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Abstract

A random-permutation technique and the features of the genetic algorithm (GA) are combined together to develop a novel 

heuristic for solving generalized travelling salesman problem. Here, the random-permutation technique is used to find the 

sequence of clusters of a probable solution in which a complete tour to be commenced. The features of GA are used to 

select the cities from different clusters of the sequence. The algorithm has the ability to solve the problems in both the crisp 

as well as in the imprecise environments. A fuzzy membership-based selection process is proposed to select a solution for 

the mating pool. A general comparison rule of the solutions is proposed to rank the potential solutions of the population in 

imprecise environments. In the crisp environment, the efficiency of the proposed approach is tested against a set of different 

benchmark test problems from GTSPLIB having sizes up to 226 cities with 26 clusters. It is observed from the experimental 

results that the algorithm produces 100% accurate results for all the benchmark test problems under consideration. Imprecise 

test problems are generated from different benchmark crisp test problems of TSPLIB and are used to test the algorithm in the 

imprecise environments. It is also observed from the experimental results that the proposed approach finds multiple optimal 

paths (i.e, more than one path), if exists, for the problems in the crisp as well as in the imprecise environments.

Keywords Traveling salesmen problem · Genetic algorithm · Randomness · Triangular fuzzy number · Rough set

1 Introduction

A generalized form of the classical Traveling Salesman 

Problem (TSP), the generalized TSP (GTSP) was introduced 

by Henry-Labordere [11], Saksena [31], and Srivastava [33] 

in the context of computer record balancing and of visit 

sequencing through welfare agencies in 1960s. The problem 

consists of a set of n cities and a cost matrix (cij)n×n , where, 

cij is the cost of travelling from city i to city j. The n cities are 

grouped into several clusters- cl1, cl2,… , cl
k
 , where k is the 

number of clusters. Every city must belongs to at least one 

cluster. So, a city may belongs to more than one clusters. A 

salesman starts from a city of a cluster, visits one and only 

one city of every cluster and returns to the starting city with 

the minimum expenditure. So, the goal of the problem is to 

find the path/route of the salesman with the minimum cost 

covering all the clusters exactly once. There are several real-

life applications of GTSP, such as, mail delivery [17], wel-

fare agency routing [31], material flow system design [17], 

vehicle routing [17], and computer file sequencing [11], etc. 

The GTSP belongs to the class of NP-hard problems.

In most of the above-mentioned studies it is implicitly 

assumed that the travel cost, cij between any two cities i and 

j, is fixed and crisp in nature. But cij depends on the several 

factors, like, the quality of the vehicle used, condition of 

the roadways, duration of the travel, weather condition, etc. 

The travelling cost between any two cites mainly depends 

on the quality of transport used for the purpose. Sometimes 

it depends on the availability of the vehicle, condition of the 

road ways, etc., though its value normally lies in an interval. 
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Abstract

Using the concept of swap operation and swap sequence on the sequence of paths of a Traveling Salesman Problem(TSP)

Artificial Bee Colony (ABC) algorithm is modified to solve multi-objective TSP. The fitness of a solution is determined

using a rule following the dominance property of a multi-objective optimization problem. This fitness is used for the

selection process of the onlooker bee phase of the algorithm. A set of rules is used to improve the solutions in each phase

of the algorithm. Rules are selected according to their performance using the roulette wheel selection process. At the end

of each iteration, the parent solution set and the solution sets after each phase of the ABC algorithm are combined to select

a new solution set for the next iteration. The combined solution set is divided into different non-dominated fronts and then

a new solution set, having cardinality of parent solution set, is selected from the upper-level non-dominated fronts. When

some solutions are required to select from a particular front then crowding distances between the solutions of the front are

measured and the isolated solutions are selected for the preservation of diversity. Different standard performance metrics are

used to test the performance of the proposed approach. Different sizes standard benchmark test problems from TSPLIB are

used for the purpose. Test results show that the proposed approach is efficient enough to solve multi-objective TSP.

Keywords Multi-objective traveling salesmen problem · Artificial bee colony algorithm · Swap operation ·

Pareto optimal solution · Performance metric

1 Introduction

Most of the real-life problems involve multiple conflicting

goals, which leads to multi-objective optimizations, e.g.,

optimization of the profit of a company as well as the

customer satisfaction; optimization of transportation time

as well as transportation cost of a transport company; etc.

In a multi-objective optimization problem (MOOP), as the
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objective functions are generally conflicting in nature, the

concept of optimality does not hold; rather the concept

of pareto optimality takes place. Two solutions are called

pareto optimal if each solution is better than the other with

respect to at least one objective. One solution is said to be

better than another one if it is better or equal with respect

to all the objectives and strictly better with respect to at

least one objective. Different multi-objective evolutionary

algorithms (MOEAs) are proposed by several researchers

[7, 9, 12, 40, 48] in the past decades. For a complete survey

on MOEAs please see [44].

The Traveling Salesmen Problem (TSP) is one of the

standard combinatorial optimization problems and is a

familiar NP-hard problem [28, 29]. The problem consists

of a complete graph of n vertices (node/ cities) where each

edge is associated with a parameter having known value

(the distance /the travel time/ the travel risk etc., between

the associated nodes). The aim of the problem is to find

a Hamiltonian circuit having minimum value (the distance

/the travel time/ the travel risk etc.). When there is only

one parameter associated with each edge, then the problem

is called single-objective TSP (SOTSP) [24–26]. On the

other hand, when more than one parameters are associated

with each edge, the problem is called Multi-Objective
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This study investigated an economic order quantity (EOQ) model with complete
backorder for fixed lifetime perishable items under multiple advance and delayed
payments policies. Here, a new type of business policy is consideredwhere supplier
offers the retailer to pay a fraction of the purchasing cost before the order delivery
by multiple equal installments starting from the ordering time and the rest amount
after the delivery by multiple equal installments. Here, some theoretical results are
illustrated to determine the conditions of existence and uniqueness of the optimal
solutions. A closed form solution is determined to solve the proposed model under
approximation. Some numerical examples are provided to examine the validity of
the proposed model. Finally, sensitivity analyses are presented to obtain the effect
of optimal policy and provide some managerial insights of the model.

Keywords: inventory; perishable item; expiry date; advance payment; delayed
payment

1. Introduction

Payment policies of purchasing price for the items ordered and customer’s reaction

effect on out of stock of an item is the significant factor in the economic order quan-

tity model. In 1913, F.W. Harris developed an EOQ (Economic Order Quantity)

model, by considering with the assumption that the retailer or customer pays the

whole amount of purchasing the item just when received the items. After that,

many researcher and practitioners made their efforts to adjust the assumption to

more realistic in inventory management. Based on the nature of payment of the pur-

chase cost, there are three basic possibilities which are the following types: (i) payment

before the receiving of delivery of the order quantity which is known as advance

payment or prepayment. Several researchers, viz. Gupta, Bhunia, and Goyal

(2009), Taleizadeh, Pentico, Jabalameli, and Aryanezhad (2013), Teng, Cárdenas-

Barrón, Chang, Wu, and Hu (2016), Wu, Teng, and Chan (2017), Manna, Das,

and Tiwari (2020) and others were reported interesting works in this area. (ii)

payment just on the time of delivery (Ghosh, Manna, & Dey, 2017; Mallick,

Manna, & Mondal, 2018; Shah & Cárdenas-Barrón, 2015), (iii) payment after the
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AN IMPERFECT PRODUCTION INVENTORY MODEL WITH ADVANCE

PAYMENT AND CREDIT PERIOD IN A TWO-ECHELON SUPPLY CHAIN

MANAGEMENT

Barun Khara1, Shyamal Kumar Mondal1 and Jayanta Kumar Dey2,∗

Abstract. This paper presents an integrated imperfect production inventory model under two layer
supply chain management. To ensure the orders, manufacturer convinces the retailer to pay a percentage
of the purchasing cost prior to replenish the products and offers the facilities such as (i) delay in
payment on the remaining part of the purchasing cost and (ii) free transportation on the basis of
advance payment amount. Time dependent development cost is incurred to maintain the reliability of
the production system and as a result it reduces the imperfectness of the product during production.
Under such circumstances, an integrated profit function has been developed to find the optimum number
of production cycle, optimum number of replenishment cycle and hence reliability parameter of the
manufacturing system, replenishment quantity for the retailer which maximize the integrated profit.
Branch and Bound technique is used to obtain the integer solutions. Furthermore, we derived some
useful lemmas and algorithms to obtain the optimum solution. Finally, the model has been illustrated
with some numerical examples exploring the sensitivity analysis with respect to some parameters and
obtains some managerial insights.
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1. Introduction

In present’s competitive situation, supply chain management (SCM) plays a vital role in economy because
it makes an integrated networking system among supplier, manufacturer, retailer and customer and learns how
to survive in the present’s competitive market through the co-operation among supplier, manufacturer, retailer
and customer. It also co-ordinates a system of inter-related business process in order to procurement of raw
materials, transportation of raw-materials, production of items, transportation of the finished product to the
retailer for sale to satisfy their customers’ demand. Along this direction, some previous research works to build
an integrated SCM dates back to Bookbinder, Cachon and Zipkin [5], Agarwal et al. [1] and others. They
have presented a production, distribution and inventory (PDI) planning system that integrated three supply
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a b s t r a c t

In our world, pollution arising from various sources like factories and vehicles, threaten the very envi-

ronment we live in. We should become more and more aware of the products that pose a threat to our

environment because otherwise through our lack of awareness, we will ourselves contribute towards the

distractions of our beloved and beautiful world. In this paper, we have bought into focus an work

regarding making the supply chain of a product as green as we possibly can. We have developed a

strategy based on the manufacturer’s advanced payment policy as well as trade credit facility to the

retailer. We have assumed that for any particular retailer, the customers’ demand for his goods is a direct

consequence of how green the goods are, along with the selling price and the effort put into the envi-

ronment friendliness of a product. To this effect, the manufacturer also allows the retailer a credit period

for the goods as also a discount that can imposed on the selling price. We have provided a model that

optimizes the retailer’s sales effort, the wholesale price demanded by the manufacturer, the green level

of the product as well as the selling price effected by the retailers. This model is exemplified numerically

of its practicality. We also perform some sensitivity analyses of the model by varying market demand,

price elasticity coefficient, greening awareness level and sales effort and the corresponding performance

shown by the model are also recorded.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

In recent times most of the world is under a threat from envi-

ronmental pollution. Numerous researchers have dedicated their

research time on green supply chain system (GSCS) to reduce the

pollution in the environment. The concept of green supply chain

system (GSCS) has been derived from traditional supply chain

system (SCS) by embroilment of green activities in the supply chain.

The aim of GSCS is sustainability on environmental front from

suppliers to customer and manufacturer. Yadav and Pathak (2016)

reported that most of the young customers will buy green (eco-

friendly) products, which has been manufactured in an environ-

mentally friendly fashion, and to create minimum havoc on the

environment. To accommodate this situation manufacturers give

attention to producing green products. Recently, Sana (2020)

pointed out that the authorities in developed countries collects

lower tax from green product manufacturers than non-green

product manufacturers. He also considered green technology in-

vestment to reduce carbon emission of the firm. As such, many

researchers, viz. Chan and Lau (2002), Zhu et al. (2005), Zhang and

Liu (2013), Wood et al. (2016), Manna et al. (2017), Jamali and Rasti-

Barzoki (2018), Panja and Mondal (2019), Zhang et al. (2020) and

others have been working on green supply chain system (GSCS)

that reduce environment pollution and earn maximum profit for

the supply chain members.

In a competitive market, delay-in-payment scheme is a very

important strategy to run the business smoothly. Generally, the

supplier offers the retailer the opportunity for paying partial an
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EFFECT OF INSPECTION ERRORS ON IMPERFECT PRODUCTION

INVENTORY MODEL WITH WARRANTY AND PRICE DISCOUNT

DEPENDENT DEMAND RATE

Amalesh Kumar Manna1,∗, Jayanta Kumar Dey2 and Shyamal Kumar Mondal1

Abstract. This paper deals with selling price-discount and warranty period dependent demand in an

imperfect production inventory model under the consideration of inspection errors and time dependent

development cost. Normally, due to long-run, a production process deteriorates with time and here

we assume that the process shifts from “in-control” to “out-of-control” state at any random time. A

time dependent development cost has been constructed to increase the reliability of the production

system i.e., to decrease the deterioration of the system during the production process. As a result, a

few items are rejected. Here, two types of inspection errors such as Type-I error and Type-II error,

have been considered during the period of product inspection process. In Type-I error, an inspector

may choose falsely a defective item as non-defective and in Type-II error an inspector may choose

falsely a non-defective item as defective. Due to these phenomena, the inspection process would consist

of the following costs: cost of inspection, cost of inspection errors. The purpose of this paper is to

investigate the effects of time dependent development cost on the defective items, selling price-discount

and warranty policy on the market demand and finally optimize the expected average profit under

consideration of such inspection costs in infinite time horizon. Some numerical examples along with

graphical illustrations and sensitivity analysis are provided to test the feasibility of the model.
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1. Introduction

In a real manufacturing system, a long-run production process shifts from “in-control” to “out-of-control”

state due to different machinery problems, labor problems, etc. On the other hand, the production of defective

units is a natural phenomenon to be occurred due to different difficulties arisen in a long-run production

process. Normally, it is seen that a production process is initiated from “in-control” state, because every factors

associated with the system are in well condition. Then due to continuous running of system, these factors

gradually lose their perfectness. So, after some time, the production process may shift from “in-control” state

to “out-of-control” state. For this reason, some imperfect items along with perfect items are produced in every
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Abstract We investigated theoretically the squeezing,

sub-Poissonian, and total noise of a quantum state in

spontaneous and stimulated five-wave interaction process

under short-time approximation. It has been found that the

squeezing occurs in field amplitude, amplitude-squared in

the fundamental mode in the process. It is shown that

higher-order squeezing allows a much larger fractional

noise reduction than lower-order squeezing. We observed

that the squeezed states are associated with a large number

of photons. It is shown that squeezing is greater in the

stimulated interaction than the corresponding squeezing in

the spontaneous interaction. The photon statistics of the

fundamental mode in the process is investigated and found

to be sub-Poissonian in nature. The effect of the sub-

Poissonian nature of an optical field in terms of total noise

is also incorporated. We showed that the depth of non-

classicality directly depends on the amount of total noise

present in the system. This suggests that the more squeezed

the state is, the greater is its total noise in the system. It is

found that a higher multi-photon absorption process is

suitable for the generation of optimum squeezed light.

Keywords Multi-photon process � Squeezing � Sub-

poissonian � Photon number � Total noise

Introduction

The idea of squeezing of the electromagnetic field was

introduced by Hollenhorst [1] and Caves [2]. After that, D.

F. Walls [3] has given a detailed review of squeezed states

of light including the generation and detection of squeezed

states as well as proposed potential applications. The

concept of squeezing [4–10] in the quantized electromag-

netic field has gained a great deal of importance in view of

the possibility of reducing the noise of an optical signal

below the shot-noise limit. R. E. Slusher et al. [11] have

generated squeezed states of the electromagnetic field by

non-degenerate four-wave mixing process and have mea-

sured with a balanced homodyne detector. Ling-Au Wu

et al. [12] have generated squeezed states of light by

parametric down-conversion in an optical cavity. Garraway

et al. [13] have presented a simple scheme that allows the

generation and detection of nonclassical states of the

electromagnetic field with controllable photon number and

phase distributions. Squeezing of radiation is a purely

quantum mechanical phenomenon, and its low-noise

property [14–16] has many attractive applications such as

high-quality telecommunication [17] quantum cryptogra-

phy [18, 19], and so on. The experimental detections and

applications approve the importance of the theoretical

investigations into various nonlinear optical processes such

as Raman [20–22], Hyper-Raman [23], Harmonic Gener-

ation [24, 25], Multiwave-mixing processes [26–29], and

so on. A squeezed state may exhibit sub-Poissonian photon

statistics. The conversion of higher-order squeezed light

into nonclassical light with higher-order sub-Poissonian
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It is concluded that greater total noise and hence greater

squeezing exist in second order than in first order, having

the same number of photons. It is inferred that the more

squeezed the state is, the greater is its total noise in the

system. Therefore, as the state becomes more sub-Poisso-

nian, and its total noise increases.

These results suggest that the total noise of a quantum

state can be measured the depth of nonclassicality i.e. more

nonclassical state (squeezing and sub-Poissonian) of the

field in any system.
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A B S T R A C T   

The design and synthesis of red light-emitting multianalyte chemosensors have always been a challenging task 
because of its speci昀椀c requirement of coordination pocket and selective 昀氀uorescence mechanism. Herein, we 
develop a chemosensor via “three birds, one stone” strategy in which we can detect three metal ions with one 
ligand. A highly sensitive new azo functionalized rhodamine based luminescent sensor is synthesized for se-
lective 昀氀uorogenic recognition of Al3+, Cr3+, and chromogenic recognition of Cu2+ in ethanol : H2O medium in 
the red light-emitting zone. Among the guest metals, Cu2+ ef昀椀ciently quenches the emission whereas Al3+ and 
Cr3+ induce increased luminescent 4.76 fold for Al3+ and 2.47 fold for Cr3+ through chelation-enhanced 昀氀uo-
rescence (CHEF) and photo-induced electron transfer (PET) regulated mechanism with the formation of 1:1 
complex. The restricted imine isomerization through complex formation inhibits ongoing PET process with the 
instantaneous onset of CHEF. The mechanism is in good consonance with NMR (1H & 13C), FT-IR, elemental 
analysis, DFT, TCSPC, and pH-dependent studies. Micromolar range detection of 1.1 μM, 1.3 μM, and 1.5 μM for 
Cu2+, Al3+, and Cr3+ respectively, easy penetration into HLCs cells and higher imaging resolution increase its 
potentiality to assess Al3+ and Cr3+ in vitro. Moreover, paper strip application increases its viability as an onsite 
naked-eye portable solid probe.   

1. Introduction 

Besides natural sources, various industrial activities and anthropo-
genic activity enrich the amount of Cu2+, Al3+, and Cr3+ in the envi-
ronment. A living body requires a very low concentration of Cu2+. Its 
toxicity through excessive accumulation brings the loss of activity in 
various Cu-dependent enzymes viz. tyrosinase co-oxidase, cytochrome, 
and superoxide dismutase which is responsible for the generation of in 
vivo reactive oxygen regulation by iron and causes Menkes disease by 
disturbing the development of the brain [1]. Wilson’s disease, a Cu2+

related disease, is grown up by the excessive deposition of Cu2+ in the 
liver and brain through irregular transport [2]. Among the different 
oxidation state trace element chromium is less harmful in its trivalent 
(Cr3+) state [3]. Balance concentration of chromium regulates the 
metabolism of fat lipids and carbohydrates by activating certain en-
zymes whereas insuf昀椀cient dietary intake increases blood sugar by 
deactivating insulin, increases the risk of cardiovascular disease, and 
stops the formation of haemoglobin in the red blood cell [4]. Again 
diversi昀椀ed application of alumina includes not only industries like 
packaging, pharmaceuticals, food, and medicine but also in our daily life 
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ABSTRACT: The absence of d-orbital electrons or presence of full-filled d-orbital
electrons in metal ions is a well-known Achilles’ heel problem for the detection of
these metal ions by a simple UV-visible study. For this reason, detection of metal
ions such as Al3+ with no d-orbital electrons or Zn2+ with filled d-orbital electrons is
a challenging task. Herein, we report a 2-naphthol-based fluorescent probe [1-((E)-
((E)-(5-bromo-2-hydroxybenzylidene)hydrazono)methyl)naphthalen-2-ol] (H2L)
that has been used to sense and discriminate Al3+ and Zn2+ via solvent regulation.
The probe exhibits excellent selectivity and swift sensitivity toward Al3+ in MeOH−
water (9:1, v/v) and toward Zn2+ in dimethyl sulfoxide (DMSO)−water (9:1, v/v)
among various metal ions. The respective detection limit is found to be 9.78 and
3.65 μM. The sensing mechanism is attributed to multiple processes, viz., the
inhibition of photo-induced electron transfer (PET) along with the introduction of
chelation-enhanced emission (CHEF) and excited-state intramolecular proton
transfer (ESIPT) inhibition, which are experimentally well verified by UV−vis absorption spectroscopy, emission spectroscopy, and
NMR spectroscopy. The probe shows aggregation-induced emissive (AIE) response in ≥70% aqueous media as well as in the solid
state. The experimental results are well corroborated by time-resolved photoluminescence (TRPL) and density functional theory
(DFT) calculations. An advanced-level OR-AND-NOT logic gate has been constructed from a different chemical combinational
input and emission output. The reversible recognition of both Al3+ in MeOH−water (9:1, v/v) and Zn2+ in DMSO−water (9:1, v/v)
is also ascertained in the presence of Na2EDTA, enabling the construction of a molecular memory device. The probe H2L also
detects intracellular Al3+/Zn2+ ions in Hela cells. Altogether, our fundamental findings will pave the way for designing and synthesis
of unique chemosensors that could be used for cell imaging studies as well as constructing molecular logic gates.

■ INTRODUCTION

Multitasking application of materials is an important and
emerging field of science in the modern world. Such types of
materials make a product cheap and user-friendly, and the time
management issue provides an endeavor toward sustainable
development.1,2 A Schiff base is an example of such type of
materials due to its versatile application in different applied
fields of science including medicine and pharmacy (because of
its properties, viz., antitumor, antiviral, antifungal, antibacterial,
biocidal, and antimalarial properties), chemical synthesis and
analysis, modern technological imaging systems, molecular
memory storage, photochromic materials, and in colorimetric
and fluorimetric ion/molecule sensors.3−6 The sensing of ions/
small molecules by a Schiff base has useful applications in
several interdisciplinary sciences. Several analytical scientific
strategies including chromatography, spectrometry, titrimetry,
spectrophotometry, and electrochemical techniques have been
developed for the detection of metal ions.7,8 As the method
mentioned above is complicated and time- and cost-
consuming, simple but reliable methods for qualitative and
quantitative as well as rapid and sensitive detection of metal

ions are in extreme need. Among various strategies utilized,
fluorescence signaling is one of the first choices as it is simpler
and rapid, convenient, and profoundly sensitive for the
recognition of biologically and environmentally relevant
metal ions.9,10

The concentration of aluminum, which is the third most
abundant element present in the earth’s furthest layer, in soil or
water increases during rain, which is perilous for growing
plants.11,12 The far-reaching uses of aluminum in our everyday
life, for example, aluminum foil, vessels, and treat sheets;
medications; the paper industry; food additives; and
aluminum-based pharmaceutical antiperspirants, antiulcer
agents, and antacids, result in its exposure to the environ-
ment.13 Adverse effects of Al3+ influence the central nervous
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Abstract

Counter anion-triggered metal ion detection has been rarely reported by fluorimetric

method. To address this challenging issue, a fluorescent probe (H2L) has been synthe-

sized from bromo-salicylaldehyde and hydrazine hydrate, and structurally character-

ized by single crystal X-ray diffraction. The probe shows very weak fluorescence itself.

However, its emission intensity increases in the presence of Zn2+ over othermetal ions.

Surprisingly, the emission profile of this probe in presence of Zn2+ is augmented only

when acetate anion (OAcŕ) is present as counter anion, that allows for precise quan-

titative analysis by spectroscopic studies. The compositions and complexation among

the probe, Zn2+ ion, andOAcŕ are supported by ESI-MS, 1H-NMR, and Job’s plot. Based

on these studies, it is confirmed that the binding ratio between probe: metal is 1:2 and

the detection limit (LOD) for the Zn2+ is 2.18 µM. The probe is capable of recognizing

Zn2+ ion in the wide range of pH∼6.5-9.5, and it could be efficiently recycled by EDTA.

Furthermore, the combinatorial molecular logic gate and memory device have been

constructed from the fluorescent behavior ofH2Lwith Zn
2+, OAcŕ, and EDTA input as

based on NOT and AND gates. Interestingly, the aggregation-induced emission (AIEE)

phenomenon is also perceived with greater than 50% water content in organic water

mixtures, which are then useful for the detection of picric acid often used as explosive.

KEYWORDS

AIEE, counter anion, molecular logic gate, PET and CHEF, Picric acid, Schiff base, zinc sensor

1 INTRODUCTION

Performing multiple tasks useful material is a significant and develop-

ing field of science in the cutting edge world. Such kind of materials

makes an item modest, easy to use, and the time executives issue pro-
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vides an endeavor and influence towards sustainable developments.1,2

Schiff base is a reasonable example of such type of materials because

of its versatile application in different field of applied science includ-

ing medicine and pharmacy (viz., antifungal, antibacterial, biocidal,

antitumor, antiviral, and antimalarial properties), chemical synthesis
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A B S T R A C T   

This study examines the feasibility of the use of nanocomposite of polyaniline (PAni) grafted sulfonated graphene 
oxide (SGO) supported manganese cobalt oxide as a novel and effective cathode catalyst for single chamber 
microbial fuel cell (SC-MFC). The graphene oxide (GO) was sulfonated to SGO for the development of a sig-
ni昀椀cant increase in the hydrophilicity of GO to enhance the nano−catalyst dispersion. The structural properties 
of the prepared nanocomposite were studied by X-ray diffraction, X-ray photoelectron spectroscopy, and Raman 
spectroscopy. Morphological studies of the nanocomposite revealed a wrinkled paper−like structure of SGO and 
a spherical type structure of Mn−Co. Both cyclic voltammetry and electrochemical impedance spectroscopy 
showed a reduction current value of −1.04 mA, and charge-transfer resistance of 52.4 ohm, which exhibited a 
higher oxygen reduction reaction activity and good conductivity compared to Mn−Co/GO−PAni, Mn−Co/ 
rGO−PAni and Pt/C catalyst. Electrochemical tests also suggest that the Mn−Co/SGO−PAni nanocomposite 
exhibited excellent durability among the other three cathodes. Furthermore, the MFCs equipped with Mn−Co/ 
SGO−PAni nanocomposite modi昀椀ed electrode achieved power density of 1392.68 mW m−2 which is 2.89 times 
higher than state-of-art Pt/C (481.3 mWm−2). The Electrochemical studies also displayed a similar result. The 
signi昀椀cant increase in power generation with Mn−Co/SGO−PAni nanocomposite as a cathode catalyst indicates 
that it can be used as a promising, inexpensive electrocatalyst for the long-term operation for MFC.   

1. Introduction 

Microbial fuel cell (MFC) is a novel, environmentally friendly and 
promising alternative energy source that produces bioelectricity from 
wastewater or biomass in which bacteria are used as catalysts to oxidize 
organic matter [1,2]. The bacteria in anode chamber produce protons, 
electrons, and CO2 from the biodegradation of organic fuel by catabolic 
metabolism. The electron is transferred from the anode to the cathode 
through an external wire and then reduces oxygen in the air to form 
water and electric current [2,3]. The overall MFC performance is 
affected by several factors such as cell design, electrode materials, 
bacterial inoculum, substrate, and ion-selective membrane [4]. Unfor-
tunately, the sluggish kinetics of the oxygen reduction reaction (ORR) 
has become the bottleneck of power generation in MFC. Hence, a 

number of studies have been employed to accelerate the sluggish ki-
netics of the ORR at the cathode [5]. Generally, high surface area, 
excellent electrical conductivity, high catalytic activity, good stability, 
and low cost are very necessary to enhance the ORR kinetics. 

The most commonly employed cathode catalyst is platinum (Pt) and 
its alloys as they have good catalytic activity, stability, and resistance to 
corrosion [6–8]. Noble metal Pt is rare and expensive and has poor 
availability along with sensitivity to catalyst poisoning and these are the 
major hindrances to its commercial acceptance. Therefore, developing 
an alternative cost-effective non-platinum catalyst for ORR has stimu-
lated wide research interests [9,10]. Several metal-based catalyst, i.e. 
CoOx/FePc [11], Spinel−type Cu/Co [12], Co/Fe/N [13], 
α−Fe2O3/polyaniline [14], Ni−Co/SPAni [15], Cu2O/RGO [16], 
Zn−Co/ZnO [17], V2O5/GO [18], δ−MnO2 [19] and SGO−TiO2–PAni 
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a b s t r a c t 

Internet of Health Things (IoHT) has become a demanding application of Internet of Things 

and cloud computing. In IoHT, the exchange and processing of health data are performed 

for monitoring the health status of patients. The health data collected using a body area 

network are stored and processed inside the cloud servers. The users can access the health 

data using their mobile devices as well as can receive health care advice. To reduce energy 

consumption and delay over the remote cloud servers, fog computing has been introduced. 

The health care system using fog computing is emerging due to the increasing need of 

energy and latency optimized health service provisioning. This article focuses on fog based 

Internet of Health Things for indoor as well as outdoor scenarios. In the proposed system 

the weighted majority game theory is used for selecting fog device in indoor and outdoor 

regions. Simulation results demonstrate that the proposed fog computing based system 

reduces the average delay, average jitter and energy consumption by approximately 15%, 

20% and 15% respectively than the existing cloud only health care system. 

© 2020 Elsevier B.V. All rights reserved. 

1. Introduction 

Electronic health (e-health) monitoring has become an emerging research field in the last few years [1] . The exponential 

growth in the number of smart phone users has made a remarkable change in the traditional e-health system and mobile 

health (m-health) monitoring has been introduced. Nowadays most of the smart phones have health related applications, 

which can detect user activity and predict health condition based on pulse rate, BMI etc. Samsung S Health, Apple Healthkit, 

Google Fit, Microsoft Health etc. are some of the popular applications. Health sensor devices are also available which can 

detect several health parameters like blood sugar level, pressure level, ECG etc. [1] . After collecting respective health pa- 

rameter values these sensor nodes transmit the same to the connected smart phone. The smart phone can process the data 

and predict the health status. However, execution of exhaustive applications for processing health data may not be possible 

inside the smart phones due to resource constraints. Mobile cloud computing may resolve these challenges [2] . By executing 
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a b s t r a c t

Frequency allocation in small cell-based green heterogeneous mobile networks is a demanding research

domain nowadays. Femtocells are the essential components of small cell networks. In this paper, we

propose a low power micro-femtocell network using the master–slave algorithm. In the master–slave

algorithm, the master node allocates work to the slave nodes. When a slave ends its task given by a

master node, it informs the master node, and it is being assigned a new workload. Slave nodes do not

communicate with each other. In our approach, the microcell is divided into three sectors, and each

sector is further categorized into three regions: inner region, outer region, and most-outer region.

Femtocells are allocated in these three regions. According to the duty cycle, several femtocells are

chosen as master femtocells. The rest of the femtocells are assigned under the supervision of the master

femtocells. These femtocells are referred to as slave femtocells. The master femtocells communicate

with the microcell, and the slave femtocells communicate with the corresponding master femtocell.

Frequency allocation for this micro-femtocell network is proposed based on Fractional Frequency Reuse

(FFR). The power consumption, signal-to-interference-plus-noise ratio (SINR), and spectral efficiency

for the proposed network are calculated. The simulation results exemplify that the proposed scheme

reduces the power consumption of the network by approximately 44%–80% than the conventional

heterogeneous network. The simulation results also demonstrate that the proposed network has better

SINR and spectral efficiency than the existing micro-femtocell network. For experimental analysis,

vector signal generator (VSG) and vector signal analyzer (VSA) are used. The experimental results also

show that the proposed network is greener compared to the existing micro-femtocell network.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The increasing use of smartphones has elevated the require-

ment of introducing new approaches for giving good signal

strength at the outdoor as well as an indoor area. Long Term

Evolution (LTE) network has come into the scenario to enhance

the speed of data communication and to boost the capability of

the mobile network [1]. For better, indoor and outdoor cover-

age LTE network is followed by LTE-Advanced (LTE-A) network.

LTE-A is primarily for small cell-based heterogeneous networks.

Small cell serves as a critical component for low power cellular

network [1–4]. Heterogeneous cellular network (HCN) or hetero-

geneous network (HetNet) is a combination of macrocell base
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station (MBS), microcell base station (MiBS), picocell base station

(PBS) and femtocell base station (FBS) [2]. The HetNet is not only

for third and fourth generation mobile networks but for the fifth-

generation mobile network also. FBSs are allocated for giving

better signal strength in the indoor region. FBS is a small cell base

station, which can be deployed in a plug and play manner. The

transmission power of an MBS or an MiBS is higher than that of an

FBS. Deployment of several FBSs inside a macrocell or a microcell

improves coverage [1]. An MiBS has lower transmission power

than an MBS [4].

Hence, in this article, we use MiBS instead of MBS, where

FBSs are allocated inside the microcell based on the master–

slave algorithm. In the master–slave algorithm, the master node

allocates work to the slave nodes. When a slave ends its task

given by a master node, it informs the master node, and it is being

assigned a new workload. Slave nodes do not communicate with

each other. In our approach, FBSs are deployed under an MiBS.

From these FBSs based on duty cycle, master FBSs are chosen,
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existing micro-femtocell network. The results also demonstrate

that the proposed algorithms improve the spectral efficiency

and the SINR. Hence we can conclude that the master–slave

algorithm based proposed micro-femtocell network is a green

cellular network. In the future, we wish to extend our method

for micro-pico-femtocell based three-tier cellular networks.
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Abstract

Conventional chemical approaches for synthesizing nanoparticles (NPs) may restrict

their applicability as they are not eco-friendly, energetically efficient and often

involve toxic reducing/capping agents; but phytonanotechnology enabled the syn-

thesis of safe, inexpensive, highly biocompatible NPs. In this regard, thorough under-

standing of green components and the modulatory effects of different reaction

conditions on the physicochemical parameters of green synthesized NPs would be a

prerequisite, which is not depicted elsewhere. This review critically analyzes the rele-

vant reaction conditions from their mechanistic viewpoints in plant-based synthesis

of NPs arising fundamental issues which need to be determined carefully. The size,

stability and surface chemistry of phytogenic NPs may be fabricated as a function of

multiple interconnected reaction parameters and the plant species used. The thera-

peutic potential of phytogenic NPs may depend on the plant species used; and so the

meticulous understanding of physicochemical parameters and the family wise short-

ing of elite plant species may potentially benefit the theranostic future of plant-

based NPs.

K E YWORD S

green-synthesis, nanotechnology, phytochemicals, phytonanotechnology, plant-based

nanoparticles, reducing/capping agents

1 | INTRODUCTION

Cancer is an emerging health concern due to its high rate of global

occurrence in every year and associated therapeutic complications.1-4

The waned enhanced permeability and retention (EPR) effects of che-

motherapeutic agents, underdeveloped drug delivery systems for tis-

sue/organs/organelles specific targeting and the deficit of original

bioavailability would be the major technological limitations subduing

the therapeutic efficiency of chemotherapeutants.

The advent of nanotechnology has opened up a new horizon to

the treatment of many deadly ailments including cancer.5-7 The pre-

sent physical and chemical methods (including both top-down and

bottom-up approaches) for nanoparticles (NP) synthesis still have to

depend on the use of a lot of toxic and environmentally hazardous

reagents, which might impose severe detrimental effects on the envi-

ronment, ecosystem and public health; and are labor intensive, ener-

getically inefficient and expensive.8-15 These hurdles compelled

researchers to think another way and to make use of biomolecules for

NPs synthesis aiming to develop facile, inexpensive, energetically effi-

cient and eco-friendly technologies (green technology) for biocompat-

ible NPs synthesis (Figure 1).

The phytomining approach of NPs recovery depends on the

sequestration of biocompatible NPs from the plants which can

bioaccumulate the metals ions and are able to reduce them making

NPs in vivo; but this process is time consuming and cannot monitor the

size and shape of synthesized NPs.16 In this way, the in vitro approach

for plant-based synthesis of NPs (bottom-up approach) has been devel-

oped. The green synthesis of NPs involves the biomolecules of plants,
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Abstract Escalated production of plastic, their

worldwide distribution and persistent nature finally

results into their environmental accumulation causing

severe threats to the ecological environment and

biotic health. Thus, development of suitable measure-

ments for environmental remediation of plastic may

be an urgent issue in this plastic age. Some recent

reviews have categorized the microbial species able

to degrade different plastic polymers and the different

factors effecting bio-degradation of plastic are poorly

understood. This review comprehensively discusses

bio-degradation of traditional and biodegradable

plastic polymers both in natural and biological

environment (gut microbes and fungi) to understand

different factors regulating their degradation, and also

shows how degradation of plastic polymers under

abiotic factors influence subsequent biological degra-

dation. Different physicochemical modifications

like - breaking large polymers into small fragments

by pre-treatment, functional groups enrichment,

identifying potent microbial species (consortia) and

engineering microbial enzymes might be crucial for

bio-degradations of plastic. Effects of

micro/nanoplastic and other chemical intermediates,

formed during the bio-degradation of plastic, on

species composition, abundance, growth, metabolism

and enzymatic systems of microbes involved in the

bio-degradation of plastic should be determined in

future research.

Keywords Bio-degradation · Pre-treatment ·

Functional groups · Biotic-abiotic factors ·

Microbial enzymes · Composting

Introduction

Global production rate of plastic production is

increasing every year since 1950 s due to their wide

range of applications in different sectors such as

agriculture, packaging, construction, automotive

industry, biomedicine etc. Increasing annual produc-

tion of plastic and their improper waste management

collectively results in higher environmental accumu-

lation. The global production of plastic reached

368 million tons in 2019 and 51% of this total

production was contributed by Asia (Plastics—the

facts 2020 by Plastic Europe). Eriksen et al. (2014)

showed the improper waste management system to be

accounted for floating of [5 trillion plastic pieces
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Co-occurrence of co-contaminants: Cyanotoxins andmicroplastics, in soil
system and their health impacts on plant – A comprehensive review
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H I G H L I G H T S

• Cyanotoxin andmicro/nanoplasticsmay

be emerging co-contaminants in soils.

• Phytotoxic effects of cyanotoxin and its

mixture are poorly understood.

• Co-occurrence in soil suggests sorption

of cyanotoxin onto micro/nanoplastics.

• Distinct lack of combined effects of

cyanotoxin & micro/nanoplastics.

• Ecotoxicity should be measured using

environmentally relevant doses.

G R A P H I C A L A B S T R A C T
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Cyanotoxins (CTX) and micro/nanoplastics (M/NP) are ubiquitously distributed in every environmental com-

partment. But the distribution, abundance and associated ecological risks of CTX are still poorly understood in

soil system. On the other hand,M/NP could serve as vectors for persistent organic/inorganic pollutants in the nat-

ural environment through the sorption of pollutants onto them. Thus, co-occurrence of CTX and M/NP in soils

suggests the sorption of CTX onto M/NP. So, major aim of this review is to understand the relevance of CTX

and M/NP in soils as co-contaminants, possible interactions between them and ecological risks of CTX in terms

of phytotoxicity. In this study, we comprehensively discuss different sources and fate of CTX and the sorption

of CTX ontoM/NP in soil system, considering the partition coefficient of different phases of soil andmass balance.

Phytotoxicity of CTX, CTXmixture and co-contaminants has also been discussedwith insights on themechanism

of action. This study indicates the need for the evaluation of sorption between co-contaminants, especially CTX

and M/NP, and their phytotoxicity assessment using environmentally relevant concentrations.
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Two solvatochromic fluorescent azine derivative 1-((E)-((Z)-(4-(diethylamino)-2-hydroxybenzylidene)hydrazono)methyl)

naphthalen-2-ol (L1) and (E)-2-((4-(diethylamino)-2-hydroxybenzylidene)amino)-3,6-dihydroxyspiro[isoindoline-1,9-xanthen]-

3-one (L2) was synthesized via Schiff base condensation. The introduction of an electron-donating diethylamino group and

an electron-accepting fluorophore unit into the pi-conjugated system of L1 and L2 endowed a prominent solvatochromic emis-

sion property. In contrast with the very little changes of absorption spectra in the different solvents, the emission was strongly

dependent on the solvent polarity and could be tuned from blue region to red region by changing the solvent from less polar

tetrahydrofuran to highly polar water. Both the ligand L1 and L2 were able to binds Cu2+ ion selectively via fluorescence turn-

off process. The limit of detection (LOD) for Cu2+ was found to be 1.9 M and 1.62 M with L1 and L2, respectively. The

photophysical experimental results reveal that the Cu2+ ions quenched the intrinsic fluorescence of both L1 and L2 by form-

ing the ligand-metal complexes, but the quenching process different (static or dynamic) for the two probes. In addition, the

binding spontaneity was mainly entropy-driven. Again both ligands successfully detect Cu2+ by means of TLC paper as well

as simple filter paper based strips and hence, they would be very useful for onsite detection purpose.

Keywords: Solvato(fluoro)chromism, Cu2+ ion, quenching, LOD, thermodynamic spontaneity, paper strips.

Introduction

Luminescent materials derived from Schiff base com-

pounds have attracted great attention in the past few de-

cades owing to their potential applications in the fields of

organic electronics, optoelectronics, sensors and informa-

tional displays1. It is well known that the absorption and emis-

sion spectral responses of chemical compounds may be in-

fluenced by the surrounding medium and that medium can

bring about a change in the position, intensity, and shape of

absorption and/or emission  bands. Hantz schlater termed

this phenomenon solvatochromism2,3. The term often

solvatofluorchromism was defined for the emission position

change upon solvent polarity variation. Obviously, this phe-

nomenon is caused by differential solvation of the ground

and first excited state of the light-absorbing molecule (or its

chromophore). Differential solvation of these two states is

responsible for the solvent influence on emission spectra4.

In general, molecules with a large change in their permanent

dipole moment upon excitation exhibit a strong

solvatochromic behaviour5. Besides the dipole moment

change on excitation, the ability of a solute to donate or to

accept hydrogen bonds to or from surrounding solvent mol-

ecules in its ground and Franck-Condon excited state deter-

mines further the extent and sign of its solvatochromism4,6,7.

Fluorescent molecules possessing solvatochromic prop-

erties display different emission spectra depending on sol-

vent polarity whose fluorescence intensity, color, and wave-

length are sensitive to the environment5,8. The absolute value

of the red shift depends, usually linearly, on the solvent po-

larity. The more polar solvent with a higher static dipole mo-

ment polarizes molecules more strongly, the stronger the red

shift. Due to their sensitivity to polarity and hydration,
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for Cu2+ was found to be 1.9 M and 1.62 M with L1 and

L2, respectively. The thermodynamic parameter reveals the

binding of metal ion is associated with entropy favorable path.

The complete quenching of the emission intensity was ob-

served with Cu2+ ions in paper strips unravel the efficiency

of the probe L1 and L2 to detect Cu2+ ions as an onsite

sensor.
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Precambrian mafic magmatism is an important global episode which played a signifi-

cant role in the crustal evolution. In India, Singhbhum Craton being the oldest craton,

witnessed significant occurrences of Precambrian geological activity, marked by sev-

eral episodes of volcanism, plutonism, sedimentation spanning from Palaeoarchean to

Mesoproterozoic age. Here we present petrological and geochemical characteristics

of Precambrian mafic volcanic rocks (occurring in western Iron Ore Group (IOG),

Singhbhum Craton, eastern India) to evaluate their petrogenetic aspects, tectonic set-

ting, and magma generation. The mafic volcanic rocks are porphyritic in nature with

the phenocrysts of plagioclase and groundmass composed of clinopyroxene, plagio-

clase, ilmenite, and volcanic glass. These rocks are mostly tholeiitic, sometimes with a

transitional behaviour towards calc-alkaline nature and display basalt-basaltic andes-

ite affinity. These mafic volcanic rocks also preserve geochemical signatures (high

Nb/U, Nb/La, [Nb/Th]pm ratios) in support of Nb-enriched basalts and are classified

as Nb-enriched basalts (NEB; Nb > 7 ppm) and high-Nb basalts (HNB; Nb > 20 ppm)

on the basis of Nb concentrations and mantle normalized Nb/La ratios (>0.5). The

NEBs and HNBs are marked by lesser magnitude of negative Nb anomalies with high

(Nb/Th)pm, (Nb/La)pm, and Nb/U ratios as compared to normal arc basalts. Several

major element oxides, trace elements, and selected element ratios (like SiO2,

CaO/Al2O3, Y, V/Cr, Zr/Nb, and
P

REE) show systematic variations with MgO which

suggests role of magmatic fractionation. Chondrite-normalized REE patterns for NEB

and HNB rocks exhibit uniform LREE enrichment with distinct Eu negative anomalies

while primitive mantle-normalized incompatible trace element patterns reflect enrich-

ment in LILE and LREE with prominent Nb-Ta anomalies. Different HFSE ratios cor-

roborate a subduction related setting for magma generation formed by �10%–20%

melting in the domain of garnet lherzolite. Relative enrichment of LILE and LREE with

depleted HFSE characteristics attest a garnet-bearing mantle source and melt extrac-

tion with garnet in the residue. Geochemical signatures suggest that the genesis of

NEB and HNB is attributable to slab-melting and wedge hybridization processes
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Abstract: 

Kinship studies, a key area of anthropology since the late nineteenth century, implies human 

relationships based on consanguinity and biological affinity, where blood-relationships play an 

essential role in the social grouping of people and identity formation. The essentialist idea of kinship 

insists on a universal assumption48Blood is thicker than water9. However, this idea has been 
challenged by modern cultural anthropologists in the late twentieth century (David M. Schneider and 

Marilyn Strathern) and early twenty-first century (Janet Carsten) since it does not take into 

consideration multiple cultural factors in the formation of kinship in this modern age of transnational 

migration and dislocation. Setting the 8blood-related9, 8natural9 or biological kinship aside, they 

advocated for the 8cultural9 dimensions of kinship configured by regional specificity, community, 
ethno-nationality, language, marriage and even diasporic dislocation. In this article, we attempt an 

exploration of transcultural kinship concerning diasporic individuals and their families constituted by 

members with different ethno-cultural identities. Taking Amitav Ghosh9s The Glass Palace (2000) as 

case-study, this essay would examine how dislocation beyond the familiar cultural space opens up 

avenues for re-imagining kinship beyond the bonds of community and often leads to the establishment 

of families across the <water= (metaphoric of diasporic mobility). We also attempt to investigate how 

cultural hybridity and transculturality reconfigure family-ties situating an individual in a newer 

pattern of kinship; how a relationship like close friendship or mentorship turns into strong kinship 

bonds resembling family-ties.    

Keywords: Migration, Dislocation, Identity, Borders, Negotiation, Kinship, Family-ties  

<The ideas of kinship, the kin-based society, the idiom of kinship, and the content of kinship are the 

received wisdom of today, as they have been almost from the beginnings of anthropology.= 

A Critique of the Study of Kinship (1984): David Murray Schneider 

-With this proposition, Schneider9s influential volume A Critique of the Study of Kinship (1984) 

initiates a relatively new way of looking at kinship studies beyond the formalist tradition, by 

attempting cross-cultural analyses of kinship only three decades back. The inception of kinship 

studies is attributed to Lewis Henry Morgan and his 8magnum opus9 Systems of Consanguinity and 

Affinity of the Human Family (1871) which centres around the essentialist idea of kinship based on 

blood relationships and biological affinity. The propositions of Schneider9s new anthropology of 
kinship, which he finds as <the received wisdom of today= (3), rely heavily on nature/culture interplay 

than the biologically determined structuralist way of assessing kinship. The inclusion of 8local9 
culture/s and community history as no less essential determinants than the exclusive factors like 

progeny and ethnology in kinship studies, has allowed a broader and more fluid conceptualization of 



the eventual birth of Ilongo is a strong example of transcultural kinship in dislocation. The ending of 

the novel is significant since it shows how lack of wealth, homelessness and dislocation transform 

people. Despite their mutual antipathy, the redemptive love brings Rajkumar and Uma together to 

dissolve the borders between them. The crossing of borders not only liberates the 8self9 from a 
confined space but also situates it in a global network of kinship that paves the way for re-imagining 

community and a home across the water.  

End Note: 

1. Ghosh9s narrator indulges in a fanciful reference to botanical kinship while reflecting over the 
relationship between teak and mint: <Teak is a relative of mint, tectona grandis, born of the same 

genus= (70), and <there was an unmistakable kinship, a palpably familial link= (71). 
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ABSTRACT The phenomenon of migration flows is not a new process in Darjeeling district.It has evolved time
and again with diversified patterns in terms of class, caste and gender specifics. Historical evidences addressed in hill
studies show that the pattern of migration from Darjeeling district was mainly dominant by the male migrants who
were migrating to the metropolitan cities to work in private sectors. But the recent trends in migration from this
region are of women migrating independently to work in informal sectors mostly as a domestic worker to countries
like Gulf countries, Middle East countries and South East Asian countries. They have become active economic
agents as well as inspiration for aspirant migrants in the home country. Thus, on the basis of this context,
exploratory research has been conducted in Darjeeling district in an attempt to study the patterns and impact of
women’s international migration and examine socio-cultural implications that caters towards the empowerment of
women in Darjeeling district.

INTRODUCTION

Migration is a universal phenomenon con-
cerning people’s movement from one place to
another for multiple reasons and having mani-
fold connotations. International Organisation for
Migration defines migration as, “the movement
of a person, whatever its length, composition
and causes, and it includes migration of refu-
gees, displaced persons, economic migrants and
persons moving for other purposes, including
family reunification” (Bhardwaj and Sawant
2015). Donald (1979) defines migration as a “ra-
tionally planned action, which is the result of
conscious decisions taken after a consideration
or calculation of the advantages and disadvan-
tages of moving and staying”. In the simplest
form, international migration can be defined as
the movement of people across borders and stay-
ing in the host country on a temporal or perma-
nent basis.

Conceptualising the historical trend of mi-
gration, the phrase “migrants” was used only as
a code for male migrants while women migrants
have always been linked with marriage and oth-
er associational reasons. While, with the oil boom
in Gulf countries, the emergence of newly in-
dustrialising economies, expansion of the ser-
vice economy, high demand of skilled and un-
skilled labour in the developed regions has in-
tensified a much broader pattern of internation-

al migration incorporating women migrants as
well. Apparently, females represent half of the
international migrants in developed regions
whereby “the phrase feminisation of migration”
is gaining prominence in the field of research
studies.

Of the above issues of significance, interna-
tional migration from Darjeeling District is a top-
ic worth studying. International migration from
this region is readily enforced and reshaped by
the radical changes in the demographic pattern
during the last one hundred and fifty years. The
structural changes of the region are concomi-
tant with the historic migration between and from
neighbouring countries with the resultant effect
of colonial regime during the early and mid- nine-
teenth century1. The widespread influx of Ne-
palese of Nepal has not only affected the socio-
economic profile of the region but also constant-
ly blurred their (Indian Nepalese) national iden-
tities and thwarted their protracted demand of
autonomy (Gorkhaland Movement), which has
been a controversial issue till date. By the time
of the second Census of India in 1881, the Ne-
palese formed the absolute majority not only in
the three hill sub-divisions but also in the whole
district of Darjeeling” (Dasgupta 1999).

Moreover, if one looks at the socio-econom-
ic profile of Darjeeling district, half of the popu-
lation is agriculturist and majority of them are
engaged in tea plantation works. Since its in-
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Abstract 

India, being a culturally diverse country, treasures numerous ethno-cultural communities. 

Santhal community is one of them, due to their sizeable population.  Santhals of Chotanagpur 

region, like any other tribal community believes in numerous myths and legends, often these 

beliefs consider 8mysterious9 and beyond the border of reason, 8dahni-bidya9 or witchcraft is 

one of them. This eerie knowledge of spirits is practiced by few Santhal women to gain 

benefit from others by causing them harm. The damaging nature of such knowledge made 

Santhals avoid those women who participate in it, thus making them socially marginalized in 

their own community. On the other hand Santhals have their own set of socio-cultural and 

religious practices which considered under-civilized by main-stream Indians, consequently 

making them unequal 8other9 and marginalized.  
Both the socio-ethnic marginalization of the tribals due to cultural difference outside the 

border of the community, and the marginalization of the women empowered by the knowledge 

of witchcraft inside the community find sharp literary representation in Hansda Sowvendra 

Shekhar9s debut novel The Mysterious ailment of Rupi Baskey (2014). The present paper will 

focus on the portrayal of the Santhal women who are the victims and practitioners of 8dahni-

bidya9 and marginalization as well as those who are benefitted by such practices. The paper 
will further convey how globalization has influenced the lives Santhals women and the future 

of 8dahni-bidya9 in the age of 8modern9 medical sciences as represented in the novel.  

 

Key words: Ethno-cultural difference, Tribal culture, Marginality, Transformation etc. 

 

 

 

Tribal culture treasures numerous myths, legends and folklores. Epistemologically, the socio-

cultural practices in tribal are often shaped by so-called 7mysterious8 beliefs which seem to be 
rooted beyond the border of logic and reason. People of the Santhal tribal community, like 
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issue of marginality becomes less severe as it was earlier. As Rupi, with the assurance of the 

ending of witchcraft over her family, curls up to sleep and then slips into a dream of wish 

fulfillment and prosperity, Hansda8s narrative excels in creating a space where ailment could 
only be replaced by happiness and a dream of peace.  

------@@@------ 

Acronym used: 

MARB – The Mysterious Ailment of Rupi Baskey 

 

 

Works Cited: 

Bodding, P.O. Traditions and Institutions of the Santhals. Gyan Publishing House: New 

Delhi, 2016. Print.  

Chakraborty, Amitayu. 5Problematising 7Indigeneity8 through Hansda Sowvendra Shekhar8s 
The Mysterious Ailment of Rupi Baskey6. Rupkatha Journal on Interdisciplinary 

Studies in Humanities, Vol. 11, No. 3, October-December, 2019. 1-9. Doi: 

https://dx.doi.org/10.21659/rupkatha.v11n3.19 

De, Asis. 5Natural Supernaturalism and Tribal Eco-theology in Hansda Sowvendra Shekhar8s 
The Mysterious Ailment of Rupi Baskey6 in Rethinking Environment: Literature, 

Ethics and Praxis, Ed. Shruti Das, Delhi: Author Press: 2017. 235-242, Print.  

Hadder, Hans. 5Moving Identities: The Jadopatia, the Santals and Myth of Creation.6 Web. 
Sept. 2015. 

https://www.researchgate.net/publication/282247501_Moving_Identities_The_Jadopa

tia_the_Santals_and_the_Myth_of_Creation. 

Hansda, Sowvendra Shekhar. The Mysterious Ailment of Rupi Baskey. Aleph: New Delhi, 

2014. Print.  

Hansda, Sowvendra Shekhar. Interview by Anumeha Yadav. The Hindu, 28 Nov. 2014. 

https://www.thehindu.com/features/magazine/writer-hansda-sowvendra-shekar-talks-

to-anumeha-yadav/article6574437.ece 

Hembram, Ratan et al. 5A Visual Journey into Santhal Village Life6. Web. Feb. 2016. 

http://intangibleheritage.intach.org/wp-content/uploads/2016/07/2.-A-Visual-Journey-

into-Santhal-Village-Life-17-36.pdf 

Tambslyche, Marine Carrin. 5The Impact of Cultural Diversity and Globalization in 
Developing a Santhal Peer Culture in Middle India6. Web. 2013. 

https://core.ac.uk/download/pdf/13322115.pdf 

 

https://dx.doi.org/10.21659/rupkatha.v11n3.19
https://www.researchgate.net/publication/282247501_Moving_Identities_The_Jadopatia_the_Santals_and_the_Myth_of_Creation
https://www.researchgate.net/publication/282247501_Moving_Identities_The_Jadopatia_the_Santals_and_the_Myth_of_Creation
http://intangibleheritage.intach.org/wp-content/uploads/2016/07/2.-A-Visual-Journey-into-Santhal-Village-Life-17-36.pdf
http://intangibleheritage.intach.org/wp-content/uploads/2016/07/2.-A-Visual-Journey-into-Santhal-Village-Life-17-36.pdf
https://core.ac.uk/download/pdf/13322115.pdf


www.TLHjournal.com                        Literary  Herald                         ISSN: 2454-3365 

 An International Refereed/Peer-reviewed English e-Journal 
Impact Factor: 4.727 (SJIF) 

 
 

 
 Vol. 6, Issue 3 (October 2020)   

Page 68 

                          Dr. Siddhartha Sharma 

                                 Editor-in-Chief 

  

The Sacred and the Secular: Post-Colonial Mythopoeia and Cultural Identity 

in R. K. Narayan’s The Man-eater of Malgudi 

          

                                                                     ABANTIKA CHAKRABORTY 

         State Aided College Teacher 

         Department of English (UG and PG) 

         Mahishadal Raj College 

                                                                                      (NAAC Accredited 7A8 Grade College) 
         West Bengal, India 

ABSTRACT 

In the post-colonial Indian Anglophone literary scenario, the urge to represent a distinctly Indian 

cultural identity is the effect of both modernist experimentation and a nationalist assertion. 

Mythopoeia, mainly a post-religious literary aesthetic, becomes a favourite trope for certain 

Indian litterateurs, as it conveys an intermediate perspective between the doctrinal sacred and the 

liberal secular. The retelling of ancient Indian myths in the context of contemporary post-

colonial reality becomes trendy in literary imagination and functional in asserting an Indian 

cultural identity in the second half of the previous century. To bring home the point, I would 

consider R.K. Narayan's The Man-eater of Malgudi as a case study, which, in the words of John 

Thieme, is the "most mythic novel" (120) among all the fourteen novels he has written. This 

paper would explore Narayan's dexterous and subtle use of religio-cultural references from 

ancient Indian mythology as found in the epics and the Puranas, and establish the point that 

Narayan8s mythopoeic treatment is essentially secular. This paper attempts to challenge the 

superficial reception of the character of Vasu as archetypally 5demonic,6 as Nataraj8s assistant 
Sastri finds him. Even Vasu8s death at the end of the novel, which Sastri finds resembling the 

destruction of the mythical Bhasmasura in the 'Shiva Purana', may be seen from a post-religious 

perspective: justifying the death of the despicable. This paper finally aims to establish that 

Narayan8s representation of Indian cultural identity relies more on the minute delineation of the 

Malgudi society, its culture and people rather than on Nataraj8s campaign of the 7sacred8. 

Keywords: Sacred, Secular, Mythopoeia, Post-colonial, Cultural Identity 
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