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Study of Antimicrobial Resistance in Recreational Water Bodies
Udita Roy and Soumi GuhaPolley*

Department of Microbiology, Lady Brabourne College, Kolkata-700017

Abstract

The development and proliferation of antibiotic resistance in pathogen, commensal and environmental
microorganisms is a major health concern. The natural environment may act as a site of propagation and
maintenance of antibiotic resistance and greatly depends on various human activities. The anthropogenic activities
leading to rise and dissemination of antibiotic resistance should be studied extensively. Recereational water bodies
can act both as the recipient and reservoir ol antimicrobial resistance (AMR) and thus serve as a potent site of
horizontal transfer of antibiotic resistant genes and dissemination of the same to environmental microbes. In the
current study, water samples ol recreational water bodies were investigated as possible sources ol antibiotic
resistant bacterial population. Water samples from RabindraSarobar of Kolkata was surveyed and antibiotic
resistance pattern ol gram negative fecal coliformswere mainly evaluated. Many of them were [ound to be
Multidrug resistant(MDR) which 1s of great concern to the public health.

Keywords: Recreational water, AMR, MDR

1. Introduction

Antibiotic resistance is fast cmerging as a major global health crisis duc to its unrcgulated usc
in human hcalthcarc as well as overuse in husbandry and food industry|1|. As morc and morc
pathogens acquire resistance to multiple antibiotics, the once wonder drug is failing to curc
even ordinary infections and thus leading Lo prolonged hospitalization and even death [2]. The
use ol antibiotics is widespread not only in medicine but also in improvement ol crop
production, poultry industry and aquaculture [3]. Such heavy use of antibiotics has lead to
dissemination ol antimicrobial resistance to dillerent environmental water bodies [4,5]. A lot
of study indicates that environment not only act as a recipient of antibiotic resistant microbes
but also play a crucial role in propagating antibiotic resistance genes and creating novel
antibiotic resistant population by horizontal gene transfer [6,7,8]. Thus constant monitoring ol
environmental samples for prevalence ol antimicrobial resistant population is the need of the
hour.

Recreational water body is any type ol public freshwater or seawater bodythat is regularly used
by a large number of pcople for various recreational activities like, bathing, diving, swimming,
boating, fishing ctc.Pcople using these water bodics arc often exposed to a large amount of
natural microbes and some pathogens that often contaminate these water bodies [9,10]. Fecal
coliform bacteria, which belong to the family enterobacteriaceae, are often used as an indicator
organism for water quality surveillance as their presence indicate mixing of human and animal
waste with the water bodies| 11]. Reports also indicates the prevalence of antibiotic resistance
in these fecal coliforms in recreational water bodies [12]. Thus fecal coliforms and even
naturally occuring bacteria can act as source of antimicrobial resistance and antibiotic
resistance genes in recreational water bodies. Many countries have mandated the surveillance
of fecal indicator bacteria like Eshcherichia. coli and enterococci for water bodies to be used
for recreational activities [13,14,15]
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Regular monitoring of water quality help us to evaluate and minimize the risk of human
exposure to harmful pathogen. RabindraSarobar, the ensemble of artificial lake in South
Kolkata is a prime place for many recreational activities. A major public pool of
RabindraSarobar that is regularly used for swimming and bathing was chosen as a study arca.
The primary objective of this study is to assess the prevalence of antibiotic resistant coliform
group of bacteria in the public pool of RabindraSarobar, Kolkata. Antibiotics belonging to
varied groups such as beta-lactams, fluoroquinolones, different generations of cephalosporins,
aminoglycosides and macrolides were used in the study to detect the presence of multidrug
resistant population among the isolates which can have severe human health implications.

2. Materials & Methods
2.1 Sample Collection and isolation of fecal coliforms

Water samples were collected in sterile conical from under the surface of water and transported
to the lab on ice. Water sample was then serially diluted and 100 ul of each dilution was plated
on Nutricnt Agar and Eosin Mcthylenc bluc Agar plates for total viable count and fecal
coliform detection. Colonies with green metallic sheen which is a characteristic feature of [ecal
coliforms were subsequently restreaked on EMB plates for isolation of pure culture.

2.2 Confirmatory Test for Fecal Coliforms:

Purc cultures with green metallic sheen on EMB agar plates were gram stained. Thosc culturce
showing characteristic pink coloured short rod morphology of fccal coliforms were inoculated
in lactose broth (o check lor gas production. IMViC tests were performed with the selected
culturcs to confirm the presence offecal coliforms.

2.3A4ntibiotic Disc Diffusion Assay:

The flecal coliform isolates were individually plated on LA plates and discs of the following
antibiotics - Cefataxime (30pg/disc),Ciprofloxacin (10pg/disc), Cefepime (50ug/disc),
Ampicillin (25pg/disc), Streptomycin (25pg/disc), Azithromycin (30pg/disc) were used to
assay the Multi Drug resistance of the isolates. The antibiotic discs were placed aseptically and
the plates were incubated at 37°C for 18 hrs. Clinical and Laboratory Standard Institute
Reference was used to determine resistance character |16]. Diameter of zone of inhibition was
measured. All antibiotic discs used in the study were purchased [rom Himedia, Mumbai, India

2.4 f-Lactamase production assay

Two solutions, 6mg/ml ampicillin and 1% starch were prepared. Overnight culture of isolated
fecal coliforms were suspended in 0.1ml of Ampicillin solution in a test tube and incubated at
room temperature for 30 minutes. Then 2 drops of starch solution and 1 drop of iodine
reagentwere added. Test tube shaken for Iminute at room temperature. Absorbance at 620nm
was measured after 30 minutes and 2 hours [17].

2.5 Assay of MDR Bacteria for Over-Expressed Efflux Pumps

Trypticase Soya Agar (TSA) plates containing EtBr at a concentration of 0.5 mg/L were
prepared fresh on the same day of the experiment and kept protected from light. The TSA plates

ISSN 2689-6389 (Print) 8
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were then divided into as many as eight sectors by radial lines, forming a cartwheel pattern.
The isolated bacterial cultures are then swabbed on the EtBr-TSA plates starting from the
center of the plate to the margin. The TSA plates are then incubated at 37°C for 16 hours. After
this period, the TSA plates are examined under a gel-imaging system ( U.V. trans illuminator)

[18].
3. Results & Discussions
3.1 Enumeration of Bacterial Population of Collected Samples

Total viable count was calculated for the collected water samples. The coliform load of the
water sample was also enumerated by spreading the samples on EMB plates. The results are
represented by Tablel.

Table 1. Bacterial Count of Collected Water Samples on NA and EMB medium

Avg Count
Number of colonies cfu/ml
Sample . Dilution used
Platel Plate2 Platel Plate2
NA-plates stock INTC* INTC 4.8%10%fw/ml
107 221 203 2.2%10% | 2.0x10*
10 84 69 8.4x10" | 6.9x10'
EMB - | Stock 87 92 8.7x10% | 9.2x10° 8.9x10%¢fw/ml
plates

*TNTC: Too numcrous to count
3.2 Isolation of Fecal Coliforms

Among the 18 isolated colonies with greenish metallic sheen on EMB plates, 16 showed
greenish metallic sheen when re-streaked on EMB plates. All of these 16 bacterial isolates
giving greenish metallic sheen were found (o be gram negative short rod upon gram staining.
The IMVIC tests were performed with these sixteen isolates and the result of the tests are summarized
in Table 2.Sample no 15 showed negative Indole test and positive Citrate test so this samples
was not fecal coliform. Rest showed the characteristics of fecal coliform Thus except sample
15 all tested positive for fecal coliforms in IMVIC test.

Table 2. Results of IMVIC Test

Sample | Gas production | Indole Methyl | Vogesproskauer | Citrate
name (in %) test Red test | test test
1 25% + - - -
3 20% + + - -
ISSN 2689-6389 (Print) 9
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4 20% R + - -
5 30% - + - -
6 25% + + - -
7 30% + + - -
8 25% s - - -
9 15% + + - -
10 35% + + - -
11 20% - - - -
12 20% - = - -
13 20% - - - -
14 45% + + - -
15 40% - + N T
16 20% + + - -

Table 3. Resistance Pattern of Isolated Fecal Coliforms

Sample | Antibiotics

Name Cefataxime | Ciprofloxacin | Cefepime | Ampicillin | Streptomycin | Azithromyci
(30pg/disc) | (10pg/disc) (S0pg/dis | (25pg/disc) | (25pg/disc) n (30pg/disc)

1 R R :t) R R _

3 R R R R R _

4 R R R R R _

5 R R R R R _

6 R R R R R _

7 R R R R R _

8 R R R R R -

9 R R R _ R _

10 R R R _ R _

11 R - - - - -

12 R R R R R -

ISSN 2689-6389 (Print) 10
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Review On Arsenic Toxicity: Effect On Human Health And Biochemical
Aspects

Soumika Roy, Soma Samaddar*

Department Of Chemistry, Lady Brabourne College, Kolkata 700017.

Abstract

Looking at the global scenario, it has been found that a huge percentage of population around the globe consider
groundwater as their main source for drinking. But unfortunately, this main source is being heavily exposed to
various heavy metals like mercury, cadmium, arsenic making it unfit for consumption, ultimately posing threat to
human health out there. Although groundwater is considered as safe, but high concentrations of heavy metals like
arsenic (As) (above the permissible limit) in ground water can pose risk to human health. Toxicity level of
inorganic arsenic is more than the organic one. Arsenic contamination is having a worldwide effect. Arsenic is
found to be carcinogenic in nature, genotoxic as well as cytotoxice. Prolonged exposure to arsenic causes various
health hazards like arsenicosis, skin cancer, pigmentation, neurobehavioral effects, impaired intellect and various
other chronic illness. Creating awareness and providing proper medical care still remains a big challenge. The
biomarkers of arsenic exposure include nails, hair, urine and blood sample. This paper provides an overall
overview of ground water arsenic contamination, its health hazards, its toxicity and metabolism in human body.
The paper also reviews various analytical techniques that are being used to detect arsenie, the collective steps
required to cradicate this global problem and provide high quality safe drinking water for the future generations

to come.

Keywords: Biosensors, biological markers, arsenic contamination, analytical methods

Introduction

Arsenic is a naturally occurring allotropic pnictogen and odourless metalloid trace element
which is widely distributed in earth’s crust having atomic symbol As, atomic number 33, and
atomic weight 74.92 respectively and it usually appears in three allotropic forms- black, yellow,
and grey. when heated it rapidly gets oxidised to arsenic trioxide (As203) which has a garlic
colour. It is found in water, air, soil, food and plays the role of a micronutrient. Arsenic mainly
exists in four valency states: As(-I11), As (0), As (I11), As(V) with oxidized As (I1I) and As(V)
as the most widespread forms in nature.[1] Today arsenic has become an element of high
concern for human health. Arsenic compound is mainly classified into two - inorganic arsenic
and organic arsenic. Inorganic form of arsenic is generally found in abundance, whereas organic
arsenic compounds such as arsenobetaine , arsanilic acid are mainly found in seafood, fish, as
a result of which increases the risk to human exposure [29]. many epidemiological evidences
indicates that it is carcinogen for both human beings as well as for animals. Antifungal
properties of arsenic help in the treatment and preservation of wood. chromated copper arsenate
is used above for such purpose. [3] Before the evolution of antibiotics, many compounds of
arsenic were used as pharmaceuticals, like for example Salvarsan also known as arsphenamine
was used for syphilis [30] and arsenic trioxide was used for treatment of cancer.[31] natural
phenomena like volcanic activity, mining processes, weathering are some of the ways by which
arsenic is released in the environment cycle causing threat to human life. [7] It is a by-product
in smelting processes for many ores including gold, lead, cobalt, nickel, and zinc.[7] Exposure

Corresponding author
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to arsenic causes skin pigmentation, cardiovascular disease, hyperkeratosis and also effect the
overall mental development of a child.
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Fig-1- Arsenic cycle in the environment

World scenario

The natural contamination of arsenic in ground water has been reported all over the globe and
majority of these contamination belong to South Asian and south American regions. one of the
most arsenic polluted areas includes south east Asian belt which consist of countries like India,
Bangladesh, Nepal, Vietnam and China [56,57]. developed countries in the world like USA,
Canada, has experienced wide levels of arsenic contamination in groundwater.[58] Most of the
arsenic polluted zones are located in the sedimentary basins which are particularly close to the
mountain belts and deltaic areas.[4]. One of the main source of exposure to arsenic in
groundwater in America is due to natural phenomenon like voleanic activities and geothermal
fluids.[27] Generally tropical climate favours the release of Arsenic from arsenic compounds
due to which countries falling in the tropical regions are more exposed to arsenic
contamination.[28] some of the worst arsenic affected African countries includes Botswana,
Burkina Faso, Ethiopia, Morocco, Nigeria, South Africa, Tanzania, Togo, and Zimbabwe [61].
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American regions arce worst affected. Cited from Arsenic contamination of groundwater: A global synopsis
focus on the Indian Peninsula E. Shaji , M. Santosh b, K.V. Sarath , Pranav Prakash , V. Deepchand , B.V.
Divya

Arsenic in India

In India groundwater plays an important role in meeting the water demands for domestic,
industrial and irrigational needs. The demand for good quality groundwater has increased with
increasing population and developmental activities across the globe. Today providing safe
drinking water to the world's 7.8 billion people has become one of the greatest challenges of
the century [4]. In India the maximum amount of arsenic contamination is found in ganga-
Brahmaputra basin. Maximum extraction occurs in the Indo-Gangetic basin in Northern and
North western part of India, which as a result has caused a significant decline in water table
around many locations [25,26]. west Bengal, Bihar, Uttar Pradesh, Jharkhand, Chhattisgarh are
some of the states in India where concentration of arsenic in groundwater has exceeded the
permissible 10 ppb limit. [4]

Arsenic occurrence and its sources of exposure
Arsenic in drinking water

One of the most basic sources of exposure to arsenic is via drinking water. People around the
globe tend to drink the contaminated water and also use it for preparing food. Agriculture,
livestock, metallurgy, medicine are some of the various sections where arsenic compounds are
widely used. exposure to arsenic for a very long period of time, mainly through drinking-water
can lead to chronic arsenic poisoning [5]. Some of the most significant effects of exposure to

ISSN 2689-6389 (Print) 16
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arsenic includes skin cancer, skin lesions. High concentration of inorganic form of arsenic are
found in the groundwater of countries like Argentina, Bangladesh, China, India, Mexico, and
the United States of America.[5] arsenic enters the food cycle of living beings by drinking the
contaminated water containing high level of arsenic , food crops which are irrigated with that
water and food items that are being prepared with that contaminated water.[5].dietary sources
like fish, shellfish, poultry, dairy products , cereals contains organic arsenic(arsenobetaine), but

T T T
TOUE B00E 96 00E

A

L
WrrorN
U

L
15°00°N
RN

@ Arsenic contamination in groundwate

P Affected states
B Unaffected states

Fig3: States and union territories of India affected by arsenic contamination. Cited from: Arsenic
contamination of groundwater: A global synopsis with focus on the Indian Peninsula E. Shaji, M.
Santosh, K.V. Sarath, Pranav Prakash, V. Deepchand, B.V. Divya

the United States ot America.|5] arsenic enters the tood cycle ot living beings by drinking the
contaminated water containing high level of arsenic , food crops which are irrigated with that
water and food items that are being prepared with that contaminated water.[5].dietary sources
like fish, shellfish, poultry, dairy products , cereals contains organic arsenic(arsenobetaine), but
exposure from these foods is very low compared to exposure through contaminated
groundwater.[5]arsenic is also considered to be carcinogenic.[2] In 2006, the US
Environmental Protection Agency (EPA) has set a certain permissible limit of 10 pg/L for
arsenic concentration in drinking water. [33]

ISSN 2689-6389 (Print) 17
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Arsenic in food

Food is one of the important sources of exposure to arsenic in addition to drinking water.[34].
Among food, cereals, such as rice have Arsenic concentrations which are sometimes as high as
0.4 mg/kg dry weight [35]. The main Arsenic species found in rice and other plants irrigated
with As-containing water or grown on As rich soil is the inorganic Arsenic [36,37]. The amount
of arsenic ingested by human beings on a daily basis through food is highly influenced by the
amount of seafood intake in the diet. [ 6]. Marine organisms contain large amounts of organo-
arsenicals (e.g., arsenobetaine) and these arsenic derivatives are not so toxic as the inorganic
one because of their low biological reactivity and their rapid excretion through urine.
Concentrations of arsenic in seafood amount to 2.4-16.7 mg/kg in marine fish [ 6]. Wine made
from grapes which are sprayed with arsenic pesticides contains appreciable levels of arsenic
(up to 0.5 mg/litre) in the trivalent inorganic form [38].

Occupational exposure of arsenic

Occupational exposure to Arsenic compounds is another important source of exposure. It leads
to Arsenic poisoning in workers who are working in industries which uses inorganic As in
their production wood preservation, vineyard spraying, glass production, production of
electronic semiconductors are some of the main processes through which occupational
exposure to arsenic occurs. [39]. Inorganic As is emitted from the smelter industries, such as
Arsenic or copper smelters, which results in both occupational and environmental exposure.
This also results in increased risk of lung cancer among the workers and residents who are in
the vicinity of the smelter [40,41].

This is how arsenic is entering in the food chain through water-soil-plant-animal-man
continuum.

; £ Farm Yard
 Arsenic Mannure
e L d S -
S [som ks . Urine,
water L 1 ] Facces
Plants ——
Human . ] Animals |
] ) Milk, Meat

Figure 4: Schematic diagram of exposure to arsenic contamination in both human beings and livestock. Cited
from: An insight of environmental contamination of arsenic on animal health, paramita Mandal, Emerging

contaminants 3(2017) 17-22
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Metabolism and molecular targets of arsene toxicity

The metabolism of arsenic has a direct impact on its toxic effects. Arsenic undergoes many
complex metabolic conversions. Arsenite, the trivalent form of arsenic is considered to be
highly toxic than arsenate, the pentavalent form. Arsenic and its metabolites have an affinity
towards thiols and thus they interact with the extra- and intracellular macromolecules,
particularly those containing vicinal thiols. The course of the reaction however differs
depending on which form of arsenic is been taken into account. [36,42]. Methylated forms of
inorganic arsenic has been considered as a part of a detoxification process for many years.[3]
many new research indicates that the intermediary metabolites particularly
monomethylarsonous acid (MMA-III) and dimethylarsonou acid (DMA-III), are very reactive
and toxic [43]. But the final arsenic metabolites- monomethylarsonic acid (MMA (v)) and
dimethyl arsenic acid (DMA(v)) are less toxic than the inorganic one. [ 8] MMA-III and DMA-
IIT get easily oxidized to the less toxic pentavalent forms but the intermediates formed during
the course of methylation of inorganic form causes toxic effects which includes DNA-damage
[36]

* Inorganic
®  Arsenate — exists in +5 oxidation state O
- /AS”””O_
o N
®  Arsenite — exists in +3 oxidation state O_
- O,AE-HQ—

Fig 5: Inorganic forms of arsenic

Course of mechanism of pentavalent form

Arsenate (pentavalent) has a similar structure and similar properties to phosphate and so can
replace phosphate in several reactions. In vitro studies indicate arsenate reacts with glucose to
form glucose-6-arsenate, which resembles glucose-6-phosphate. Glucose-6-arsenate is a
substrate for glucose-6-phosphate dehydrogenase and can inhibit hexokinase, which plays an
essential role in glycolysis. In the presence of phosphate, ATP is generated whereas in the
presence of arsenate, ATP depletion is observed secondary to diminished ATP formation.[44]

ISSN 2689-6389 (Print) 19
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Fig 6: Arsenate and phosphate have similar structure and properties.

Course of mechanism of trivalent form

Compared to arsenate, arsenite is considered as one of the most toxic form of inorganic arsenic
which primarily reacts with thiol and sulfhydryl groups. Thiols and sulfhydryl groups are the
major organic components of multiple proteins and enzymes found in our body. The reactions
between arsenic and thiols causes dysregulation and inhibition of proteins and enzymes
involved. One such crucial enzyme effected is pyruvate dehydrogenase, which is a protein
complex that requires lipoic acid, a dithiol, for activation. In the citric acid cycle, Pyruvate
dehydrogenase (PDH) is a very important enzyme. As a result, any form of altercation of PDH
enzyme can lead to impairment of cellular respiration and ATP formation. Arsenite has an
affinity for sulfhydryl groups and so it readily binds with such groups which increases the
permeability of capillaries and also causes dilation. Arsenite's affinity for thiols, more
specifically for dithiols leads to favourable transfer of arsenite to the chelating agent, dithiol
2,3-dimercaptosuccinic also known as succimer.[44]

Arsine gas

Arsine gas is the most toxic form of arsenic over the organic and inorganic forms. Inhalation
of arsine gas with concentration more than 10 ppm is considered to be lethal.[7] Arsine gas is
colourless, odourless and does not produce tissue irritation because of which the affected
individual fails to recognize it’s contamination. It is known as a hemolytic agent. Arsine gas,
after absorption in the lungs enters the red blood cells, where Hemolysis occur, along with the
impairment of the transport of Fe (II) to Fe (III)[ 7]. Hemolysis or destruction of red blood cells
is primarily related to oxidative stress, which overwhelms the antioxidant system of enzymes
leading to rapid denaturation of proteins [45].

Health effects of arsenic exposure
Arsenic is a confirmed carcinogen and neurotoxic and is the most significant chemical
contaminant in drinking-water globally. drinking water contaminated with high levels of
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arsenic over a very long period of time causes a chronic illness known as arsenicosis . It is
commonly known as arsenic poisoning. Arsenic is also known to cause genotoxicity and
cytotoxicity.

Acute effects

The immediate symptoms for acute arsenic poisoning includes vomiting, abdominal pain,
nausea, diarrhoea. These are followed by numbness and muscle cramping and death, in extreme
cases.

Long term effects

long-term exposure to high levels of inorganic arsenic causes skin problems which includes
pigmentation, skin lesions, formation of hard patches on the palms and soles of the feet
(hyperkeratosis). However, such skin problems usually occur if an individual is exposed to
arsenic for a period of about five years or more. However, it can also be a precursor to skin
cancer [5] Since arsenic is considered to be carcinogenic, it’s exposure over a long-term via
drinking contaminated water can also cause the bladder and lung cancer. The International
Agency for Research on Cancer (IARC) has classified arsenic and arsenic compounds as
carcinogenic to humans.[5] Other adverse health effects that may be associated with long-term
ingestion of inorganic arsenic includes developmental effects, diabetes, pulmonary disease, and
cardiovascular disease. Pregnancy complications were also found to due to chronic exposure
from groundwater As which leads to increased fetal loss and premature delivery. [9,19]

Dermal disease

Cardiovascular disea:
- Epidemiology ——> Skin cancer

Bladder cancer

Diabetes mellitus

Cell cycle arrest, auto
Cell aberrant differen
Cell dysfunction, apo
\ Cell excess proliferati

Arsenic ————> Cytotoxicity ——

Deletion mutations
. Oxidative DNA dam:
Genotoxicity ——> DNA strand breaks
Sister chromatid exch
Chromosomal aberra

Fig 7:.Arsenic toxicity in humans.
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Arsenic and cancer

Arsenic contamination in drinking water is today one of the most significant environmental
causes causing cancer in the world. The international Agency for research on cancer (IARC)
has considered arsenic as a human carcinogen since 1980[24]. Exposure to inorganic
compounds of arsenic increases the risk of lung cancer in the smelter workers who are involved
in the production of arsenic containing pesticides [54].
Arsenite plays an important role in the enhancement of UV-induced skin cancer [55]. High
level exposure to arsenic via drinking water also increases the risk of lung cancer and bladder
cancer.

Non carcinogenic effects of chronic arsenic exposure
Neurobehavioral and Neuropathic Effects on arsenic exposure

Accumulation of arsenic on human body over a very long period of time via different sources
can lead to neurobehavioral effects in adolescence which can affect their way of behaving in
their later stages of life [21]. Arsenic neuropathy is a recognized complication of arsenic
toxicity.[9] Peripheral neuropathy which is an abnormal and usually degenerative state of the
peripheral nerves caused due to chronic Arsenic exposure, is one of the most common
complications of the nervous system in which the patients suffer from constant pain,
hypersensitivity to stimuli, muscle weakness, or atrophy. [22,23]

Effects on Memory and Intellectual Function

A study of children in Mexico suggested that greater the urinary arsenic concentration lesser
will be the verbal 1Q and long-term memory. [9,20] It was found high level arsenic exposure
can affect long-term memory, attention and the ability to understand speech particularly in
people with chronic malnutrition. [9,20] However, this study was limited only for a certain
period of time as many questions like the role of exposure to arsenic on the intellectual
functions remained unanswered.

Arsenic’s Effects on the Human Body

Nervous System Endocrine Systom
Impaired intellectual function Diabetes
Impaired motor function e in pregr
Neuropathy
Cardiovascular System

Pulmonary tuberculosis
Coronary heart disease Bronchiectasis
Hypertension Lung cancer
Heart attack

Liver cancer

Kidney cancer
Bladder cancer
Skin Developmental Process
Skin lesions Increased cancer risk as adults
Skin cancer Increased infant mortality

Neurological impairment
Reduced birth weight

Fig 8: Effects of arsenic on human body

ISSN 2689-6389 (Print) 22
ISSN 2687-7939 (Online)



IJCAES Vol 3, Issue 1, 2021

In a study of Bangladesh, it was found that about 21.6% of participants had skin lesions such
as melanosis and/or keratosis. Out of this about 13.9% were currently drinking water with
arsenic levels less than 10 pg/L. This suggest that either previously there has been a high-level
exposure to arsenic or that even at low levels below the current guidelines it is not safe for
drinking and for other purposes [9,15].

Analytical methods for analysis of arsenic species

For effective measurement of arsenic in drinking water expensive and Sophisticated
instrumentation are important.[1] methods currently used for arsenic speciation are mainly
based on the concept of HPLC combined with sensitive and element-specific detection
methods like high-performance liquid chromatography with a flame atomic absorption
spectrophotometer (HPLC/AAS), high performance liquid chromatography with atomic
fluorescence spectroscopy (HPLC/AFS) or high performance liquid chromatography with
inductively coupled plasma mass spectrometry (HPLC/ICP-MS) [10,46,47.48].

Hydride generation

One of the most common instrumental methods used for analysing metal and metalloids is
atomic absorption spectroscopy (AAS) but due to its poor reproducibility, imperfect detection
limits an alternative method in place of AAS has been introduced. Hydride generation atomic
absorption spectroscopy (HGAAS) is one such alternative method for arsenic analysis.[49]. Tt
is one of the most popular sample derivatization method for inorganic arsenic detection [10].
Hydride generation is mainly based on the formation of gaseous hydride for some elements, in
the presence of some reducing agents, e.g., NaBH4, KBH4. These reducing agents are used to
produce arsines which in turn helps in separating arsenic from the liquid products of the
reaction. This process separates As (I1I) from As (V) as As (I1I) reacts with tetra hydroborate
at a higher pH than As (V). [1] Transition metal ions creates interference in this process because
of the reaction between the interfering metal ions with the NaBH4 reductant.[1] To prevent this
L-cysteine is used [1] Although HG-AAS technique accurately measures arsenic in
environmental samples several drawbacks are also present which are as follows

(1) limited only for the materials which can form volatile arsines;

(ii) strictly controlled reaction conditions.

(iii) presence of interfering transition metal ions reduces the efficiency of HG [50]

(iv) method is laborious and HG cannot detect monomethyl arsonate and Dimethyl arsinate.

Moreover, the development of this method requires significant amount of investing and high
running costs which limits their use in most laboratories.[10]

ICP-MS

It is a type of mass spectrometry which involves inductively coupled plasma. This plasma
further ionises the sample and creates atomic and small polyatomic ions, which are detected
through this method. In AAS method the output or the response varies with the species but here
the plasma ionizes all forms of arsenic as a result of which the response does not vary with the
species. [1]. The ICP-MS technique provides higher precision, greater speed and selectivity. It
suffers great interference from chloride due to the formation of argon chloride in the plasma.
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Electrochemical methods
Cathode stripping voltammetry

An alternative way to differentiate inorganic arsenic species is by electrochemical techniques.

These techniques known to be simple, sensitive, and inexpensive methods to speciate arsenic
directly because of different electroactivity of As (III) and As (V). [51,52] Stripping
voltammetric techniques is an example of electrochemical technique which is considered to be
an effective method for arsenic determination in the environmental samples [10]. In this
technique, the analyte(arsenic) is preconcentrated on the working electrode that is on the
hanging mercury drop electrode (HMDE) [1]

Deposition: 2As*" + 3MHg + 6¢” -------- M3Asz + 3 Hg
Stripping: M3As2 + 12 H + 12¢” + 3Hg----AsH3 + H2 + 3MHg
where M = Se or Cu [1]

Most of the areas having high arsenic contamination are unfortunately also the areas having
least access to these highly expensive techniques. As a result of which today high demand for
simpler techniques which are robust and inexpensive becomes more urgent and important to
detect arsenic instead of the standard laboratory-based techniques such as atomic fluorescence
spectrometry, inductively coupled plasma-mass spectroscopy etc [59,60].

Biosensors and bioassays

For biosorption of toxic elements many microorganism-like algae, fungi, yeast, and bacteria
are used.[1] for example, Chlorella vulgaris can transform inorganic arsenic compounds and
easily oxidize arsenic (III) to arsenic(V). [1] The arsenite oxidizing bacteria so far isolated can
gain energy from arsenite oxidation or they to do so as part of a detoxification process. [1]
microorganisms have the ability to reduce arsenate into arsenite or even arsine (AsH3) .It has
been found that Marine algae transforms arsenate into a non-volatile methylated arsenic
compound which are found in sea water such as Methylarsionic acid and dimethylarsinic acid
[1] Today’s modern biology techniques can create an arsenic responsive DNA control
sequence and link it to a reporter gene which can further act towards the development of an
arsenic biosensor.[1] .]Bacteria-based bioassays are basically act as an alternatives to the
abiotic sensors created for arsenic detection since those sensors many times shows inaccurate
results in the concentration range below 50 pg/L.[11] Generally most of the bacteria carries a
sensitive defence system against arsenite and arsenate, that can be further exploited for arsenic
detection .[11]
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Table 1: Different analytical methods for the analysis of arsenic.[1]

Method Limit of Comments
Detection
(LOD) pgL™?
(ppb)
ICP-AES 0.7 Has high sensitivity, however equipment is expensive.
ICP-MS 0.002-0.06 Has higher precision and lower detection limits compared to ICP-AES
Neutron Activation 0.001-0.02 High sensitivity, possible spectral interferences
Analysis

Simple method, but generates arsine gas and is prone to false positive

Colorimetric Assays 1-30 . o !

(Gulzeit) and falsencgative readings

Cathodic Stripping 0.5 Sensitive, however copper interference a problem and use of mercury a
Voltam-metry (CSV) - congcern.

- o IMighly sensitive, however interference from other metals (copper) a major
IAnodic St - .
V:ﬂa:ﬁmcrtlfyp[l;l\gSV) 0.05-0.5 concern, analysis time can be lengthy. Reusability of electrodes and
reproducibility of signal a concern

Arsenite Oxidase 1.0 Sensitive and very sclective to As(ITT). No interference from copper and fast
Based Biosensor ] analysis time (10 s)

Bioscnsor (AcP L5 Sensitive and sclective to As(V), however enzymes can be inhibited by other
Iand PPO) - metals and chemicals

Biological monitoring of arsenic

Both trivalent and pentavalent forms of arsenic are found in the water sources from wells and
tube wells. [9,17] Inorganic arsenic and its methylated forms that is monomethyl arsonic acid
(MMA), dimethyl arsinic acid (DMA) are used as biomarkers of arsenic exposure [9].
Generally arsenic biomonitoring can be done by four methods. The first method includes
determination of the concentration of As in urine samples. They are able to evaluate the amount
of inorganic As an individual has received from drinking water. [9,18] The second method is
measuring the arsenic amount in blood. A particular individual’s amount of arsenic intake can
be roughly estimated through Blood and urine samples .[9] The third method involves
estimating the arsenic concentration in hair because inorganic arsenic and DMA are usually
stored in the hair root which as a reflect the individuals past exposure to arsenic.[9] The last
method involves measuring amount of arsenic in nails since nails of fingers or toes reflect the
arsenic storage so, hair and nails are used as biomarkers to estimate average arsenic
exposure.[9,17]

Magnitude of the problem

Arsenic contamination of groundwater has become a great concern for public health. There are
a number of regions where arsenic contamination in drinking-water has become a significant
problem. A huge section of population over the world have been drinking water containing
arsenic at levels higher than the limit set by WHO. [53]. The worst effected countries with
arsenic contaminated water and huge cases of arsenic poisoning are Southeast Asia, including
Bangladesh, Vietnam, India, and Cambodia.[11]. Generally, the most common symptoms and
signs found in living beings, caused by long-term exposure to inorganic arsenic, differ greatly
from one individual to another individual, population groups and geographical areas to a large
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extent. so, there is no universal and specific definition of the disease caused by arsenic
contamination or exposure. This further complicates the assessment of arsenic.[5] food
products like vegetables and rice when cultivated using arsenic contaminated groundwater and
consumption of these becomes a source of chronic arsenic poisoning. The impact of arsenic
contamination, is not only on public health, but also on the socio-economic level like economy,
personal incomes and crop productivity [9,14]. Populations that are at highest risk are those
using private well-water as their drinking water source. Absence of taste, odour, colour, make
Arsenic impossible for a layman to detect and avoid.

Prevention and control

Arsenic toxicity is increasing day by day at an alarming rate all over the word so to prevent
further exposure it is important to remove this contaminant from the environment by taking
necessary steps and provide safe and quality water for drinking, food preparation and irrigation
of food crops. There are a number of ways by which we can reduce the levels of arsenic in
drinking-water.[5] They are as follows:

Water sources contaminated with arsenic like for example groundwater can be replaced by
microbiologically safe sources such as rain water, treated surface water which has a low content
of arsenic and can be used for drinking, cooking and for irrigation purpose. The highly
contaminated water can be used for washing clothes and bathing. This reduces its exposure
inside the human body.[5]

Installing various arsenic removal systems — either centralized or domestic — and ensuring
proper disposal of the removed arsenic. Technologies for removal of arsenic includes oxidation,
coagulation-precipitation, absorption, ion exchange, and membrane techniques.[5]

Proper education and awareness among community is important for ensuring safe drinking
water. Individuals all across the globe needs to understand the risks of high arsenic exposure,
its adverse effect on health and its sources of exposure which includes arsenic contaminated
drinking water, food crops irrigated with that arsenic contaminated water, occupational sources
etc. proper awareness must be spread to control its overgrowing exposure day by day. [5]

WHO’s Response

Among WHO’s 10 chemicals of major public health concern, arsenic found to be one of them.
The current recommended limit set for arsenic in drinking water is 10 pg/L and efforts are being
made collectively and effectively to keep the concentration of arsenic below this above set limit
by setting new guidelines, providing risk management suggestions. WHO published a guideline
for arsenic contamination in its Guidelines for drinking-water quality. The Guidelines published
are intended for use as the basis for regulation worldwide.[5]

Present scenario suggests that a huge section of population around the globe are exposed to
arsenic concentrations that is higher than the permissible value mentioned in the guideline and
so to reduce its over exposure a thorough survey on public health is necessary.[5]

The WHO and UNICEF Joint Monitoring Programme for Water Supply, Sanitation and
Hygiene effectively monitors the progress towards global targets on providing safe and high-
quality drinking water to each and every citizen out there. Under the new 2030 Agenda for
Sustainable Development, "safely managed drinking water services" calls for tracking the
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population accessing drinking water which is free of heavy metals contaminants including
arsenic.[5]

Conclusion

A huge section of the population around the globe mostly depends on ground water for drinking
purposes. This section of people, particularly are the ones who are getting worst affected by
exposure to the heavy metals like arsenic. As a result, today exposure to arsenic toxicity has
imposed a huge health issue around the world. Depending on the toxic level inorganic form is
considered to be more toxic than the organic form. Arsenic exposure can occur through many
ways. Exposure from natural source include soil, air, drinking water, food, from industrial and
occupational source like in smelter industries, in preservation of wood and many more.
Drinking water and food are the two principal sources through which arsenic enter the human
body and shows adverse health effects like arsenic poisoning, skin cancer etc. so there is a
critical need to monitor the overgrowing arsenic levels in human body as well as in the
environment. chelation therapy is one of the promising treatment available today that can
reduce or arrest the arsenic toxicity levels in human body if not fully remove it. Owing to its
overgrowing exposure around the globe, there is a urgent need for simple, uncomplicated
methods to test arsenic toxicity levels in the field or in the laboratory. Various analytical
techniques are available like ICP-MS, AAS for determination of arsenic species which provide
accurate and reproducible results. Today a proper education and awareness about the
consequences of arsenic poisoning to various communities particularly in the rural areas where
groundwater is the only drinking source available, is very important if we want to control its
overgrowing exposure. Proper awareness must be spread especially in rural areas which
unfortunately receives very little research and monitoring support from government agencies,
corporations, and Non-Government Organizations. There is need to develop a better
understanding of the relationship between chronic arsenic exposure and its various adverse
effects in humans, its environmental occurrence and cycling of arsenic and also the underlying
mechanism of action of arsenic. The challenges to provide safe and high-quality drinking water
has become a matter of global concern even for many developed countries like Canada. UNEP
and WHO must look into this over growing arsenic exposure with utmost priority and must
initiate and launch several awareness programmes among health workers communities, NGOs,
and try to find effective solutions for this problem and work towards it. Communities as a whole
must get involve at all stages of groundwater development programmes which includes doing
initial surveys; decisions on siting of wells on proper places, monitoring arsenic levels and
doing proper surveillance of the above program.so from this study we can conclude that

Arsenic exposure in drinking water is increasing day by day in various parts of the world

[t is entering the food chain through drinking water, soil, animals.

Drinking arsenic contaminated water over a long eriod of time causes adverse health effects
like arsenicosis.

Arsenic is genotoxic, carcinogenic and cytotoxic as well

Many analytical methods are present to detect arsenic but to make these accessible to various
parts where arsenic contamination is there is difficult, so we need more user friendly, simple
low-cost technology which must be accessible to every community.
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WHO must look on to this critical matter with utmost priority and necessary steps to eradicate
it must be taken into account. This includes awareness on arsenic poisoning, proper education
on adverse effects of arsenic, finding effective solutions and working towards it, proper
surveillance and monitoring. Financial assistance must also be provided for smooth running of
the process. Perhaps by taking a collective step we can reduce the arsenic contamination before
it gets out of our hand and provide safe, clean high quality drinking water for the future
generations to come.
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Abstract

Practice of conservation of biological diversity in India had been carried out since dates back and sacred groves, the
socially protected forest patches, are such classic evidence. Since pre-Vedic period, India has its legacy of harbouring
numerous sacred groves almost in every part of the country especially in the Western Ghats and North-East Himalayan
region. These small fragmented forest patches are well known especially for sustaining rich biological heritage,
entailing ecological history of the region and being a local biodiversity hotspot through in-siti conservation of both
floral and faunal components especially the rare and endemic ones. Sacred groves also represent ideal community
organization for functioning of many ecological processes providing valuable ecosystem services like soil and water
conscrvation, nutrient cycling and many more. In India, various systems of traditional conservation practices have
been reported as the country is known for its socio-cultural diversity. Tn the past few decadces, the existence ol sacred
groves is being challenged through serious threats like encroachment, loss of beliel in (aboos and many modern
devclopmental practices. Tt is the need ol hour (o protect these ecological heritage by adopting integrated sustainable
management practices through community involvement and convergence ol various schemes of different sectors.

Key words: Sacred groves, floristic diversity, ecosystem, conservation

Indian scenario

One of the valuable outcomes of ancient tradition of nature conservation is the dots of sacred
groves prevalent in the different geographical terrain of the Globe (Hughes and Chandran, 1998).
Sacred groves are prevalent in different parts of the World and are mostly distributed in Asia,
Africa, Australia, Europe and America (Chandrashekara and Sankar, 1998; Ramakrishnan, 1998;
Hughes and Chandran, 1998; Ramakrishnan, 1996; Man and Biosphere 1995; Hughes, 1994;
Castro, 1990; Khiewtam and Ramakrishnan, 1989; Gadgil and Vartak, 1975) excepting the new
world (Gadgil and Guha, 1992) and seems to be most numerous in Asia and Africa (Roy Burman,
1996).

In Indian scenario, it had been rooted since the pre-Vedic periods (Ray e/ al. 2014; Chandran 1997)
and many sacred groves had been identified to be as old as Indus Valley Civilization
(Chandrakanth and Jeff Romm, 1991) which is also reflected in the words of Skolmowski (1991)
as sacred groves are ‘as old as the civilization itself’’. India harbours nearly 100000 to 150000
sacred groves (Malhotra ef al. 1999) and age of most of the sacred groves are yet to be estimated
and may be determined from the age of very ancient temples and tombs associated with them
(Deshmukher al. 1998). Sacred groves have been explored from different parts of the country
mostly from South India (Chandran and Hughes, 1997) and Western Ghats (Chandraner al., 1998,
Gadgil and Vartak, 1976; Vartaker al., 1987), Central India (Patnaik and Pandey, 1998; Pandey,
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2000), North-East India (Chatterjee ef al., 2000; Tiwaryet al., 1998; Rodgers, 1994; Malhotra,
1990; Gokhaleer al., 1998; Gadgiler al., 1998), Garhwal (Anthwalet al., 2006; Sinha and Maikhurt,
1998) particularly associated with the settlement of aboriginals and other ethnic communities.

First attempt to document sacred groves in the country was made by Ward and Conner (1827)
followed by Buchanan (1870) and D. Brandis (1897) from some southern provinces. Kodagu
district of the state Karnataka is reported to harbour most number of sacred groves (873) with a
frequency of 100% at village level (Gokhale 2000 and Kalam 1996) and also have highest density
of sacred groves (one grove for every 300 ha of land) in the world (Kushalappaet al. 2001). Most
of the sacred groves (56% of the country) are reported to be concentrated in the two hotspot
regions: the Western Ghats and North-East Himalayan region (Ray e/ al. 2014). Manipur is the
leading state among North East India for having highest number of sacred groves and comes in
8th rank across the country.

Sacred groves are conspicuously scarce in the alluvial non-forest districts of Gangetic basin than
the lateritic region of West Bengal and till now nearly 670 sacred groves has been recorded (Deb
2007) and are found more frequently in the southwestern districts than northern districts of the
state (Deb and Malhotra 1997, 2001). Sacred groves are found more frequently in Purulia,
Bankura, Paschim Medinipur, Jhargram and Birbhum districts (Basu 2000, 2005a and 2005b;
Mitrael al. 2015, 2017 and 2018; Annon, 2019).

Floristic diversity

Sacred groves nurture the rich diversity of medicinal plants, higher diversity of tree species with
maximum regeneration potential unlike most of the forest reserves (Boraiahet al. 2003; Bhandary
and Chandrashekhar 2003; Jamir and Pandey 2003; Ramanujan and Cyril 2003). Majority of
studies on the floristic composition was done in South India particularly in the states of Tamil
Nadu, Kerala, Karnataka and Andhra Pradesh. The study on the sacred groves of Kanyakumari
district in Tamilnadu supported the fact that the sacred groves has a significant role in conserving
threatened plants. Documentation of 42 endemic, 40 very rare, 47 rare and 16 endangered plant
species evidenced the in-sifu conservation in these sacred groves (Sukumarane/ al., 2008). The
floristic exploration also indicated the pre-existence of climax vegetation of that region. According
to the study of Ganesaner al. (2009) 79% of the total floral species recorded were used for
medicinal purposes in the sacred groves of Pallapatty village, Tamil Nadu. The floristic
composition of 6 sacred groves in tribal dominated Koraput district, Odisa revealed that 39% of
total species have medicinal importance, 18% was of food value and 16 species were under [IUCN
threat category (Panda er al. 2014). 14 endangered and endemic species were recorded from sacred
groves with climax vegetation in Mayurbhanj district, Odisa (Kisku and Barik 2015). Sacred
groves of Jayantia Hills, Meghalaya in North-East India reveals climax vegetation of sub-tropical
broad leaved dense forest (Upadhayaer al. 2003). The state West Bengal also have the rich heritage
of nurturing floristic components and conserving the same. Sacred groves of Purulia, Bankura,
Birbhum, Paschim Medinipur and Jhargram districts in the Western plateau region represents mix
plant community of both forest and non-forest floral components (Dev 2007; Basu 2009; Manna
et al.2013, Kamilya&Paria, 1994; Mitraet al. 2014, 2015, 2017, 2018). Study of some sacred
groves in the eastern alluvial part of Birbhum district revealed an interesting fact of having riparian
vegetation just unlike the western lateritic part of the district (Manna ef a/. 2017). Chilki Garh
sacred grove in West Medinipur (now Jhargram) district itself can be compared to any reserve
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forest/conservation area because ofits diversified floristic wealth sustaining about 388 angiosperm
plant species, 30% of which are being used in local health care system (Kamilya & Paria, 1994).

Bio-resource Utilization

Most of the sacred groves in our country are believed to be immuned to harvesting of biological
resources. But study on some sacred groves also reveals that in some regions sustainable use of
bioresources is part of the culture of those sacred groves supporting the socio-economy and daily
life support of the area to some extent. The tradition of utilizing plant resources in terms of the
folk medicine and their propagation in the sacred groves is a culture incorporated in ethnic societies
in India (Chandrakanthes a/. 1990). Oran tribes were observed to graze their animals in sacred
groves (Singh and Saxena 1998; Jhaer al. 1998). Harvesting of dead biomasses from certain tree
species from sacred groves was evidenced in Ratnagiri district of Maharashtra (Godboleet al.
1998). In Odisha, collection of non-timber forest produces and dead woods was reported from 192
sacred groves in Koraput district (Malhotra e/ a/.1997). Unnikrishnan (1990) highlighted the
harvesting of plants for sacred groves supports the livelihood of people in some regions of Kerala.
Bio-resources of sacred groves are also of great importance in folk medicine practice in India. Use
of bark of EntadaphaseoloidesMerr.in treating cattles against snake bite 1s well established in
Tunbad village of Kobala (Gadgil and Vartak 1976).

Ecology and Ecosystem Services

Ecology of the sacred groves especially the structural attributes is very important to maintain the
function of their ecosystem services. The shape and structure of sacred groves 1s mostly determined
by canopy (Pascal ef al. 1988). Smaller sacred groves exhibit high variation and diversity among
themselves with respect to their species composition than the larger ones (Tambates a/. 2001). In
some sacred groves of North-East India it was observed that poor regeneration rate of trees leads
to higher population of mature trees than their seedlings due to dense canopy shed of the grove
hindering the penetration of sun light to the grove floor (Tripathi 2001). Phyto-sociology study of
some sacred groves in West Bengal reflected the organization of plant community establishing the
fact that the architecture of a grove depends on the tree-liana association which helps to provide
various ecological niches (Manna e al. 2013). Vegetation similarity-dissimilarity analysis through
beta-diversity between and among the sacred groves and existing forest nearby in alluvial plains
of West Bengal revealed the per-existence of ancient vast natural riverine forest from which the
sacred groves were derived (Manna e/ al. 2017). To assess the ecological role of sacred groves it
is essential to understand the current status, structure, function and dynamics including
physiognony, biological spectrum, species diversity, Ecological functions, and Rituals, worship
and celebrations in some sacred groves (Pushpangadanes al. 1998). To promote biodiversity
conservation more innovative scientific management approaches must be undertaken through
species richness and dominance diversity analyses with detailed analysis of local perceptions of
sacredness and factors causing erosion of traditional conservation culture (Singh er al. 1998).

Sacred groves have emerged as haven for biological diversity performing diverse array of
ecological processes uninterruptedly over long period of time due to controlled anthropogenic
activities through religious and cultural restrictions. These also play a crucial role in conservation
of soil and water and nutrient cycling. In Meghalaya sacred groves are observed to perform a
number of ecosystem services including protection of water sources and maintenance of clean
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environment (Tiwaryer al. 1999). Sacred groves provide more dependable source of water and
nutrients in the soil for the organisms living in and around the SGs (Puspangadaner al., 1998;
Hughes and Chandran 1998). Sacred grove creates favorable microclimate with increased
humidity and reduced temperature for sustaining many organisms (Khiewtam and Ramakrishnan
1989) including macrofungi (Bhagwater al. 2005). High rainfall leading to a rapid litter
decomposition rate and high rate of nutrient release in the soil suits the large above-ground biomass
and suitable for cycling of nutrients in Sacred groves of Cherrapunji. The land surrounding the
SGs in this area, which is devoid of necessary root mat and litter decomposition have less ability
to sustain vegetation (Khiewtam and Ramakrishnan, 1989). Rajendraprasad (1995) observed that
the soil of area surrounding sacred groves exhibit lower porosity and high bulk density than the
soils of groves in Kerala. With rich humus and dense networks of roots sacred groves are observed
to prevent soil erosion and foster soil building. Nutrient rich water runoff from sacred groves into
agricultural field was noticed to be fruitful in production of crops (Induchoodan 1996). A linear
relationship between diversity and richness of species and litter deposition was observed in sacred
groves which is similar to the tropical rain forest ecosystem (Rajendraprasades a/. 2000). Solis of
some sacred groves in North-East India are very rich in nutrient with higher moisture content, soil
organic carbon, total nitrogen and C/N ratio (Arunachalamer al. 1999; Arunachalam and

Arunachalam 2000) may be due to fine root system of groves preventing nutrients to wash out
(Vishalakshi 1994).

Sacred groves are also known to protect perennial water sources and during draught many animals
and birds depend on the ponds and streams adjoining the groves to fulfil their water requirements.
A large portion of water supply to Shilong depends on eight streams originated from the
LumShyllong-Nongkrim sacred groves in Meghalaya (Sethi and Viswanath 2003). In the Western
Ghats, neighboring communities has to depend on perennial streams of many sacred groves as
important water resources throughout the year (Chandran and Hughes 1997; Godbole and Sarnaik
2004; Waghchaureer al. 2006). Sacred grove (Orans) and their significance in water conservation
1s best witnessed in Rajasthan, where water bodies associated with orans served as lifelines for
local inhabitants and livestock. Jharan sacred grove in Jhalawar ensured the water supply to
Jhalawar city and protected the catchment of the stream from siltation (Pandey 2000). A well
protected sacred forest in Himachal Pradesh with varied specie composition, tree density and leaf
litter deposition sequesters carbon at significantly higher rate compared to other forest ecosystems
(Singh er al. 1998). At local levels even small groves can play important ecological roles in
pollination, seed dispersal and corridor provision for animals (Ray and Ramachandra 2010).

Biodiversity conservation
Conservation potentiality

Sacred groves are safe haven for some threatened taxa in India (Naidu ef al. 2015; Rajesh 2016;
Sujana and Sivaperuman 2008, Sen and Bhakat 2021). Sacred groves harbour arboreal trees as the
key stone species which serve as nesting and roosting sites of many animals especially birds, small
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mammals, reptiles, and insects helping in conservation of diversified animal populations (Islam e7
al. 1998). Sacred groves also represent the ancient way of in-situ conservation of genetic diversity
(Sukumaraner al. 2008 and Vartak 1996). Most of the sacred groves are present as refuge for
several locally endangered species and haven for sustaining regional taxonomic diversity with
veritable gene pool (Manna ef al. 2013). A report by WWF (1996) revealed that 134 species of
rare and endemic plants were nurtured in the sacred groves of Andhra Prasesh. Nearly 14% of total
species of sacred groves in Tamil Nadu were rare (Sukumaran and Jeeva 2008). 42 endemic, 40
very rare, 47 rare and 16 endangered plant species conserved in-sifu in some sacred groves of
Tamil Nadu (Sukumaraner al. 2008). The floristic diversity of sacred groves of coastal region of
Kerala documented 25 threatened plant species with their IUCN threat status and distribution as
well (Sujana and Sivaperuman 2008). A typical exhibition of significant germplasm conservation
of endangered species and seed source for restoration of vegetation was observed in sacred groves
of Meghalaya (Khiewtam and Ramakrishnan 1989). Sacred groves of Meghalaya was also found
to sustain 50 rare and endangered plant species (Tiwaryer al. 1998; Haridasan and Rao 1985). One
of the most important biodiversity hotspots, the Western Ghats having numerous sacred groves
harbours as any as 38 endemic plant species (Vartak 1983). Sacred groves are very significant to
nurture endemic animals and evidenced with 26 amphibians endemic to Western Ghats (Karnataka
region) and 11 under IUCN Red list (Chandraner al. 2010). Discovery of a rare species
Cinnamomum quilonensis was evidenced from some of the sacred grovesof Kerala (Unnikrishnan
1995) and a new species of frog Philautus sanctisilvaticus from Amarkantak sacred grove, Madhya
Pradesh (Das and Chanda 1997) supported the fact of inherent nature conservation through sacred
grove system. Sacred groves are incorporated into conservation programme of natural sites
worldwide and comes under the purview and legal protection as “Sacred Natural Sites” by the
World Commission of Protected Areas (WCPA) (Wild and Mcleod 2008). In India some sacred
groves have been tagged with legal protection as “Biodiversity Heritage Site” as per section 37(1)
of the Biodiversity Act, 2002 due to their contribution in biodiversity conservation, ecological
importance and socio-economic aspects.

Conservation practices

The sacred groves are managed traditionally through religious belief and cultural practices and this
inherent management practices vary according to the culture and religious beliefs of different
tribes/clans. For example, most of the cults associated with sacred groves of Maharashtra are
mother Goddess cults. In contrast, in Karnataka and Kerala there are non-sanskritic deities
including snake gods (Gadgil and Vartak 1976). Whereas, in West Bengal, the cults surrounding
sacred groves range from animistic tribal deities, ancestral spirits to sanskritized deities like Lord
Shiva, Goddess Kali and medieval subaltern deities like Goddess Sitala and Goddess Manasha
(Kosambi 1962; Gadgil and Vertak 1976, 1981). The Khariatribals of Odisha are well known to
maintain their ethnic tradition of worshiping the deities amidst sacred forest patches called
Baramsal or Thakuramsal outside their settlement area. Stones representing the deities,
ceremonially installed under some large Jari or Aswatha tree or mango tree or some other large
tree or clump of trees under the priesthood of Dehuri (Roy and Roy 1937). Amongst the ‘Muria’
tribe of Bastar, Madhya Pradesh there is a tradition of considering animals like elephant, horses
and bulls as very sacred in their culture and thus made large clay idol of those animals in front and
inside sacred groves (Elwin 1947). The culture and nature conservation practices of Santhals of
SanthalParganas (now parts of Bihar, Jharkhand West Bengal and Odisha), ‘Jaher Than’, a cluster
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of Sal trees, is the place of worshiping the deity, mostly located at the village periphery is a well-
known to the academic society (Biswas 1956). The members of each clan of Birhor tribe think
themselves as the descendent of a common ancestor belonging a particular hill and feel kinship
relation among all of them. Members of this tribe worship and sacrifice animals to the respective
deity facing the direction in which their traditional homes are situated. Birhors are also worshiping
few animal gods like ‘Baghbir’ (Tiger god), “Hundar-bir’ (Wolf god), ‘BirBanhey’ (Orangutan),
‘Bandar Bir’ (Monkey god) and ‘Hanuman bir’ (Baboon god) (Roy 1978 and Adhikary 1984).
Despite of having severe economic crisis the tribals of West Bengal are still protecting these sacred
groves through taboo based socio-religious ethos and maintaining the tradition of their indigenous
cultures towards conservation (Deb and Malhotra 1997).

Nature conservation has been an integrated part of socio cultural practices in ritualistic systems of
indigenous ethnic human societies in India. Worshiping natural components like plants, animals,
rocks etc. for getting protection and prosperity and overall wellbeing has been the pioneer steps
towards conservation in this country. These practices are still prevalent in different parts of the
country especially where the ethnic societies thrive. Pre-scientific societies can and do adopt
conservation practices on the basis of their experience; implemented through the medium of
religious beliefs and these practices assumed to be arrived at through a trial-and-error process
based on very simple rules of thumb leading to sustainable use of bioresources. The tribal people
believe that the forests are the abodes of natural spirits who protect the villagers from fire during
burning operations of shifting cultivation (Gadgiler al. 1998). Adaptation of evolving effective
methods of prudent utilization of the resources by ethnic Indian societies by giving several specific
examples of various practices on the exploitation of wild plant and animal resources from sacred
groves, pools and ponds (Gadgil 1985, 1989). The collaboration oflocal people and the state forest
department for conservation of some sacred groves (Kans) of Western Ghats through Joint Forest
Management programme established an ideal approach towards biodiversity conservation
(Gokhale 2001). Resource management system by traditional societies based on simple rules of
the thumb existed in different countries with the reference of sacred groves as one of the finest
instances of traditional conservation practices (Chandran and Gadgil 1993). Strength of belief in
taboos is directly proportional to the conservation of biodiversity (Oliver ez al. 1997). Sacred
groves (Saranas) of Jaspur Forest division of Raigarh district of Madhya Pradesh are observed to
be poorly managed due to grazing (resulting in poor regeneration rate of plants), uncontrolled
exploitation of NTFPs and encroachment (Patnaik and Pandey 1998). The pattern of management
practices in the sacred groves varies with the variation of geographical region and the culture of
ethnic community akin to sacred groves. As India has diversified geographical terrains and socio-
cultural pattern, sacred groves in different parts of the country are being managed by ethnic people
in various ways. Practices and mechanisms for management of sacred groves are not considered
separate phenomena but interlinked with one another and coevolving (Colding and Folke 1997).
Many traditional management systems contribute to the conservation of biodiversity through a
number of practices, including the use of more varieties, species, and landscape patches than do
modern agricultural and food production systems (Nabhan 1985, Warren ef al. 1995, Sporrong
1998),and by monitoring and responding to ecosystem change (Berkeser al. 1995). In such cases,
biodiversity conservation is not necessarily the objective of the practice but a consequence of it.
In south India, many wading birds are hunted outside the breeding season; they are not hunted in
heronries that offer year-round sanctuaries and that may be on trees in the middle of a village
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(Gadgilef al. 1993). Sacred groves may serve for the protection of specific habitats, and continue
to be important in many areas, but have been disappearing as a result of change of rural economies
and denigration of local traditions (Dei 1993). Habitats protected by sacred locales may be
recruitment areas, for example, for populations of seed-dispersing birds and bats that are of
importance for renewal of surrounding ecosystems (Gadgiles al. 1993). Folklore and knowledge
carriers help to maintain ecologically sound management practices. These carriers may be local
stewards and leaders (Pinkerton 1998), elders (Berkes 1998), or mythical figures in the local
culture. Taboos and other regulations are critical social mechanisms for resource conservation, and
have the potential of building resilience in ecosystems (Johannes 1978, Chapman 1985, Colding
and Folke 1997, Colding 1998). Taboos are merely one form of a larger set of social and religious
sanctions, which may be used in conservation and resource management. In pre-colonial Era, there
were sacred forests and sacred trees of various types, as in India (Gadgiler a/. 1998) and elsewhere.

All form of vegetation in the groves are supposed to be under protection of reigning deity of
concerned grove and removal of any biomass even a small twig is a taboo (Vartak and Gadgil
1973; Khan ef al. 1987; Khiewtam and Ramakrishnan 1989). Many sacred forests in Meghalaya
are considered as classified under the legal protection of United Khasi-Jaintia Hills Autonomous
District (Management and Control of forests) Act, 1958 and are also managed by implication of
definite rules and regulations by the traditional village level institutions (Tiwari e/ al. 1999).

Concerns

In spite of immense ecological and socio-cultural value, since few decades a trend of declining
number and shrinking size of sacred groves i1s noticed in India. As a result many endemic, rare,
endangered, threatened and other taxonomically and ecologically important plant and animal
species are disappearing in large number due to erosion of socio-cultural, religious ethics and
remarkable change in economic spheres of the people over the past few decades (Tiwaryer al.
1999). In most of the cases threats have been causing the loss of sacred groves in India which
includes commercial forestry, development projects, shift in belief system, sanskritisation,
pilgrimage and tourism, removal of biomass, encroachment, modernization and market forces,
fragmentation and perforation (Malhotra ef a/. 2001). Sometimes original vegetation of sacred
groves was found to be reduced due to invasion of exotic species like Lantana camara,
Chromolaena odorata etc. (Mishra et al. 2004; Rao et al. 2011; Chandrashekhara 2011).
Disturbance in the landscape caused by human interference often lead to introduce new species
into the grove system that affect grove biota and impact the ecological function of the area
(Gokhlae 2005). Poor regeneration rate due to various anthropogenic activities like grazing of
cattle, unrestricted entry, over exploitation of resources is an alarming threat for the sustenance of
the local vegetation push many endemic and endangered species with high spacio-temporal
sensitivity towards extinction (Barikes al. 1996; Ray 2011).

Way forward

Worldwide, the system of sacred groves are very ancient tradition of conserving natural
components especially biological diversity through inherent socio-cultural practices. Most of the
sacred groves exhibit climax vegetation and sustain more heterogeneous biodiversity than the
modern systematic reserves because of the system of controlled anthropogenic activities providing
scope of natural succession. These small fragmented landscapes are of immense value in term of
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conservation of threatened and endemic taxa, for maintenance of veritable gene pool, germplasm
conservation, recycling of nutrients, maintenance of water and soil quality and many more
ecological processes. Thus sacred groves can be enumerated as local biodiversity hotspot. The
structure of sacred grove vegetation actually controls the functioning of ecological process. The
traditional inherent system of managing these ecological heritages are very important aspects for
their sustenance. But existence of these natural treasure houses is in question due to loss of belief
in taboos and erosion of socio-cultural ethos along with threats from modern developmental
approaches. Lack of legal regulations and imbalances in observational studies are the key factors
leading to the degradation of sacred groves in India. There is an urgent need for strengthening the
existing traditional management system through collaboration of local stockholders, concerned
government bodies, research organizations by adopting integrated sustainable management system
through convergence programme to mitigate the crisis of sacred grove of being abolished through
gradual but steady degradation in due course.
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Abstract

In recent years, graphene has attracted attention. Grapheneis a thick planar sheet of sp? bonded carbon atoms. Its
lattice is honey comb structure. Graphene is one of the most rising material due to its various fascinating]
properties.From recent study it is proved that graphene based composites with different nanoparticle show extensive
application. In this review we focus on recent developement n the synthetic approach, properties and the facilities
ol use ol graphene nanoparticle composites. The advantages ol graphene-nanoparticle composites are specilically
observed in catalytic reactions.electrochemical sensing, detection by surface enhanced Raman spectroscopy,
purilication of waterusing adsorbent and other applications are discussed here.

Keywords:Graphene, nanoparticles, composites, catalysis

Introduction

Graphene is a single layer ol carbon atoms connected in a hexagonal structure[1]. Each ol these
carbon atoms is sp’-hybridised. Graphene has high conductivity, large surface area, high
mechanical and thermal stability |2|. Because of such propertics graphene has shown a great
promise in a wide range ol applications .Especially, high charge carrier mobility (up to 10° cm?
V1 §1), high intrinsic strength(130 GPa), high thermal conductivity at room temperature (10°
wm K1) and large surface area (>2000 m* g') compared to graphite (10 m’g™) or carbon
nanotube (1300 m’ g') have been utilized to make graphene based nanocomposite for optical
and clectronic application |3 |. The working cfficicncy of graphenc based materials is gencrally
higher than other.

Due (o hydrophobic in nature, does not dissolve in hydrophilic solvent. Highly colloidally stable
exfoliated sheets of GO is produced by the chemical exfoliation method. GO contains sp’
hybridised carbon and with oxygenas hydroxyl, epoxy, carbonyl and carboxyl etc functional
groups. However, unique propertics of graphene arc compromised in GO, that limits its usc.
Reduced graphene oxide (RGO) increases the number of sp’ hybridised carbon atoms and the
lost propertics of graphene arc recovered. Self-aggregation process, lower solubility but with
cnhanced conductivity, light absorption property, mechanical and thermal stability arc increased
by RGO. Similar to GO, RGO is used in synthesis ol graphene based nanocomposites [3-11].

Nanoparticles are widely used in optical, biomedical and electronic application. Metal/metal
oxide nanoparticles (e.g., Pt, Pd, Co3;0a4, Au, Ag), semiconductor nanoparticles (e.g., TiO», CdSe,
ZnS, 7ZnO) and magnetic nanoparticles (c.g., Fe2Os, FeiOs).Metal/metal oxide/hydroxide
nanoparticle acts as active centre for chemical/clectrochemical reaction (c.g., O2 reduction,
biofuel oxidation, organometallic reaction ). The semiconductor nanoparticles have definite
energy band gap. It act as photocatalyst. The magnetic nanoparticles have been used in magnetic
separation and magnetic resonance imaging applications. In biosensing application Ag, Au, Pt;
in photocatalytic application Pt, Pd, Si, SnO2, MnO>, Ni(OH)> and Fe3Os, y-Fe20O3 based
nanoparticles are mainly used in magnetic separation application [12-17].
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Graphene-nanoparticle compositesshows the property of both component and removes some of
the limitations and enhances the performance of individual component.

Synthesis of Graphene-Nanoparticle(G-N) Composites:

Synthesis of high quality graphene helps to control its physical and chemical property.In Figurel
chemical structure of graphene, GO, RGO, G-N composites are shown. Graphite is the natural
choice as a starting precursor to produce graphene as graphiticlayers are already present within
graphite structure and graphene canbe obtained by simply “peeling off™ these graphite layers via
mechanical and/or chemical means [23-24|. By micromechanical exfoliation on silicon substrate
or chemical vapour decomposition(CVD) on transition metal surfaces, high quality graphene is
synthesized but these methods have low production efficiency |25-26|. Figure 2 shows
summarized different syntheticapproaches and Figure 3 summarizes the methods (as well as costs
associated with the methods).

Fig. 1. Chemical structure of graphene oxide (GO), reduced graphene
oxide (RGO). graphene and graphene-nanoparticle (G-N) composites.

Tigure 1 adapted [rom A. Mondal and N. R Jana, Reviews in Nanoscience and Nanotechnology, Graphene-
Nanoparticle Composites and Their Applications in Energy, Environmental and Biomedical Science, Vol. 3, pp.
177-192, 2014

By modified Hummer’s method colloidal GO is synthesized from graphite flakes . G-N
composites are synthesized by in-situ reduction of metal ions in presence of colloidal graphene
oxide.
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177-192, 2014

Tig 3. adapted ormQing Li, Nasir Mahmood, Jinghan Zhu, Yanglong ITou and Shouheng Sun, Graphene and 1ts
Composites with Nanoparticles for Electrochemial energy applications, Brown University and Peking University.

Research on Graphene and Graphene Nanocomposites

Graphene has revolutionized modern day technology with its remarkable and unique properties.
The research has exponentially grown by numerous universities, R & D establishments and many
morc privatc and governmental bodics around the world. Rescarch on Graphenc can be found in
cvery aspcect .

Quantity of publications in Graphene since 2000

Using the web science tool, a clear representation of the publication trend on graphence is shown.
The publication trend since the year 2000 (January) that the amount of research has grown
exponentially from 106 articles in the year 2000 to 8,169 articles in the year 2012 (December) in
Figure4.As Figure 5 shows, physics (record count: 13,756) is the most ofien research area,
followed by chemistry (9,231), material science (8,458), science and technology (5,779)
engincering (1,677), clectrochemistry (932), and so on |35-36].
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A country wisc scarch was conducted to find number of publication in graphenc rescarch since
2000. Figure 6 showsthat the United Stales takes highest position in the chart with highest
number ol publications, 6,500 [ollowed by China with 6,400, Japan with 1,979 and so on. This
indicates the importance given (o graphene research and the quantity of research around the
globe.Competition will intensily among various countries [or thehighest position, quality,
applications, patents, commercial products and futurc markets of grapheme |37-39].
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Patents on Graphene since 2000

Patents play a major roleon the scientific and industrial platform. According to the data provided
by Lv et al. (2011),more than 50 countries have filed nearly 823 patents on graphene from
January 2000 to December 2010, in 15 different disciplines. These data show that the top
countries obtaining and applying for patents are the USA, followed by Asian nations. China,
Japan and South Korea contribute almost 25% of all the patentpublished in Asia.In the last ten
years, Asian countries have recorded an explosive patent growth of almost 87% in the field of
graphene. Fromthe graph (Figure 7), it is evidentthat the future of R & D for graphene-based
nanocomposites is very bright with high prospects. Since the average annual number of patents
and publications for graphene is very high and increasing dramatically, it appears that
investigations of graphene’s properties are likely to focus in the near future on nanocomposites
as the primary area ol application [40-45].

Properties of Graphene-Nanoparticle (G-N) Composites

Chemical modification of graphene with other elements has been explored extensively to
improve intrinsic properties, ol graphene derivatives.Doping heteroatoms (e.g. N.B,P or S) into
the graphene lattice enhance the electronic and geometric [eatures of the resultant graphene. In
this case number of active siles increases [or stronger molecular adsorption. For electrolytic
reaction such doping is important to [urther controll the graphene properties [46-47].

Because of graphene’s exceptional thermal, mechanical, and electronic properties, it stands out
as the most promising candidate to be a major [illing agent [or composite applications. Graphene
nanocompositcs at very low loading show substantial cnhancements in their multifunctional
aspects, compared (o conventional composites and their materials. This makes the material
lighter with simple processing and stronger for various multifunctional applications.Therefore
the graphene —nanoparticle junction area can become catalytically “hot™ spots to catalyze the
reactions.

In GO, the n-7* transition is not observed due to lower percentage of conjugated double bonds.
[fthe chemical reduction of graphene oxide is done by hydrazine, percentage ol conjugated
double bond and appearance of n-n* transition band at 260 nm increases.In G-N composites both
components shows optical property. Figure 8 G-N composites with plasmonic silver or gold
nanoparticles shows respective plasmonic band along with graphene band. However, plasmonic
band is extensively damped by graphene. The plasmonic bands for silver and gold nanoparticles
are observed at - 400 nm and - 530 nm, respectively, along with the 7-m* transition band at . 300
nm5]'5(‘.

Raman spectroscopy is a non-destructive tool for the analysis of order and disorder of the
crystallized carbon samples. In pure form graphene has ordered structure. Due to scattering of the
Elg photon of the sp’hybridised carbon an intense graphitic bands (G) at 1600 cm™ is
observed.Figure 9. As the disorder arises on graphene surfaces a new detective band (D) at 1300
cm! arises from breathing mode of point photons of Alg symmetry. Disordering on graphene
surface occur due to chemical oxidation, doping and thermal anncaling and results the disruption
of sp? domain of graphene surfaces. The ratio of intensity of defective band to graphitic bands
(In/I) elucidate the intensity of defective band to graphitic band.In/I¢ ratio is > 1 indicates the
prominant defective nature of graphitic structure. It becomes 1.9-2.1 by incorporation of
nanoparticles on graphene surface [57-64].
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T'1g.8 UV wvisible absorption spectra of GO, RGO and dillerent G-N composites madeol silver nanoparticle (G-Ag),
gold nanoparticle (G-Au) and platinum nanopaticle (G-Pt).

T1g.9 Characteristic Raman spectra of diflerent G-N composites, G-Ag, G-Au, G-Pt, G-Cu and G-y-TI'¢;0;; showing
the G-band and 1)-bands of graphene..

Fig. 10 Characteristic XR1) spectra of different G-N composites, (i-Ag, GG-Au, G-Pt, G-Pd, G-Cu and G-y-Fe;Os;
showing the rellections [rom nanoparticle and carbon. I'ig 8.9,10 adapied [rom A. Mondal and N. R. Jana, Reviews
in Nanoscience and Nanotechnology, Graphene-Nanoparticle Composites and Their Applications in Energy,
Environmental and Biomedical Science, Vol. 3, pp. 177-192, 2014

Characteristic reflection [rom both components can be observed [fom XRD ofG-N
composites.Figurc 10 The RGO of two broad reflections of graphitic plancs of carbon (002) and
carbon (100).The number of layers and d spacing between the planes can be derived from Scherer
cquation as thc number of stacking laycrs incrcases the reflection from crystalline carbon
becomes  sharper. G-N  composites show  respectivereflections  from  nanoparticle
componentsalong with reflection for graphenc component. (Fig. 10) For cxample, G-N
compositeswith silver nanoparticle shows reflections due to silverplancs of (100), (200), (220)
and (311) along with reflection at graphitic plane. G-Pt composites shows the broad reflections
of platinumplanec at (111), (200), (220) along with graphite planc at (002). When less noble metal
is used the reflection of the respective metal oxide dominates. For example copper and paladium
based nanocomposites show reflection of metal oxides. The G-Cu composites showthe reflection
of Cu metal at (111), (200), (220) and reflections of copper oxide at (200), (111), (220). G-Pd
composites shows the reflections of palladium oxide at (101), (110) along with the signature of
graphite.

Application of Graphene-Nanoparticle (G-N) Composites

Graphene nanoparticle compositeshave versatile applications. presence of nanoparticle lowers
the aggregation property of graphene and thus its high surface area and other properties are
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largely remain intact.As a result G-N based composites have combined property of both
coponents suitable for various applications. In following sections we will discuss some of the
emerging arcas they have been used highlighting their advantages.

Enhanced Catalytic Property

In various organic transformation reactions, metal or metaloxide nanoparticles are used as
heterogeneous catalyst. For better performance of different types of organic conversion reaction
graphene based materials used as catalyst support. Table 1 and Figure 11In general G-N
composites offer high conversion yield. composites catalysts are stable under repeated use. Silica
coated positively charged iron oxide and silver nanoparticles have been used to clectrostratically
mnteract with colloidal GO followed by chemical reduction to produce graphenc based
composites.For click reaction, A* coupling reaction and alcohole oxidation reaction, this
composites have been used. The mixture of copper salt and GO are simultancously reduced to
form G-N composites and showed high catalytic activity for O/N-arylation. The TEM study
shows that the copper nanoparticle of size 2-3 nm and sillica coated silver nanoparticles of size
7-8 nm are uniformly distributed on the graphene surfaces.Figure 11(b) The graphene surfaces
not only stabilize the active y-Fe.Os/Ag/Cu nanoparticlesbut it can also provide a suitable
platforms or medium for reacting molecules to carry oul reaction smoothly and with higher
cfficiencics.

TablelSummery of application of G-Ncomposites as heterogeneous catalyst

Composites Application Advantage
GO-Pd. G-Pd suzuki copling, suzuki-Miyaura GO/ graphene as better
coupling, Heck caction supportthan carbhon
black
G-Fe304-Aun, G-y- O-pilroaniline (o benzediamin, Graphene  as  betier
Fexl)s trinzoles  synthesisvia  click support and magnelic
chemistry separation
GO-Ag, G-Ag decarboxylative cycloaddition, Iligh catalyst stability,
A* - coupling efficient catalysis
G- Cu, G-CuO Arylation Graphene as conductive
support, stabilize Cu /
CuO
G-Ru Arene hydrogenetion High catalysi stability
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Figure-11(a) Schematic representation of (;-N composites catalyzed different organic reactions, (b) TEM images of
(-N composites made of copper nanoparticle ((G-Cu) and silver nanoparticle (G-Ag) and (c) GG-N composites based
catalytie arylation, oxidation, chek reactionIig. 11 adapted [rom A, Mondal and N. R Jana, Reviews 1n
Nanoscience and Nanotechnology, Graphene-Nanoparticle Composites and Their Applications in Energy,
Environmental and Biomedical Science, Vol. 3, pp. 177-192, 2014

Duc to large surface arca and high local concentration of clectrons on the nanoparticles, large
number of reactant molecules can casily adsorb on the graphenc surfaces and fascilate the A®
coupling, arylation and click reactions.The oxidation reaction of alkyl/nitro substituted benzyl
alcohol molecules is catalyzed duc to presence of oxygen functionality on the graphenc surface.
The number of catalytic centres can be increased by the decoration with smaller size and
uniformly dispersed nanoparticles on graphene surfaces which results in better catalytic
conversion. The stabilization of nanoparticles on graphene surfaces give higher catalytic
performance | 82-86].

Enhanced Electrochemical Detection Sensitively and Selectively

For diagonosing different types of biomolecules, toxic materials and cxplosive materials,
electrochemical technique is an important tool. Graphene has been used in electro chemical
sensing application of different biomolecules. Graphene oxidizes at high positive potential (2.5
V in mM phosphate buffer solution), so the molecule having high reduction or oxidation potential
can be detected by electrochemical technique. The edges and defects in few layer RGO are
considered as superior part for electrochemical activity.Different types of G-N composites are
used for electrochemical biosensingwhich are abridged inTable 2.

To enhance the selectivity or sensitivity, G-N composites are designed. The selectivity comes
from surface charge present in composites or selective affinity of analyte to any component of
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composites. The sensitivity arises from large surface area, high loading of nano particle and high
conductivity of graphene. These factors facilate high adsorption of analyte and eletron shuttling
from analyte to electrode or vice versa [92-96]

Representative example of graphene based composites with gold nanoparticle (G-Au) and their
clectrochemical detection is shown in Figure 12. TEM imageshows bright round spot observed
on graphene surface as gold nanoparticle and similar morphology is expected when they are
used to modify the working clectrode.For resolution of individual redox signals, finer
optimization of loading of Au nanoparticles on graphene surface is important. Thus, sensitive and
sclective detection of ascorbic acid , dopamine, uric acid or DNA bases can be performed from
mixture. In most of the cases ascorbic acid supress the redox signals of dopamine/uric acid. The
oxidation pcak potential of ascorbic acid is shifted by G-Au towards lower potential and thus
signal is isolated |97-113]

Table2 Summary of application of G-N composites in clectrochemical sensing.

Composites Detection Application Advantag
G-Pt-PVPY, Glucose High Sensitivity
G-Pt 1201, cholesterol, arsenic, ITigh Sensitivity,
ascorbic acid-dopamine-uric simultancous
acid mixture detection of analyte

from mixture

G-Au-chitosan Glucose, uric acid, uric acid- Simultancos
adrenaline mixture detection of analyte
from mixture

G-Au Ascorbic acid-dopamine-uric High sensitivity,
acid mixture, guanine- simultaneous
adenine-thymine-cytosine detection of analyte
mixture from mixture

G-Au-PDDA? Organophosphates High

sensitivity

Notes : 'polyvinyl pyrrolidone, *poly diallyldimethylammonium chloride
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Figure-12 (a) schematic representation of synthesis of (G-N based composites with gold nanoparticles (G-Au) and
mechanism ol clectrocatalysis, (B)FESEM mmage ol G-Au (¢) TEM mmageol G-Au and (d) dillerenual pulse
voltametry response of mixture of ascorbic acid (A), dopamine (1J) and uric acid (U) by differently modified glassy
carbon clectrode. T'ig. 12 adapted [rom A. Mondal and N. R. Jana, Reviews mn Nanoscience and Nanotechnology,
Graphene-Nanopartiele Composites and Their Applications m Energy, Environmental and Biomedical Seience, Vol
3, pp. 177-192, 2014

Enhanced SERS Detection Sensitivityand Reproducibility:

For the detection ol low concentration ol molecules SERS is a highly sensitive technique. The
clectromagnetic cnhancement is responsible more than chemical enhancement for the sensitive
detection. Graphene and GO based composites with plasmonic nanoparticle have been used (o
improve the detection sensitivity and signal reproducibility. (Table 3, Figure 13) At the surflace
ol graphene/GO, large number ol nanoparticles are attached and control their aggregation
(dimmers / oligomers). For this reason more number ol electromagnetic hot spots are [ormed that
are responsible for SERS. The SERS signal intensity is enhanced due to adsorption of Raman
probes on those hot spots'>'"”. (Fig 13(d)) Surface of GO/ graphene help for adsorption of
Raman probes which are commonly having n- ring structures. The electrostatic interaction, m-mt
stacking or H- bonding interaction between Raman probe and G-N composites can induce their
positioning at hot spots. Using this approach various dyc molecule, toxic metal ions and
biomolecule are efficiently detected | 120,121

Reproducibility of SERS signal can be significantly enhanced. Very poor reproducibility of
SERS signal is obtained in salt induced uncontrolled aggregation of plasmonic nanoparticle
because it generates electromagnetic hot spot at intermediate stage. Thus limits for reliable
detection application.Stable aggregates is generated by G-N composites and thus reproducibility
of SERS signal is enhanced. (Fig. 13) For example, plasmonic hot spots have been stabilized by
GO liquid crystals that significantly enhance the SERS signal reproducibility. (Fig. 13(c))
approach have been used for sensitive detection of different biomolecule suchas adenine, biotin
and thaimine'>*-12¢,
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Table 3 G-N Composites used in SERS based detection

Composites Detection Advantages
Application
G-Ag Allura red, ponceau, High detection sensitivity
erythrosine colourants
in foods
GO-Ag Folic acid High sensitivity due to

formation of  more
electromagnetic hot spots

RGO-Au Tg(ID) Ultrasensitive detection
GO-Au Malachite High sensitivity due to
green chemical and
clectromagnetic

nhancement effect

GO- Rhodamine 6G, High  sensitivity  due

Agl@Au 4- tostabilization of
mercaplopyridi clectromagnetic hot spots
ne, byliquid CRYSTALLINE
biomolccules g0

GO- Glucose High detection sensetivity

Ag@Au

a)

e

4

Gco

GO-AgEDAU
4 = Raman probe | = graphens oxide
(GO)

Figure-13 (a)Schematic representation SERS approach using G-N composites with silver coated gold nanoparticle (G-Ag@ Au). (b)
TEM image of representative G-Ag@Au composites, (¢) reproducible SERS signal of 2-marcapto pyridine using G-Ag@ Au
composites and (d) SERS detection of biomolecules using G-Ag@Au composites. Fig. 13 adapted fromfrom A. Mondal and N.
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R. Jana, Reviews in Nanoscience and Nanotechnology, Graphene-Nanoparticle Composites and Their Applications in
Energy,Environmental and and Biomedical Science, Vol. 3, pp. 177-192, 2014

High Performance Fuel Cell Catalyst

For fuel cell application, Graphene-metal hybride materials are used as alternative electrode
materials. The aim of fuel cell research is to get green energy from chemicals using
clectrochemical approach. The reactions are performed on electrode surface. Current is generated
for these reactions [127-130|. We know direct four clectron reduction of oxygen to H>O is more
cfficient and desired compared to two clectron reduction which leads to the formation of H>O»
[131]. Various clectrocatalyst such as metal nanoparticles (e.g. Pt, Pd, Au), bimetallic
nanoparticles (c.g. PtAu, PtAg, PtCu, PdCu) and metal oxides arc used duc to low cfficiency.
But the problem is generation of poisoning intermediate such as CO in many of thesc catalytic
fuel cell reaction. It hampers the long term stability of the catalyst.In order to solve these issues
the G-N based composites have been used as clectrocatalyst. The poisoning cffect is decreased
by using graphenc as support and gives longer life time to the catalyst | 132-138].

The main criteria of the G-N composites based catalyst arc uniform loading capacity of
nanoparticles which gives high surface arca, intact binding between two components and
minimum use ol stabilizers. The advantages ol G-N composites based catalyst are minimization
of catalyst poisoning, maximization of catalytic current and stablc catalytic current with
repeated cycles'®* 1% (Table 4, Figure 14).

Table 4 Summary ol application ol G-N composiies as [uel cell catalyst

Composiles

T'uel cell reaction

Advantages

G-Pt, RGO-Pt 0O, reduction, HCOOH High cataytic current, high
oxidation, methanol catalyst  stability,  more
oxidation carbon monoxide tolerance

GO-Pd, G-Pd TICOOII oxidationmethanol [Tighcatalytic current, stable
oxidation, ethanol oxidation catalytic current to repeated

cyeles

RGO-Au 0s reduction ITigh onset potential, high

catalyst stability

G-PtiPd Methanol oxidation lLow  carbon  monoxide

poisoning

G-PtAu HCOOH oxidation Low  carbon  monoxide

powsoning,  high  catalyst
stability

G-noble metal

Ethanol oxidation, TICOOIT
oxidation

Stable catalytic current

G-Cos Oy

0, reduction

High catalyst stability
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Tigure-14 (a) Schematie representation ofsynthesis and fuel cell catalytic application ol G-N composiies, (b) TEM
image of platinum nanoparticle ((G-Pt) and palladium nanoparticle (G-Pd), (c) electrochemical oxidation of 0.5 M
cthanol n 1 M KOII using G-Pt composites with respeet o control 1 (G-N composites produced by reduction ol
platinum salts and (GO ) and control 2 (20% wt% Pt on graphitized carbon) and (d) electrochemical oxidation of 0.5
M ethanol in 1 M KOH using G-I’d with respect to control 3 ((G-N composites produced by reduction of palladium
salts and GO. Fig 14 adapted from A. Mondal and N. R. Jana, Reviews in Nanoscience and Nanotechnology,
Graphene-Nanopartiele Composites and Their Applications m Energy, Environmental and Biomedical Science, Vol.
3, pp. 177-192, 2014

The active surfaccarca is decrcased duc to commonly used surfactant and polymeric stabilizers.
In G-N composites based approach, using graphenc as nanoparticle stabilizer and supported
catalyst this problem can be solved. G-Pt and G-Pd composites arc preparcd by using this
approach. Colloidal platinum oxidc/palladium oxide nanoparticles arc trcatedwith partially
reduced GO'"¥1*¥_(Fig. 14) The Pt Nanoparticles with average size 2.3 nm and palladium oxide
nanoparticles with average size 3.5 nm are uniformly distributed on graphene surfaces as seen in
the TEM image. (Fig. 14(b))The current density( based on the actual surface arca) for cthanol
electro-oxidation using this G-Pt composites is higher than control 1(G-Pt prepared by insitu
reduction of platinum salts in presence of GO and control 2 (20% wt% Pt on graphitized
carbon).(Fig. 14(c)) Similarly, the current density for ethanol oxidation by G-Pd is higher than
the control catalyst produced by the in situ reduction of salt in presence of GO (Fig. 14(d)).In
addition no CO oxidation peak is observed in the forward reaction using the G-Pt /G-Pd
composites. Overall, the performance of these catalyst toward electrochemical oxidation of
cthanol and formic acid is very good and they produce high current density with low poisoning
cffect and catalytic current is stable to repeated catalytic cycles.
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High Performance Adsorbent for Water Purification:

There are various methods for waste water treatment such
asmembranecbasedfiltration,ionexchange, adsorption, precipitation and amalgamation. Among all
methods the adsorption based method is cost effective and mostly widely used for removal of
various pollutants.For such purpose activated carbons and porous carbons are commonly used.
The magnetic metal oxide nanoparticle are also used as adsorben. There are few limitation such
as limited functionalization and stability issues, poor dispersibility in the commomly used
adsorbent.Most of the limitation are removed by using G-N composites. G-N composites made
of magnetic nanoparticle (c.g. Fezos / y-Fe203) can solve most of the limitations of magnetic
nanoparticles and graphene. Such composites have high surface are, magnetic property and high
scparation cfficiency. Table 5. The different organic substrates arc cfficiently adsorbed on
graphene surfaces through n-m interactions, electrostatic interactions andweak interaction. . The
positively charged silica coated y-Fe:Os3 nanoparticles are treated with negatively charged GO
followed by hydrazine reduction that results magnetic G-y-Fe;Os composites. The y!%-Fe,0;
nanoparticles with average size of 15 nm are well distributed on the graphene surfaces as
obscrved in the TEM images. (Fig. 15b)) Endocrine disruptors can be removed by mixing G-y-
Fe-Os composites with waste water followed by magnetic separation of G-y-Fe>Os composites
to get clean water. (Fig. 15(a)) These endocrine disruptors are adsorbed on the graphene surfaces
throughthe m-m interactions, hydrophobic interaction and electrostatic interaction. Typicalresults
are shown in Fig. 15(¢c) for G-y-Fe:Os- based separation of bisphenol A. It is shown that
performance of bisphenol A. It is shown that performance of bisphenol A separation by G-y-
Fc20s3 1s better than commercially available activated carbon.

Table 5 Application ol G-N composites mn walter purilication.

Composites Removed pollutant Advantages

GO-T'e204 Cu(Il), Co(II), fulvic acid, Lasy and cllicient
thodamine B, acid blue, separation, magnete
malachite green separation

RGO-Fe O, As(I1D), As(V) High adsorption

capacily

G-T'esOy Salranine T, ncutral red, Lilicient separation
victoria blue

G-y-Fe, 0, Endocrine disrupters Efficient separation

RGO-Zn0O Rhodamine B Adsorption and

photodegradation
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T'ig. 15(a) Schematie representation of separation ol endocrine disruptors [rom water using G-N composites made ol
v-Fe203(G-y-Fe20s), (b) TEM image of (G-y-Fe;O; and (¢) comparative separation cfficiency of bisphenol A by
activated carbon and G-y-Fe:0: as observed by UV- visible absorption spectra of bisphenol A. Fig. 15 adapted
[rom A. Mondal and N. R. Jana, Reviews in Nanoscience and Nanotechnology, Graphene-Nanoparticle Composites
and Their Applications in Energy, Environmental and Biomedical Science, Vol. 3, pp. 177-192, 2014

Efficicnt Photocatalyst

The G-N composites contained semiconductor nanoparticle used in photocatalytic applications
[160]. Graphene nanoparticle composites reduce CO> into reactive carbon forms.(Table 6) .Due
to chemical stability, nontoxicity and low cost, TiO»- based nanomaterials are widely used as
photocatalyst.Photocatalytic elTiciency of Graphene-TiO> composites is higher than bare TiO-.
A significant limitation of TiO based materials is that it has large band gap. It is active only
under UV light. To expand photocatalysis under visible light, materials that absorb in the visible
range and offers photocatalysis under sunlight are developed. The graphene based composites
with Ag;PO4, CdS have been used for such visible light photocatalytic degradation and
photocatalytic conversion reactions | 161-165. |
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Table 6 Summary of application G-N composites as photocatalyst

Composites Molecule Advantagea
degraded

RGO- Methyl  orange, Efficent degradation under

Ag;POy methylene blue visible light

GO- AO7 dye, phenol Efficient degradation under

AgsPOy visible light

G-Ti0; Methyl  orange, Efficient degradation under
alkyl phenol, UV light
butane

G-/nS Conversion of Graphene capture visible light
alchole o and act as photosensitizer
aldehyde

G-CdS Rhodamine B Efficient degradation under

visible light

Table 7 G-N composites used for supercapacitor application

Composiles Advantages Reason
G-ZnO Reversabie charging-discharging, Intercalation of ZnO
high capacitance between graphene
G-Ni(OII), Ihgh cnergy  densities, high Intercalation ol
power densities long cycle life nanocrystalline

Ni(OID): between
graphene

G-Sn0; IIigh capacitance Synergistic  efleet ol
Sn0O, and graphene

G-MnO», Flexible, light weight, high High surface area,

GO-MnO,, performance,  high  charge- porous structure and

G-Mn; 0, discharge rate, long cycle life conductive matrix
promote fast Faradic
charging and
discharging

G-Ru0s, G- High capacitance Minimum

Ti0,, G- agglomeration ol

Fe; 0, metal oxide helps
ellicient Faradic chrge
transfer

G-Co(OIl), High capacitance Stabilization ol
graphene and
Co(OH),
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Various oxidative species (e.g. O, O», OH free radical) which causes oxidation of different
aromatic compounds are generated by these photogenarated holes in the valence band and
conduction band [166].Graphene-Cu nanopartcle composite is used as active photocatalyst for
transforming aromatic nitro compounds into azoxy or azo compounds. It follow a green
photocatalytic route for the reduction of aromatic nitro compounds. Due to fast recombination
process of electron-hole pair the photocatalytic efficiency of semiconductor is quite low. To
increase cfficiency graphene is used as catalyst support delay the electron-hole pairrecombination
process. Graphene accepts the electrons situated in semiconductors conduction bands and shuttle
the electrons through the conjugated © domains in graphene surfaces. Graphene can also act as
clectron reserviorand photosensitizer to capture the visible light [167-171]

Improved Supercapacitor

Supercapacitors are electrochemical energy storage devices. They work by the process reversible
adsorption and desorption of ions. Graphene based materials , especially graphene metal oxide
hybrid materials are used for this purpose [ 172] Electrochemical double layer capacitors(EDLCs)
is a common Lype of supercapacitor. It store energy by accumulation of charges in the electrical
double layer via electrostatic interactions at the electrode-electrolyte interface. The capacilance
of graphenc nanoshect, uscd as supercapacitors, is not high. RuO: has high specific capacitance
and longer cyclic life time .But use of these oxide is not cost eflective. Other metal oxides or
hydroxides havelow spccific capacitance. In graphenc based hybrid material with metals oxide
show both supcrcapacitive and pscudocapacitive naturc simultancously. Thesc composites have
high spccific capacitance and faster charge-discharge ability. Duc to the high conductivity of
graphene as support, high overall surface arca, high mechanical and chemical stability and
flexibility of the composites graphenc bascd composites show high performance |174-177].
Table 7 abridges the composiles materials along with their advantages.

Efficient Li — lon Battery

Li-ionbatteryisfirstintroduced in 1991. For today’s mobile electronic devices Li-ion battery witha
high cnergy density (150Wh/kg) has become a major power source. Rechargable Li-ion batterics
(RLBs) have high charge density which means they last longer than any other batteries. It can
hold more power. They are used in different devices. Energy is stored and released respectively
by insertion of Li-ion into the anodic substances during charges and release during discharging
occurs [or energy storing and release, respectively. In Li ion battery metal Li used as an anode.
DifTerent metal or metal oxide or carbon coated material used in formation ol anode. Due to high
mechanical and electronic properties of graphene, it is used as alternative anode material.
Graphite based Li ion battery has some problem. lowering of Li insertion, long diffusion distance
for lithium ion and slow charge-discharge cycling of life time are the main limittations of Li ion
battery.| 178-183]. Figure 16 Co3Ss nanotubes are made to deposit on graphene by using pre-
synthesized Co(C0O)o.35Clo20(OH) nanowires and thioacctamide as sacrificial template and S
source, respectively. The composites show better cycling performance and higher reversible
capacity than pristine Co3Ss clectrode'™*'®°. Conductive graphene reduce the volume
expansion/contraction during charge-discharge period leading to higher life cycle and shorter
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transport length for Li-ion. In addition presence of nanoparticle prevents the dense packing of
the graphene sheets that offers high adsorption of Li-ion [ 186,187]. The various combinationsof
graphene based composites with metal/metal oxide are summarized Table8.

Table 8. G-N composites used for Li-ion battery application.

Composites Advantage Reason
G-S1, G-porous Si High storage capacity, Graphene  provide  conductive
stable performance network and elastic buffer
over repeated cycles
G-Co304 Stable  performance Prevent volume expansion/
over repeated cycles contraction and aggregation of
Coz0y
G-Sn0» igh performance ITigh loading of SnO,
RGO-Sn, G-Sn ITigh specilic capacity, Sn nanoparticles act as spacer for
high reversibility separation of graphene sheets and
mnduce eflicient electron transler
G-T102 High charge discharge Percolated  graphene  network
rale mmelal oxide electrode

-100.0

8 8 8
Y
Coulombic Efficiency (%)

8
o

Tig.16 Tigl7

Fig. 16 1s taken from Qing Li, Nasir Mahmood, Jinghan hu, Yanglong Hou and Shouheng Sun, Graphene and its

Composites with Nanoparticles for Electrochemial energy applications, Brown University and Peking University.
Figure 17 cyclic behaviour of Cossy and the graphene-Co;S; with a columbic efficiency at a rate of 0.2 C between
0-3 Vs Li7/Li

Conclusion and Future Direction

Unique chemical structure andexcellent conductivity, transparency, mechanical strength,
porosity and clectrochemical propertics of graphene bring a new era in nanotechnology. G-N
composites has been extensively studied for various applications, especially for clectrochemical
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energy conversion and storage. Graphenebased composites havebeen used as super material. In
the world of material science graphene nanoparticle composites is a masterpiece.

Despite of significant work donein this area, more work should be done on graphene
nanoparticle composites for advancement of the field.

(1)In the synthetic process , more advanced technique must be used.

(2) It 1s required to develope the techniques by which different molecules can be involved in
formation of different graphene based composites. It helps to increase its versatility.

(3) Contolled loading of nanoparticle is very essential. If the process will be according to this, it
helps to functionalize the composites more in different applications.

(4) To produce clean composites we avoid the method where large molecule or polymer is used.
With the help of these advancements it is expected further developmentoccur on graphene
nanoparticle composites of in coming years.
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Abstract

Physico-chemical analysis of mangrove soils in two islands (Prentice and Lothian) in sundarban arcas were carried
out and compared to highlight the quality of the soils that facilitate the existence as well as survival various flora and
fauna to play immense role in the stability of the environment. Study revealed that there were slight differences in the
grain size, pH, organic carbon and exchangeable calcium (Ca'?) and magnesium (Mg '?) content in soils of these two
islands. The litter of the mangrove lorest might play vital role not only on the variation ol carbon (o nitrogen ratio
(C/N) and carbon (o phosphorous ratio (C/P) but also retention ability of these essential nutritional elements in soils,
Ca** and Mg™ were the principal cations as obscrved in cxchange rcactions. Potassiun ion (K*) rccorded
comparativcly higher values than the sodium ion (Na®) in these soils probably due to more affinity for K* uptake in
the existing biotic community as well as trapping capacity by edaphic components in these areas.

Keywords Edphic characteristics, Mangrove, Prentice and Lothian islands, Sundarbans.

Introduction

One of the most outstanding ecotones of the tropical coastal zone is the mangroves, the
livingnatural systems that have recently got attention to the scientific community due to its
immense role to the environment (Chapman, 1976, Lugo and Snedakar, 1974) and for conservation
of biodiversity. The Hooghly-Matla estuarine complex supports the world’s largest luxuriant
mangrove vegetation, the sundrbans, a tide dominated wetland (Mukherjee et al, 2009) which
harbors large number of flora and fauna, provides livelihood of millions of people in surrounding
villages, protects coastal erosion, cyclonic storms, tidal surges and natural calamities (Hoque et al,
2000). Besides, it also acts as nursery ground for many commercially important aquatic organisms
and provides source of food and energy for coastal ocean (Boto and Wellington, 1984). It is well
established that the mangrove system processes (Ghosh and Choudhury, 1989; Ghosh et al, 1991a)
recycle (Ray et al, 2021; Joyita et al, 2013;) and produce various new compounds within the system
(Ghosh et al, 1990a; Ghosh et al, 1991b) in the muds, interstitial waters, forest (Ghosh et al, 1990b;
Ghosh and Choudhury, 2001) and fauna depending on terrestrial, oceanic, tidal and climatic
influences. Hence, the researchers have given much emphasis on the physical, chemical and
ecological characteristics (Das et al, 2020) of the mangroves to maintain its indigenous
productivity. Studies on edaphic components are important as these constantly supply nutritional
ingredients from mangrove soil and sediments to support the prevailing biotic community for their
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sustenance and survival. Besides, edaphic factors do immense role in bio-geo-chemical cycling of
elements in order to keep balance the natural ecosystems.

In the light of the above facts, the intent of the present study is to focus on the physico-chemical
characteristics of soil components, their extent of availability and degree of mobilityin the densely
populated mangrove forests in Lothian and Prentice Island of the western part of sundarbans.

Materials and Methods
Description of study area

Sundarbans constitute several numbers of discrete islands. The islands, Lothian and Prentice are
situated in the mouth of the Saptamukhi river complex (Fig-1) of the Ganga delta. The Lothian
Island extends from 88"18'10" E to 88°21'30"E and 21°32/50" N to 21°42/30"N and Prentice Island
from 88"17'30" E to 88"18'42"E and 21°42'15"N to 21°45'50" N. Prentice is smaller in size and
newer than Lothian Island and becomes more inundated during spring tide. On the other hand,
Lothial Island is a mature Island, located just at the south of Prentice Island and extends towards
the Bay of Bengal. This Island is partly inundated during high tides. This mangrove ecosystem is
subjected to seasonal changes and seasons are well recognized. Premonsoon (March to June) is
identified by high temperature with little precipitation. Monsoon (July to October) occurs with
heavy rainfall and post monsoon (November to February) is termed as winter season with lower
temperature and insignificant precipitation. The mean maximum and minimum temperatures
varies from 32 and 21°C. The mean annual rainfall is about 1900mm.

Vegetation: The species Avicenia marina is the first dominant species in both Prentice and Lothian
forest whereas Acanthus ilicifolicious and Avicenia alba are the second dominant species
respectively. Moreover, species like Ageceras majus, Ceeriops roxburghiana, ILxcoecaria
agallocha, Bruguiera gymnorrhiza, Sonneratia apeetala, Aegialites rotundifolia, Avicenia
officinalis , Xylocarpus granatumare also observed though their density is comparatively low.

Physico-chemical analysis of soils

Soil survey was carried out during winter seasons along the eastern side starting from eastern side
of Lothian Island towards the riverine areas Prentice Island (Fig-1). Surface sediment samples
from each of the Islands were collected in plastic containers, mostly from littoral zone when the
bed materials suffer sub-aerial exposure during low tides. All these samples were air dried and any
foreign materials and undesirable debris were removed. Oven dried sediment samples at 105-
110°C were employed for mechanical analysis following International Pipette method (Piper,
1950). pH was measured by a pH meter (Philips make) using soil water ratio of 1: 2.5 and cation
exchange capacity (CEC) by extracting with neutral ammonium acetate (Jackson,1967). The
content of organic carbon (Wakeel and Riley,1956), total phosphorous (TP) and total nitrogen
were analyzed by following standard methods as outlined in literature of soil chemical analysis
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(Jackson,1967). Estimation of exchangeable calcium and magnesium were done by EDTA

e

St | (Lothian Island)

S 2 (Saptamekbi Estuary)

BAY OF BENGAL

Figl. Location ol sampling stations in the mangrove lorest

(Jackson, 1967) and sodium and potassium by using flame photometer. The analytical results were
represented as an average of triplicate analysis.

Results and discussions

Average physico-chemical characteristics of the soils in these two Islands of sundarbans could not
registered appreciable differences from each other, may be due to their close association and
exposing almost similar types of environmental impacts originating from natural and
anthropogenic sources.However, slight variations in grain size, pH, and organic carbon and to
some extent with exchangeable cations were observed (Table-1 and 2). Sand constituted the main
load in soils near marine areas of Lothian Island. As the Island continuously faces the wave actions
from the Bay of Bengal, the soils seem to be winnowed so that the finer particles are washed out.
On the other hand, the percentage of silt and clay were higher in the soils of upstream areas where
the soils get opportunity of being well mixed up by tidal and riverine processes. Under such
situation, a large quantum of soils may be taken up in suspension and ultimately re-deposition of
silt and clay particles from the overlying water may take place. All these factors might be
responsible for grain size variation in soils of these areas.
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pH value was also higher (7.8 to 8.2) in southern part of Lothian soils indicating more marine
influence and strong buffering capacity of the sediments. Cation exchange capacity of the soil
varied from 14.6 to 26.7 meq/100g. This variation depends on the content of organic matter and
percentage of silt and clay. The organic carbon and total nitrogen varied from 0.47 to 1.37 % and
0.03 to 0.07% respectively in both these Islands. Relatively, higher values of organic carbon and
nitrogen were recorded in the soils of Lothian Island. It could be due to the contribution of these
elements from the mangrove litter to the littoral zone during high tides (Ghosh et al, 1991a; Ghosh
et al 1991b). Total phosphorous content ranged from 0.01 to 0.04 % and no significant differences
were observed between these Islands. These results are in close conformity with those other studies
(Motilal et al, 1986).

C/N ratio of the soils of Lothian and Prentice Island varied from 15 to 24 and 11 to 20 respectively.
C/N ratio in soils is very useful in assessing nutritional value of the soils, because the availability
of soil nutrients is the prime importance to plants and animals. Higher C/N ratio (> 25) in soil 1s
associated with degradation of complex protein (White, 1979) and lower C/N ratio is an indicative
of limited supply of readily available energy materials (Bear, 1964). Comparatively, higher C/N
ratio in the soil of Lothian Island indicates that the organic matter is easily degradable.

C/P ratio in soils of both the Islands ranged from 10 to 52. It has been highlighted that the extent
of mineralization or immobilization of phosphorous in soils depends largely on the C/P ratio
(Bear,1964). When C/P ratio is wide, the phosphorous is immobilized by the micro-organisms
present in the sedimentary environment (Whites, 1979). If the ratio is narrow, then excess
phosphorous will be liberated as inorganic phosphates (Bear, 1964). Relatively, lower C/P ratio in
the present study could suggest that the supply of excess phosphorous than that needed for the
nutrition of the sedimentary organisms carrying out decomposition and the mangrove litter from
ridge areas probably play vital role for the enrichment of this element to the littoral substratum.
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Table-1. Physico-chemical parameters of soil of Prentice Island.

Sample Sand Silt Clay pH  CEC  Organic Total Total-P C/N cr Exchangeable Cations

No (%) (%) (%) me/1 Carbon Nitroge (%) (me/100g)

00g ) n, Ca' Mg Na' K
(%) ] e

1 9.20 50.52 4028 7.6 146 0.52 0.04 0.01 13 52 46 1.6 0.9 1.2
2 5.89 53.70 40.41 78 172 0.47 0.03 0.02 16 24 48 22 1.3 1.0
3 8.00 42.80 4920 8.0 213 0.49 0.04 0.02 12 25 5.7 1.6 1.1 1.6
4 12.37 52.61 3502 73 139 0.52 0.03 0.04 17 13 46 34 1.3 1.9
5 7.60 45.71 46.69 7.5 122 0.58 0.04 0.03 14 19 65 32 2.1 24
6 15.09 41.66 4324 77 188 0.62 0.05 0.04 12 16 82 5l 1.8 2.8
7 8.80 52.30 8O0 72 203 0.50 0.04 0.02 12 13 63 2.7 2.3 24
8 592 43.73 50.35 7.6 227 0.58 0.06 0.03 10 19 59 43 12 2.0
9 12,33 49.83 3984 79 188 0.62 0.03 0.02 20 34 6.1 32 22 3l
10 6.90 46.70 46.40 7.5 209 0.55 0.05 0.03 11 18 6.8 4.6 2.1 2.6
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Table-2. Physico-chemical parameters of soil of Lothian Island.

Sa Sand Silt Clay pH CEC  Organi Total Total-P C/N C/p Exchangeable Cations (me/100g)
mp (%0) (%) (%) me/1 c Nitrogen (%)
le 00g Carbo (%) — o = ™
No n (%) Ca Mg Na K
1 45.10 29.22 25.62 8.2 16.7 0.60 0.04 0.03 15 10 4.7 28 21 27
2 3231 24.70 2299 8.0 19.3 .68 0.03 0.02 22 34 4.4 37 1.4 29
3 40.80 30.55 29.65 8.2 192 0.57 0.03 0.03 19 19 6.4 42 1.8 21
4 25.60 40.15 3425 8.0 24.6 0.82 0.04 0.04 21 27 8.3 4.4 1.6 28
5 18.37 50.30 31.33 7.9 21.0 0.95 0.05 0.05 19 19 17.2 5.9 23 26

Calcium (Ca'?) and magnesium (Mg'?) were the principal cations found in the exchangeable
components of the soils. Lothian soils showed higher amount of exchangeable Ca'? (4.4 to 20.9
meq/100g and Mg'? (2.8 to 7.1 meq/100g) than the Prentice Island soils (4.6 to 8.2 and 1.6 to 4.6
meq/100g respectively). It could be pointed out that the variations in distributions of Ca'?and Mg '
are largely controlled by the types of clay minerals and the processes of ion exchange.
Comparatively, higher values of Ca'?and Mg'? in Lothian soils might be due to significant
incorporation of these cations into the soils at the exchangeable sites.

Exchangeable Na' and K' were also higher in Lothian soils in comparison to the smaller Island
soils. Again in the exchangeable fractions of the soils, concentrations of K' were recorded higher
than Na'. As the ions of Na and K' are not precipitated by hydrolysis, it has been contended that
these ions are bound with the clay minerals either by cation exchange processes or by adsorption.
Moreover, K' has greater affinity to adsorb preferentially to Na' due to its lower ionic potential,
higher field function and greater sorption energy (Heier and Adams, 1963). These could be
expected to be the reasons for relatively higher values of K' than Na' in the soils of present
investigation.
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