000 460 31 120 26 16 – 16 USEPA (2001)
SEL – 40,000 1100 250 820 110 110 – 75 USEPA (2001)
ERL – – – 46.7 150 81 34 – 20.9 Long et al. (1995)
ERM – – – 218 410 370 270 – 51.6 Long et al. (1995)

All values are expressed in (μg/g); UCC – Upper Continental Crust (Wedepohl, 1995); LEL: Lowest effect level; SEL: Severe effect level; ERL: Effects range low; ERM:
Effects range medium.

Table 4
Correlation coefficient matrix of ALTMs in tourist beach sediments of Chennai
and Cuddalore city, Southeast coast of India.

Parameters Pb Zn Cr Cu Co Ni Fe Mn

Marina beach, Chennai (n = 96)
Pb 1.00
Zn 0.08 1.00
Cr −0.37 −0.03 1.00
Cu 0.12 0.25 −0.12 1.00
Co 0.10 −0.13 0.44 −0.29 1.00
Ni 0.0001 −0.02 0.30 −0.02 0.23 1.00
Fe −0.15 0.12 0.85⁎⁎ −0.12 0.43 0.24 1.00
Mn 0.1 0.01 0.21 −0.29 0.60⁎ 0.03 0.19 1.00

Edward Elliots beach, Chennai (n = 34)
Pb 1.00
Zn −0.25 1.00
Cr 0.06 0.15 1.00
Cu −0.02 0.29 0.89⁎⁎ 1.00
Co 0.52⁎ −0.46 0.36 0.17 1.00
Ni −0.12 0.16 0.66⁎ 0.52⁎ 0.40 1.00
Fe −0.02 0.22 0.93⁎⁎ 0.90⁎⁎ 0.30 0.65⁎ 1.00
Mn 0.27 0.15 0.45 0.48 0.32 0.24 0.56⁎ 1.00

Silver beach, Cuddalore (n = 28)
Pb 1.00
Zn −0.11 1.00
Cr −0.41 0.50⁎ 1.00
Cu −0.30 0.73⁎ 0.59⁎ 1.00
Co 0.15 −0.16 0.21 −0.06 1.00
Ni −0.43 0.35 0.73⁎ 0.43 0.50⁎ 1.00
Fe −0.46 0.56⁎ 0.92⁎⁎ 0.67⁎ 0.23 0.76⁎⁎ 1.00
Mn 0.15 −0.09 −0.19 0.01 0.14 −0.32 −0.19 1.00

⁎ Correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Correlation is significant at the 0.01 level (2-tailed).
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