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Abstract: 
Globally, Tuberculosis has visibly impacted the daily lives of ordinary peoples in almost every 
country. However, the impact is pre dominant in developing countries, where poverty, social 
discrimination is rampant. Tuberculosis patients often face difficulty in social as well as personal 
aspect of life. Worldwide there is an understanding that controlling tuberculosis requires a careful 
amalgamation of various control programs, treatment regime and different aspects of social 
determinants. There is a lack of substantial literature addressing the social and economic assessment 
of tuberculosis patients. In this review we have reviewed the various initiatives taken by World Health 
Organization and supplemented the information with the steps taken by Indian government towards 
End TB strategy with special emphasis on social economic aspect of tuberculosis. In present paper 
tried to understand social- economical impact of tuberculosis in their patients and also sure relationship 
of culture and society with health. 
Keyword: Tuberculosis, economic, social determinants, cost, Drug resistant TB, Management 
 
1. Introduction: 

Humans live in two worlds in the world: as members of the animal kingdom, they live in the 
animal kingdom, and as social members, they live in the social kingdom. There are lots of dimensions 
that have major or direct relationships between the social and animal kingdoms, and health is one of 
them, especially health. Reproductive health, epidemiology, etc. are strangely related to the social and 
environmental kingdoms. Causes, treatment, prevention, and promotion are the four major dimensions 
of health .And all four dimensions are directly related to the economic dimension, like If a family has 
a good economic situation, they are more likely to make good food choices. If they have access to a 
variety of nutrients, their nutritional levels are higher than in other families. AIDS, tuberculosis, 
Typhoid, and other diseases have had a direct and long-term impact on human society throughout 
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Abstract

Culture is one of the main means for human beings to live and fulfill their needs.

Culture, both material and non-material, is the total form of deeply pervasive qualities

in a society, which teach the society the art of thinking, eating and drinking, living,

dancing and singing etc. Culture mainly has two aspects, material and nonmaterial.

Material culture is an important part of the life both of the tribals and non-tribals.

Present study has been done on Binjhwar tribe in Kokdi village of Gera Panchayat

of Saraipali block of Mahasamund district of Chhattisgarh, in which interview guide,

non-participant observation, group and individual study were used for collection of

primary data. The Binjhwar tribe of the study area is using both new techniques as

well as old techniques for the manufacture, protection and preservation of material

culture such as agricultural equipment, fishing equipment, musical instruments,

hunting equipment, house construction and clothing and jewellery etc. The physical

tools used by them have a special significance in the socio-cultural, environmental,

religious and economic aspects of the life of the Binjhwar tribe, such as building

such houses which are in harmony with the environment, economic dependence on

agricultural implements and wearing ornaments etc. Due to the coming in contact

with non-tribals in the process of modernization, changes are taking place in their

construction and conservation techniques.  So documentation of old techniques is

also necessary for preservation of material culture.

Key Words : Binjhwar Tribe, Material Culture, Change of Culture,

Ethnomuseology.

Introduction

Binjhwar people worship Vidhyanchal Vasini Devi. This tribe considers that the

twelve Binjhwar, brothers are the sons of Vindhyanchalvasini. They are their

NEHA TOPPO
Typewritten text
77

NEHA TOPPO
Typewritten text
771

NEHA TOPPO
Highlight



Vol.:(0123456789)1 3

Plant Cell, Tissue and Organ Culture (PCTOC) 

https://doi.org/10.1007/s11240-021-02167-3

ORIGINAL ARTICLE

Assessment of culture medium without commercial ammonium 
nitrate for in vitro culture of industrially important plant species

Vikram Singh1 · Ravishankar Chauhan2,3 · Inderpal Kaur3 · Afaque Quraishi2,3

Received: 18 June 2021 / Accepted: 1 September 2021 

© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract

Ammonium nitrate (AN) is one of the major nitrogen sources of Murashige and Skoog (MS) medium. It is prohibited in vari-

ous countries, including India because it is used in explosive manufacturing. Since MS is the most successful medium used 

for in vitro culture of many plant species, an attempt was made to achieve the composition of MS medium using ammonium 

hydroxide and nitric acid as an alternative to AN. This acid–base neutralization product AN, was further characterized by 

ATR-FTIR spectroscopy. Micropropagation of Musa acuminata cv ‘Grand Naine’ was tested using the alternate MS medium 

(AMS) and good mean shoot number was achieved. Shoot proliferation of M. acuminata cv ‘Grand Naine’ on AMS was 

significantly better than on normal MS medium. A 1-year production cycle of M. acuminata cv ‘Grand Naine’ was success-

fully accomplished with seven successive subcultures and rooting on AMS medium followed by satisfactory acclimation. To 

check broad cross-species utility of AMS for shoot proliferation, a range of species including Chlorophytum borivilianum, 

Dalbergia sissoo, Dregea volubilis and Plumbago zeylanica were tested. The in vitro shoot multiplication rate of these spe-

cies on AMS was statistically not different from MS medium. These results indicate that AN can be replaced with ammonia 

hydroxide and nitric acid in preparing MS-based medium, without negatively affecting shoot proliferation/ rooting and it 

would be cost-effective too for micropropagation operations in comparison to commercially available MS medium.

Key message 

Commercial  NH4NO3 could be replaced with  HNO3 and  NH4OH in tissue culture medium to follow the explosive regulations 

and was efficient for in vitro culture of various plant species.

Keywords Banana · FTIR · Micropropagation · Murashige and Skoog medium · Nitrogen source · Tissue culture

Abbreviations

AN  Ammonium nitrate

BA  6-Benzyleadenine

IAA  Indole-3-acetic acid

IBA  Indole-3-butyric acid

NAA  Naphthalene acetic acid

AMS  Alternate MS medium

MS  Murashige and Skoog medium

Introduction

If a plant is recognized as a target of research for com-

mercialization, conservation or for both purposes, under-

standing its growth requirements is of supreme impor-

tance (Moyo et al. 2011). The chemical composition of 

a plant tissue culture medium plays a significant role in 

the success of in vitro propagation (Phillips and Garda 

2019). Plants fulfil their nitrogen requirements primar-

ily in the form of nitrate  (NO3
−) and ammonium  (NH4

+) 

(Zhang et al. 2019). The sub-optimal nutrient medium 

may cause disorders or death of cultures (Nas and Read 

2000; Iovinella et al. 2020). Nowadays, micropropaga-

tion technology is extensively applied in the production 
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Abstract

Plants have electrophysiological phenomena and are influenced by external electrical fields too. Plants have been studied for 

this property since the early 17th century. Stimulation in the physiological processes of plants in response to the electric field 

was observed in several studies. The use of electric current for phytosanitation purposes was known since the 19th century. 

This approach gained much attention only during the late 90s when electrotherapy applied to viral-stressed plants showed 

viral elimination possibilities. Concerning viruses, electrotherapy has shown an elimination rate greater than 50% over a 

varied range of voltage, time duration, and the plant part subjected to electro-exposure. Until now, the understanding of this 

mechanism is obscure, and assumptions included an increase in cell temperature causing denaturation of virus particles or 

its movement protein. Thus, a brief bibliographic research review would give directions for improving virus eradication 

from infected crops and producing virus-free plant stock material using an inexpensive and rapid electrotherapy technique 

in the future. Alongside, comprehensive studies are needed for a better understanding of the underlying mechanisms behind 

electrotherapy. Viral eliminations in plants via electro-exposure blended with other therapies such as thermotherapy, cryo-

therapy or chemotherapy are also discussed. The studies revealed that in some cases, electrotherapy alone is a more reliable 

method for producing virus-free plants, whereas, in others, the therapy combined with other virus-elimination techniques 

exhibited a higher virus-elimination efficiency rate.

Keywords Electrotherapy · Electric field · Phytosanitation · Therapy · Virus-free plants

Electric �elds and electrical phenomena 
in plants

In the past 180 years, much has been written on the relation-

ship between life and electricity. Some animals and plants 

have been found to possess electric fields associated with 

them and are also influenced by electric fields applied from 

the outside (Briggs et al. 1926; Burr and Northrop 1939; 

Lund 1947a, b; Blinks 1949; Rosene and Lund 1953; Oster-

hout 1957; Schrank 1959). Unsurprisingly, living cells 

remain separated from one another through aqueous phases 

as well as from the external medium through lining mem-

branes and maintain contrasting ionic composition from the 

environment and from the other cells, too. The passage of 

merely a few ions in solutions could generate an electric field 

(Scott 1967). These electric fields can influence the physiol-

ogy of plants. Therefore, since the 18th century, researchers 

have been attracted to the electrical phenomena in plants.

Over 130 years ago, both Burdon-Sanderson (1873) 

and Darwin (1875) demonstrated the existence of elec-

trical signals in insectivorous (‘motorized’) plants. Next, 

Darwin and Darwin (1880), who worked chiefly on cir-

cumnutation, provided evidence for chemical signals in 

plants. Due to such compelling reasons, plant electrical 

activity was forgotten soon, focusing exclusively on chem-

ical signals. However, research studies by Bose (1924) 

and later Pickard (1973) have gathered substantial evi-

dence for the existence of electrical signals (action poten-

tials (AP)) in a wide array of plants, apart from insectivo-

rous or other ‘motorized’ plants. Despondently, the hope 

was very short-lived, and for many years, the phenomena 

surrounding electrical signalling in plants were forgotten. 

However, about 20 years later, a breakthrough in the field 
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A B S T R A C T   

Banana bunchy top virus (BBTV) is the most destructive etiological agent limiting banana cultivation areas 
globally. This study attempted BBTV elimination by traditional shoot-tip culture (control) and alternative shoot- 
tip + electrotherapy (treated) techniques. Shoot-tip culture from Musa acuminata cv. ‘Grand Naine’ infected 
sources were exposed to 100 mA electric current for different time intervals (20–60 min). Virus indexing (via 
PCR) and genetic 昀椀delity (by ISSR assay) from the cultures were tested, alongside the physio-biochemical pa-
rameters. Exposure of electric current for less than 50 min was ineffective for BBTV elimination. Still, a rise in the 
duration from 50 min or more led to eradicating the virus from some explants. Elimination of BBTV was complete 
from 100 % of explants exposed to 100 mA for 60 min, as con昀椀rmed by lack of BBTV detection even at six months 
after acclimatization. In the control treatment, the maximum ef昀椀ciency of BBTV elimination was 28 % after eight 
subcultures. On the other hand, improved survival % was observed in the treated culture. Moreover, homogenous 
ISSR patterns were there between the treated and the mother plant and similar physio-biochemical activities 
were seen in electro-exposed cultures and healthy ones. Thus, the study reports complete BBTV-elimination from 
banana with international compliances, for the 昀椀rst time, via electrotherapy while maintaining genomic template 
and biochemical stability.   

1. Introduction 

Banana (Musa spp.), belonging to the Musaceae family, is one of the 
most common crops in tropical and subtropical regions (Teycheney 
et al., 2005). Banana occupies fourth place, alongside rice, wheat and 
maize, in gross production value. More than 130 countries of Asia, 
America, Africa, Oceania, and the Paci昀椀c cultivate it (Pei et al., 2007; 
FAOSTAT, 2014). Banana production occupied approximately 5.6 
million hectares of land globally (FAOSTAT, 2017). Banana bunchy top 
virus (BBTV) caused banana bunchy top disease (BBTD) is the most 
economically destructive of banana viral diseases as it can contribute up 
to 100 % yield reductions (Qazi, 2016). 

BBTV comes under the genus Babuvirus, which belongs to the family 
Nanoviridae (King et al., 2011). The genome is comprised of at least six 
circular ssDNA segments (DNA 1–6) of approximately 1 kb each, singly 
encapsidated in isometric virions of 18–20 nm diameter, which are 
composed of a single coat protein of 20,000 Mr (Harding et al., 1991; 
Dietzgen and Thomas, 1991). BBTV is restricted to the phloem tissue 

(Magee, 1940). The typical bunchy top symptoms include chlorosis of 
the leaf margin, narrowing and bunching of successive leaves with a 
‘Morse code’ pattern, J-hook markings along the midrib of the leaves, 
and dark green streaking petioles (Dale, 1987). Pentalonia nigronervosa 
Coquerel (Hemiptera: Aphididae) transmits BBTV through a circulative 
and non-propagative mechanism in banana (Musa spp.) (Magee, 1927). 
P. caladii is also recognized as a competent BBTV vector (Bressan and 
Watanabe, 2011). Traditionally, bananas propagate vegetatively 
through suckers are shoots growing from a lateral bud on the parental 
rhizome (Ali et al., 2011). A series of non-professional cultivation 
practices, abiotic and biotic stresses signi昀椀cantly reduce the yield of 
vegetatively propagated bananas and plantains (Helliot et al., 2002; 
Matsumoto and Silva Neto, 2003). This process is not pro昀椀table 
commercially, as the multiplication rate of suckers is slow (15–20 per 
plant per year). Its success depends on clone selection, environmental 
conditions and cultural practices (Ali et al., 2011). Moreover, as 
explained by Lassois et al. (2012), the virus transmission is particularly 
an issue in the vegetatively propagated crops, like banana, because of 

Abbreviations: CAT, catalase; POX, peroxidase; SOD, superoxide dismutase; ROS, reactive oxygen species; TEM, transmission electron microscope; MDA, 
malondialdehyde; BA, 6-benzyladenine; IAA, indole-3-acetic acid; IBA, indole-3-butyric acid; TAE, tris-acetate-EDTA; CTAB, cetyl trimethyl ammonium bromide; 
GTS, genomic template stability; ISSR, inter simple sequence repeat; LPX, lipid peroxidation. 
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Abstract 
Nitric oxide (NO) and hydrogen sulfide (H2S) are two 
versatile gaseous molecules which play myriad roles in 
the growth and development of plants. They play an 
important role in signal transduction process in plants 
exposed to various environmental stresses. Signal 
transduction and various antioxidant strategies are 
vital for the management of abiotic stress imposed 
alterations in plants. These two secondary messengers 
neutralize the cell perturbations caused by stress-
triggered over produced reactive oxygen species. Study 
of crosstalk between NO and H2S reveals the functional 
importance of proteins regulated during S-
nitrosylation and S-sulfhydration respectively, the two 
major signal-dependent post-translational protein 
modifications.  
 
Also, NO and H2S decrease the toxic impacts of 
reactive species by triggering the signal transduction 
process, enhancing antioxidant enzymes, stimulating 
other signaling molecules and regulating the transcript 
levels of different stress-responsive genes. This review 
mainly emphasizes on the roles of NO and H2S in 
responses of plants to abiotic stresses and reveals the 
crosstalk involving NO and H2S in stress tolerance 
mechanisms. 
 
Keywords: Hydrogen Sulfide, Nitric Oxide, Oxidative 
stress, Reactive oxygen species, Signal transduction, 
Signaling molecules, Stress tolerance. 
 
Introduction 
Abiotic stresses such as heat, cold, salinity, drought, metal/ 
loid, ultraviolet (UV) radiation etc. adversely affect the rate 
of germination, development and yield of economically 
essential crop plants and more than 50% yield losses are 
direct result of these stresses23,26. One of the most common 
phenomena taking place during the plant responses to these 
abiotic stresses is the oxidative explosion illustrated by the 
uncontrolled production of reactive oxygen species (ROS) 
such as singlet oxygen (1O2), hydroxyl radical ( OH), 
hydrogen peroxide (H2O2) and superoxide (O2 41.  
 
These elevated levels of ROS are severely injurious to plant 
cells as they directly oxidize the lipids, proteins and amino 
acids, inactivate enzymes and damage pigments and nucleic 
acids6,17. Condition of oxidative stress triggers a series of 

detrimental impacts in plants including reduced germination 
score, biomass, root and shoot length, reduction in the 
number of leaves and leaf area, curling, wilting and necrosis 
of leaf blades, disturbed cellular osmotic balance, alteration 
in flow of energy, interference with minerals and ions 
uptake, losses in the mineral contents, inhibition in the rate 
of photosynthesis, chlorophyll biosynthesis, enzyme 
activities and cellular metabolism4,37. These damaging 
effects of oxidative stress hamper / hinder the growth and 
development and ultimately lead to death of plants. 
 
The effectual control and rapid removal of ROS is essential 
for the proper functioning and survival of the plants. Thus, 
to counterbalance the environmental stresses, plants store 
multiple groups of compatible solutes such as proline, 
glycinebetaine, sugars etc. together with defensive enzymes 
and non-enzymatic components36. Enzymatic components 
include superoxide dismutase (SOD), catalase (CAT), 
peroxidases such as ascorbate peroxidase (APX), guaiacol 
peroxidase (POD) and glutathione peroxidase whereas 

-
tocopherol constitute non-enzymatic components which 
protect the plants against ROS-induced oxidative 
damage28,35. Thus, understanding the mode of action of some 
of the molecules applied exogenously that can improve the 
defensive system of plants, could help in the mitigation of 
detrimental effects of abiotic stress-induced oxidative burst. 
 
The two important gaseous molecules viz. nitric oxide (NO) 
and hydrogen sulfide (H2S) have crucial roles in several 
developmental processes of the plants and are also involved 
in their protection against various abiotic stresses29. In 
plants, both of these molecules are key signal messengers 
involved in various developmental processes such as seed 
germination and root organogenesis. Also, these signaling 
molecules elicit the antioxidant defensive mechanisms of 
plants to reciprocate the oxidative damage to cellular 
structures33. The interactions of NO and H2S have also been 
used in awarding plant tolerance to various stresses such as 
aluminum, arsenic (As), cadmium (Cd), salinity and heat in 
plants11,16,23,32,33. 
 
Being a ubiquitous, gaseous bioactive molecule and a 
secondary messenger, NO has gained an increasing attention 
of scientific research in plant cells. It is well known that NO 
has significant role in the management of plant growth, 
development, interaction with other signaling molecules and 
in the adaptive responses to the abiotic stresses15. In 
addition, its role is evident in seed germination, root 
formation and elongation, fruit yield, photomorphogenesis, 
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Abstract

In developing countries, rapid urbanization and industrialization cause heavy metal contamination, including lead (Pb). India 

is one of the most developing countries where anthropogenic sources are the chief generators of Pb contaminants. Mining, 

smelting Pb containing paints, papers, gasoline, and municipal sewage sludge enriched with Pb come in contact with a 

natural drain subsequently used for irrigation and cultivation of food crops and vegetables. Wastewater irrigated crops tend 

to cause contamination with Pb and thus pose a threat to the environment and human beings. The present review explored 

the anthropogenic sources of Pb and its bioaccumulation in vegetables and further consequences on human health. It also 

focused on reducing the phyto-bioavailability and accumulation of Pb in vegetables by using various improved strategies. 

Approaches like biochar application, microbes and their combination with biochar, co-remediation, co-cropping, nanopar-

ticle-based method, biofilters, and fertilizers might hinder the subsequent transfer of Pb and other heavy metals in the food 

chain system and reduce the health risk.

Keywords Bioaccumulation · Contamination · Industrialization · Lead toxicity · Phyto-bioavailability

Introduction

Globally, over 20 million hectares of land are considering 

soil-polluted sites where hazardous heavy metals and met-

alloids pollution are responsible for > 50% of lands con-

tamination (Kumar et al. 2019). Now, soil and vegetable 

contaminations due to the accumulation of heavy metals is 

a prime environmental concern (Aslam et al. 2021). Lead 

(Pb) is one of the toxic heavy metals existing in many forms 

in the world. Apart from its nitrate, chlorate, and chloride 

salts, other inorganic salts are poorly soluble in water (WHO 

2001). Various anthropogenic activities such as mining, 

metallurgy, industrial waste, pesticides transportation, con-

struction, manufacturing, fossil-fuel combustion, incinerator 

emissions, and urban activities are responsible for elevating 

Pb in soils (Yongpisanphop et al. 2017). Generally, Pb is sta-

ble, highly persistent, and has less solubility in soil solutions 

(Zhang et al. 2014; Kaur et al. 2018b). Therefore, it can be 

absorbed by vegetables through rhizosphere mediated solu-

bility. Soils derived Pb contamination from various leaded-

house paint, leaded-gasoline, some pressure-treated wood, 

and lead-arsenate pesticide (Schooley et al. 2008). Despite 

the phases out of leaded-gasoline and paint, beginning in the 

1970s, historical Pb contaminations are persisted in urban, 

industrial, and high-traffic areas (McBride et al. 2013). Cur-

rently, due to low maintenance of vehicles resulting high 

emission has also significantly increased the production and 

consequent dry sediment deposition of Pb content (Guo et al. 

2008). The by-products of municipal solid waste in urban 

areas of developing and developed countries are the biggest 

concern. Incineration is a method of disposing of municipal 

garbage, produces airborne metals that bind to particles or 

volatile metal components in the atmosphere (Sahu and Basti 

2021). In the peri-urban ecosystem, industrial or municipal 

wastewater is mostly used for the irrigation of vegetables 

and other crops due to its easy availability, disposal prob-

lems, and the inadequacy of freshwater (Muchuweti et al. 

2006). Water shortage is already a recurring issue in certain 

European nations (EEA, 2018), resulting in environmental 
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Abstract

In developing countries, rapid urbanization and industrialization cause heavy metal contamination, including lead (Pb). India 

is one of the most developing countries where anthropogenic sources are the chief generators of Pb contaminants. Mining, 

smelting Pb containing paints, papers, gasoline, and municipal sewage sludge enriched with Pb come in contact with a 

natural drain subsequently used for irrigation and cultivation of food crops and vegetables. Wastewater irrigated crops tend 

to cause contamination with Pb and thus pose a threat to the environment and human beings. The present review explored 

the anthropogenic sources of Pb and its bioaccumulation in vegetables and further consequences on human health. It also 

focused on reducing the phyto-bioavailability and accumulation of Pb in vegetables by using various improved strategies. 

Approaches like biochar application, microbes and their combination with biochar, co-remediation, co-cropping, nanopar-

ticle-based method, biofilters, and fertilizers might hinder the subsequent transfer of Pb and other heavy metals in the food 

chain system and reduce the health risk.

Keywords Bioaccumulation · Contamination · Industrialization · Lead toxicity · Phyto-bioavailability

Introduction

Globally, over 20 million hectares of land are considering 

soil-polluted sites where hazardous heavy metals and met-

alloids pollution are responsible for > 50% of lands con-

tamination (Kumar et al. 2019). Now, soil and vegetable 

contaminations due to the accumulation of heavy metals is 

a prime environmental concern (Aslam et al. 2021). Lead 

(Pb) is one of the toxic heavy metals existing in many forms 

in the world. Apart from its nitrate, chlorate, and chloride 

salts, other inorganic salts are poorly soluble in water (WHO 

2001). Various anthropogenic activities such as mining, 

metallurgy, industrial waste, pesticides transportation, con-

struction, manufacturing, fossil-fuel combustion, incinerator 

emissions, and urban activities are responsible for elevating 

Pb in soils (Yongpisanphop et al. 2017). Generally, Pb is sta-

ble, highly persistent, and has less solubility in soil solutions 

(Zhang et al. 2014; Kaur et al. 2018b). Therefore, it can be 

absorbed by vegetables through rhizosphere mediated solu-

bility. Soils derived Pb contamination from various leaded-

house paint, leaded-gasoline, some pressure-treated wood, 

and lead-arsenate pesticide (Schooley et al. 2008). Despite 

the phases out of leaded-gasoline and paint, beginning in the 

1970s, historical Pb contaminations are persisted in urban, 

industrial, and high-traffic areas (McBride et al. 2013). Cur-

rently, due to low maintenance of vehicles resulting high 

emission has also significantly increased the production and 

consequent dry sediment deposition of Pb content (Guo et al. 

2008). The by-products of municipal solid waste in urban 

areas of developing and developed countries are the biggest 

concern. Incineration is a method of disposing of municipal 

garbage, produces airborne metals that bind to particles or 

volatile metal components in the atmosphere (Sahu and Basti 

2021). In the peri-urban ecosystem, industrial or municipal 

wastewater is mostly used for the irrigation of vegetables 

and other crops due to its easy availability, disposal prob-

lems, and the inadequacy of freshwater (Muchuweti et al. 

2006). Water shortage is already a recurring issue in certain 

European nations (EEA, 2018), resulting in environmental 
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*Corresponding author E-mail: kshukla26@yahoo.co.in

Wild mushrooms are well known to produce wide range of bioactive metabolites and different types of enzymes. In this
study 5 wild mushroom samples were collected which belongs to different groups. Samples were isolated and observed
the culture characteristics, during the growth of mycelia many biochemical changes are known to occur, as a result of
which enzymes are secreted extracellularly to degrade the insoluble materials into the substrates. Primary screening of
extracellular amylase and cellulose were carried out by plate culture method in the GYP media with soluble starch to test
the amylase activity and for cellulase, CMC (Carboxymethyl cellulose) plate assay was used. All the mushroom cultures
differ in context of extracellular enzymatic activity. The activity of amylase enzyme was substantially higher in all the
mushroom cultures. In the screening of cellulase enzyme two cultures were observed as positive. Present study suggests
the  capacity  of  these  wild  mushrooms  in  the  production  of  biotechnologically  useful  enzymes  with  great  industrial
importance.

Keywords: Amylase, Cellulase, Enzyme, Screening, Wild Mushroom

List of Abbreviations:

A- : After
AV : Average
B- : Before

CMC : Carboxymethylcellulose
DS : Dietary Supplement
E.E : Extracellular Enzyme
Gxm : Glucoonoxylomanan⁺1 Variant
GYP : Glucose Yeast Peptone media
HEPA : High Efficiency Particulate Air
LAF : Laminar Air Flow
MM : Medicinal Mushroom
MW : MiliQ Water
PDA : Potato Dextrose Agar
pH : potential of Hydrogen
psi : Pounds per Square Inch
SD : Standard Deviation

1. Introduction
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*Corresponding author E-mail: kshukla26@yahoo.co.in

The Agarics as a group, occurs in a varieties of habitat. Some species exist in areas that are geographically separated,
while some are known only from restricted areas and many species do seem to show preference for a certain type of
natural habitats as well as for a particular substrate. An extensive exploration of wild mushrooms carried out from 2019 to
2021  at  different  forest  ranges  of  Achanakmar  Biosphere  Reserve,Chhattisgarh  India.  Seven  different  species  of
Termitomyces namely Termitomycesclypeatus, T. microcarpus, T. rabuorii, T. streatus, T. radicatus, Termitomyces sp. -1,

Termitomyces sp -2, were found in edible form. So far members of the group which are found in soil, dung, plant derbies,
independently or in association with particular plant species has minimal documentation and germ-plasm collection from
Chhattisgarh state, which is known for the largest forest land and the tribal population.
Key Words: Agarics, Chhattisgarh, Diversity, Termites, Termitomyces.

Recent studies have diversified the existence of Termitomyces species in Tanzania, Uganda, of Africa and South - east and
west India. The species of Termitomyces grow in association with termites were found to originate from tropical forests
(Mosseboet  al.,  2017;  Nobre  and Aanen,  2010)  like  ancient  Sal  forests  of  Central  –  India.  The  genus  is  absolutely
dependent  on  the  possible  symbiont  relative  termites.  The  number  of  fungus-farming  Termites’  species  is  reported
approximately 165 in Africa, that belong to 11 genera (Kambhampati and Eggleton, 2000),  which are underestimated
considering on the novel termite species that has beenalready discovered (Makonde et al., 2013).There are about more
than 30 Terimitomyces species have been globally recorded (Tang et al., 2020; Sathiya et al., 2020).
The Achanakmar Biosphere Reserve (ABR) accounts for the occurrence and distribution of many unexplored novel
varieties of Termitomyces and Termites due to the richness of variety of tree species. Because the large tree canopies and
huge amount of litter fall in ground surface provide suitable home to various species of both the biological agents. The Sal
tree provides shelter for many more species of Termites to build their nests between ridges and furrow at various heights
of tree trunks. Nevertheless, the Sal and many other native tree species return back substantial amount of leaf litter that
protects soil by water run-off conserving soil moisture under which Termites and microorganisms feed upon and regulate
the process of biodegradation, decomposition to humification.
In fact, the species of Termitomyces arelinked with the economic importance of the termites as not a single species
of Ternitomyces could be grown independently (Kuja et al., 2014) so far.This is an indication of mutualistic relationship of
Termitomyces species with an animal group to place the genus in advance position rather than primitive ectomycorrhizal

1 2 3 1

1
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a r t i c l e i n f o 

Keywords: 
Biodegradable ionic liquids 
Antidepressant drug 
Binding constant 
Fluorescence and FTIR 

a b s t r a c t 

Biodegradable ionic liquids (BDILs) have immense importance in medicinal chemistry and pharmaceutical indus- 
tries due to their biodegradable nature. The interaction of antidepressant drug (AD) i.e., promazine hydrochloride 
(PHC) with novel synthesized BDILs i.e., 1-(2-(octylamino)-2-oxoethyl)pyridin-1-ium bromide (OAOEPB) and 4- 
((hydroxyimino) methyl)-1-(2-(octylamino)-2-oxoethyl)pyridin-1-ium (HIMOAOEPB) bromide has been studied 
by using various spectroscopic techniques viz UV-vis, fluorescence and FTIR. A variety of interaction parameters 
viz binding constant (K a ), Stern-Volmer constant (K sv ), and thermodynamic parameter like Gibb’s free energy 
changes ( ∆G Binding ) have been evaluated at room temperature. The observed results show significant changes in 
the spectral intensities of drug on the addition of BDILs. Highest binding affinity and most promising activity are 
shown by BDILS HIMOAOEPB than compared to OAOEPB. FTIR spectral analysis on BDIL-drug interactions was 
also performed in the wave number range up to 400-4000 cm − 1 . 

1. Introduction 

The use of antidepressant drugs is of paramount significance in the 
pharmaceutical research. Many drug molecules are amphiphilic and 
self-associate in aqueous environment to form small aggregates. This 
surface-active behavior among many diverse classes of drugs has been 
reported and attempts have been made to correlate surface and biologi- 
cal activities [1-3] . The self-association of drug depends on the molecu- 
lar structure of the drug, its concentration and the experimental condi- 
tions e.g., temperature, pH and salt concentration etc [4] . In pharmacy, 
the interaction of small molecules with drugs is extensively studied. In 
this respect, many drugs, particularly those with local anesthetic, an- 
tidepressant, tranquillizer, and antibiotic actions, exert their activity by 
interaction with biological membranes, which can be considered as a 
complex form of amphiphilic bi-layers [5-8] . 

Thus, a clear knowledge of the mechanism of the interactions of 
drugs with other foreign materials is required before the actual applica- 
tion in human body. This is due to the fact that drugs are always used 

∗ Corresponding author at: School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur (C.G.) 492010, India. 
∗∗ Corresponding authors. 
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sipandey@chemistry.iitd.ac.in (S. Pandey), kallolkghosh@gmail.com (K.K. Ghosh), ekarpichev@gmail.com (Y. Karpichev). 

in the presence of a variety of additives [9-11] . Ionic liquids (ILs) have 
shown interesting features and promising application potential in many 
interdisciplinary research areas including pharmaceutics [12-14] . Sev- 
eral ILs are found to be non-biodegradable [15-16] . Hence IL communi- 
ties across the globe are putting their best effort to synthesize ILs from 

bio-molecules that have enormous potential to improve their green cre- 
dentials including biodegradability [17-18] . Among those, amino acid 
based ILs (AAILs) have shown tremendous properties and applications 
with relatively low cytotoxicity as compared to the common ILs and are 
very attractive for both economic and environmental reasons [19-21] . 
Biodegradable based ionic liquids (BDILs) have been widely used as drug 
delivery vehicles, because they have low viscosity, small aggregate size, 
simple preparation, and long self-life [22] . In fact, micellar solubiliza- 
tion is one of the most important properties of BDILs solutions, widely 
used in the solubilization of hydrophobic drugs, in pharmaceutical field, 
food, detergency, cosmetic industries and enhanced oil recovery [23- 
24] . 

As ILs have shown promising potential as drug delivery vehicles, 
hence it is of utmost importance to have prior knowledge on IL-drug in- 

https://doi.org/10.1016/j.ctta.2021.100012 
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a b s t r a c t

Deep eutectic solvents (DESs) have been utilized in many important applications in interdisciplinary

research areas including the investigation of self-assembly of surfactants. In present study, the micelliza-

tion behaviour of two conventional cationic surfactants i.e., tetradecyltrimethylammonium bromide

(TTAB) and cetyltrimethylammonium bromide (CTAB) are investigated in aqueous DESs solutions with

the help of surface tension, conductivity, UV–vis spectroscopy, fluorescence and dynamic light scattering

(DLS) techniques. The synthesis of the DESs is done by simply mixing of choline chloride (ChCl) and urea/

ethylene glycol (EG) in 1 : 2 mol ratio at 353 K temperatureand it is characterized by using FTIR tech-

nique. Various interfacial parameters and thermodynamic properties are evaluated by using tensiometric

and conductometric methods. A noteworthy decrease in the critical micelle concentration (CMC) and

increase in the aggregation number (Nagg) are observed in presence of DESs. Thus signifying that the

micellization process of the surfactants is much favored in the DESs solutions and these are further sup-

ported by DLS results. DLS results show an increase in the micellar size for all the micellar systems in

aqueous DESs solutions. More importantly, the micellar systems of the cationic surfactants within

DESs solutions were also utilized for the study of their interaction with human serum albumin (HSA)

to see how this albumin protein is behaving within the cationic micellar solutions in presence of DESs.

UV–vis spectroscopic evidences show attractive results. It is noteworthy that the albumin protein HSA

shows stronger binding affinity towards the DES-surfactants systems. The present work may further

enhance the potential application of these neoteric green solvent systems composed of water-

surfactant-DESs in the field of colloids, protein biophysics, nanoscience, which in turn will be highly

applicable in the fields of synthesis, catalysis, and pharmaceutics etc.

� 2021 Elsevier B.V. All rights reserved.

1. Introduction

Surfactant self-assembled nanostructures (i.e., normal micelles,

reverse micelles, micro -emulsions) are of enormous significance

owing to their broad potential application in diverse fields of

sciences and technology [1–4]. Various amphiphilic molecules

including surfactants act as surface active agents and show ten-

dency of reducing the surface tension of water [5–6]. These

surface-active agents are widely used as foaming agents, emulsi-

fier, dispersants, corrosion inhibitors, and antiseptics etc [7–8]. In

aqueous solution, the aggregation of surfactant molecules takes

place above certain concentration is called critical micelle concen-

tration (CMC) and forming normal micelles. Where, surfactant (hy-

drophobic tail groups) monomers come closer to each other

formation the micellar core and the hydrophilic surfactant head

group oriented towards the aqueous media. In non-aqueous sol-

vent media, the aggregation pattern is reversed forming reverse

micelles. These nanostructures have exposed tremendous applica-

https://doi.org/10.1016/j.molliq.2021.117864

0167-7322/� 2021 Elsevier B.V. All rights reserved.
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Abstract: Selective, sensitive and affordable techniques to detect disease and underlying health

issues have been developed recently. Biosensors as nanoanalytical tools have taken a front seat

in this context. Nanotechnology-enabled progress in the health sector has aided in disease and

pandemic management at a very early stage efficiently. This report reflects the state-of-the-art of

nanobiosensor-based virus detection technology in terms of their detection methods, targets, limits

of detection, range, sensitivity, assay time, etc. The article effectively summarizes the challenges

with traditional technologies and newly emerging biosensors, including the nanotechnology-based

detection kit for COVID-19; optically enhanced technology; and electrochemical, smart and wearable

enabled nanobiosensors. The less explored but crucial piezoelectric nanobiosensor and the reverse

transcription-loop mediated isothermal amplification (RT-LAMP)-based biosensor are also discussed

here. The article could be of significance to researchers and doctors dedicated to developing potent,

versatile biosensors for the rapid identification of COVID-19. This kind of report is needed for

selecting suitable treatments and to avert epidemics.

Keywords: nanobiosensor; COVID-19 detection; optical; electrochemical; smart and wearable;

piezoelectric; RT-LAMP

1. Introduction

The whole world is facing a deadly viral disease named COVID-19 caused by a novel
corona virus—i.e., severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), first
reported in December 2019 in Wuhan, China [1]. The World Health Organization (WHO)
declared the outbreak of COVID-19 a global public health emergency of international
concern on 20 January 2020 [2]. As per WHO data, more than 200,840,180 confirmed
cases have been reported with 4,265,903 deaths worldwide as of 6 August 2021 [3]. After
combating the first wave of COVID-19, many countries faced a more severe second wave of
the pandemic. Due to the lack of appropriate treatment and diagnostic systems, the SARS-
CoV-2 epidemic became more serious as it continued spreading over the world. Similar
viruses have caused epidemics before: SARS-CoV in 2003 and Middle East respiratory
syndrome (MERS-CoV) in 2012 [4]. The genome of the new COVID-19 virus has been
found to be 80% similar to that of SARS-CoV, hence being named SARS CoV-2 [5]. The
genetic material of SARS-CoV-2, SARS-CoV and MERS are RNA, so they are called RNA

Sensors 2021, 21, 7823. https://doi.org/10.3390/s21237823 https://www.mdpi.com/journal/sensors
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Abstract: Selective, sensitive and affordable techniques to detect disease and underlying health

issues have been developed recently. Biosensors as nanoanalytical tools have taken a front seat

in this context. Nanotechnology-enabled progress in the health sector has aided in disease and

pandemic management at a very early stage efficiently. This report reflects the state-of-the-art of

nanobiosensor-based virus detection technology in terms of their detection methods, targets, limits

of detection, range, sensitivity, assay time, etc. The article effectively summarizes the challenges

with traditional technologies and newly emerging biosensors, including the nanotechnology-based

detection kit for COVID-19; optically enhanced technology; and electrochemical, smart and wearable

enabled nanobiosensors. The less explored but crucial piezoelectric nanobiosensor and the reverse

transcription-loop mediated isothermal amplification (RT-LAMP)-based biosensor are also discussed

here. The article could be of significance to researchers and doctors dedicated to developing potent,

versatile biosensors for the rapid identification of COVID-19. This kind of report is needed for

selecting suitable treatments and to avert epidemics.

Keywords: nanobiosensor; COVID-19 detection; optical; electrochemical; smart and wearable;

piezoelectric; RT-LAMP

1. Introduction

The whole world is facing a deadly viral disease named COVID-19 caused by a novel
corona virus—i.e., severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), first
reported in December 2019 in Wuhan, China [1]. The World Health Organization (WHO)
declared the outbreak of COVID-19 a global public health emergency of international
concern on 20 January 2020 [2]. As per WHO data, more than 200,840,180 confirmed
cases have been reported with 4,265,903 deaths worldwide as of 6 August 2021 [3]. After
combating the first wave of COVID-19, many countries faced a more severe second wave of
the pandemic. Due to the lack of appropriate treatment and diagnostic systems, the SARS-
CoV-2 epidemic became more serious as it continued spreading over the world. Similar
viruses have caused epidemics before: SARS-CoV in 2003 and Middle East respiratory
syndrome (MERS-CoV) in 2012 [4]. The genome of the new COVID-19 virus has been
found to be 80% similar to that of SARS-CoV, hence being named SARS CoV-2 [5]. The
genetic material of SARS-CoV-2, SARS-CoV and MERS are RNA, so they are called RNA

Sensors 2021, 21, 7823. https://doi.org/10.3390/s21237823 https://www.mdpi.com/journal/sensors

Hp
Typewritten text
799

Hp
Typewritten text
800

Hp
Highlight



Volume ���
� March ����

Download full issue

Previous vol/issue Next vol/issue

Receive an update when the latest issues in this journal are published

Sign in to set up alerts

Full text access

Editorial Board

Article ������

View PDF

Research article Abstract only

Menu Search in this journal

Colloids and Surfaces A: Physicochemical and
Engineering Aspects
Supports open access

�.�

CiteScore

�.�

Impact Factor

Submit your article Guide for authors

https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects/vol/635/suppl/C
https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects/vol/637/suppl/C
https://www.sciencedirect.com/user/login?returnURL=%2Fjournal%2Fcolloids-and-surfaces-a-physicochemical-and-engineering-aspects%2Fvol%2F636%2Fsuppl%2FC%3FfollowJournal%3Dtrue
https://www.sciencedirect.com/science/article/pii/S0927775722000462
https://www.sciencedirect.com/science/article/pii/S0927775722000462/pdfft?md5=a18fa341b4d7d170e2dd0578822b2854&pid=1-s2.0-S0927775722000462-main.pdf
https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects
https://www.editorialmanager.com/COLSUA/default.aspx
https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects/publish/guide-for-authors
https://www.sciencedirect.com/


Previous vol/issue Next vol/issue

ISSN: ����-����

Copyright © ���� Elsevier B.V. All rights are reserved, including those for text and data mining, AI

training, and similar technologies.

All content on this site: Copyright © ���� Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI

training, and similar technologies. For all open access content, the relevant licensing terms apply.

https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects/vol/635/suppl/C
https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects/vol/637/suppl/C
https://www.elsevier.com/
https://www.relx.com/


Colloids and Surfaces A: Physicochemical and Engineering Aspects 636 (2022) 128159

Available online 22 December 2021
0927-7757/© 2021 Elsevier B.V. All rights reserved.

Interaction of an imidazolium based ionic liquid with antidepressant drugs: 
A physicochemical study 
Lavkesh Kumar Singh Tanwar , Srishti Sharma , Kallol K. Ghosh * 

School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur-492010 (C.G.), India   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

" Colloidal behaviour of [Dmim][BF4] 
was studied in presence of Antidepres-
sant drugs. 

" CMC value of [Dmim][BF4] decreases in 
presence of Antidepressant drugs. 

" Size of aggregates of [Dmim][BF4] in-
creases in presence of Antidepressant 
drugs. 

" [Dmim][BF4] may be act as better drug 
carrier as compared to cationic 
surfactant.  

A R T I C L E  I N F O   

Keywords: 
Imidazolium based ionic liquid 
Cationic surfactants 
Micellization 
Antidepressant drugs 
Fluorescence spectroscopy 

A B S T R A C T   

The effect of two antidepressant drugs i.e., CPZ and PMZ on the colloidal behaviour of 1-decyl-3-methyl-imida-
zolium tetra昀氀uoroborate [Dmim][BF4] ionic liquid has been studied and compared with the structurally similar 
cationic surfactant tetradecyltrimethylammonium bromide (TTAB). The micellization and interfacial parameters 
of [Dmim][BF4] and TTAB, in the presence of antidepressant drugs have been determined using conductivity and 
surface tension measurements. The aggregation number (Nagg) and Stern-Volmer constant (Ksv) have also been 
determined by 昀氀uorescence measurements. Various micellar and interfacial parameters of drug-surfactant system 
(CPZ/PMZ+[Dmim][BF4]/ CPZ/PMZ+TTAB) indicates favourable interaction between them. The dynamic light 
scattering measurements have also been employed for the size of aggregates. This study concluded that imida-
zolium based ionic liquid could probably act as better drug carriers than conventional cationic surfactants.   

1. Introduction 

Imidazolium based ionic liquids (ILs) are the most studied ILs by 
researchers in last few years due to their distinctive properties, like 
strong solvation abilities, electrochemical stability, low- 
bioaccumulation, air and moisture stability [1–3]. The various physi-
cochemical properties of imidazolium ILs depend upon the anionic/ca-
tionic species and alkyl chain length [4–6]. They 昀椀nd extensive 

applications in electro-chemistry, bio-catalysis, organic synthesis, and 
colloidal science [7–9]. These imidazolium ILs with the 1,3-dialkylimi-
dazolium cation shows a surface-active behaviour similar to surfac-
tants [10,11]. The chemical composition of imidazolium based ILs was 
found similar to conventional cationic surfactants [12,13]. Hence, it can 
be assumed that imidazolium based ILs having a similar surface activity 
property to conventional cationic surfactants, can be used as an alter-
native of conventional cationic surfactants. 

* Corresponding author. 
E-mail address: kallolkghosh@gmail.com (K.K. Ghosh).  
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Mixed Oxime-Functionalized IL/16-s-16 Gemini Surfactants
System: Physicochemical Study and Structural Transitions in
the Presence of Promethazine as a Potential Chiral Pollutant

Subhashree Jayesh Pandya 1, Illia V. Kapitanov 2,† , Manoj Kumar Banjare 1,3 , Kamalakanta Behera 4 ,

Victor Borovkov 2,* , Kallol K. Ghosh 1,* and Yevgen Karpichev 2,*

1 School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur 492010, India;

subhashree210490@gmail.com (S.J.P.); manojbanjare7@gmail.com (M.K.B.)
2 Department of Chemistry and Biotechnology, Tallinn University of Technology (TalTech),

12618 Tallinn, Estonia; illia.kapitanov@taltech.ee
3 MATS School of Sciences, MATS University, Pagariya Complex, Pandri, Raipur 492001, India
4 Department of Applied Chemistry (ASAS), Amity University, Gurgaon 122413, India; kamala.iitd@gmail.com

* Correspondence: victor.borovkov@taltech.ee (V.B.); kallolkghosh@gmail.com (K.K.G.);

yevgen.karpichev@taltech.ee (Y.K.); Tel.: +91-771-2263146 (K.K.G.); +372-620-4381 (Y.K.)

† Current Address: Gemini Pharm Chem Mannheim GmbH, 68305 Mannheim, Germany.

Abstract: The increasing concern about chiral pharmaceutical pollutants is connected to environmen-

tal contamination causing both chronic and acute harmful effects on living organisms. The design

and application of sustainable surfactants in the remediation of polluted sites require knowledge of

partitioning between surfactants and potential pollutants. The interfacial and thermodynamic proper-

ties of two gemini surfactants, namely, alkanediyi-α,ω-bis(dimethylhexadecyl ammonium bromide)

(16-s-16, where s = 10, 12), were studied in the presence of the inherently biodegradable oxime-

functionalized ionic liquid (IL) 4-((hydroxyimino)methyl)-1-(2-(octylamino)-2-oxoethyl)pyridin-1-

ium bromide (4-PyC8) in an aqueous solution using surface tension, conductivity, fluorescence, FTIR

and 1H NMR spectroscopic techniques. The conductivity, surface tension and fluorescence measure-

ments indicated that the presence of the IL 4-PyC8 resulted in decreasing CMC and facilitated the

aggregation process. The various thermodynamic parameters, interfacial properties, aggregation

number and Stern–Volmer constant were also evaluated. The IL 4-PyC8-gemini interactions were

studied using DLS, FTIR and NMR spectroscopic techniques. The hydrodynamic diameter of the

gemini aggregates in the presence of promethazine (PMZ) as a potential chiral pollutant and the IL

4-PyC8 underwent a transition when the drug was added, from large aggregates (270 nm) to small

micelles, which supported the gemini:IL 4-PyC8:promethazine interaction. The structural transitions

in the presence of promethazine may be used for designing systems that are responsive to changes in

size and shape of the aggregates as an analytical signal for selective detection and binding pollutants.

Keywords: mixed surfactant system; ionic liquid; gemini surfactants; chiral pollutants; promethazine;

dynamic light scattering

1. Introduction

The increasing concern about chiral pharmaceutical pollutants is connected to environ-
mental contamination causing both chronic and acute harmful effects on living organisms.
It is a problem of direct importance to detect chiral compounds [1], including chiral pol-
lutants of different natures [2]. Using surfactants for increasing analytical signals and,
consequently, reducing the detection concentration of the pollutants is one of the attractive
strategies in chemical analysis [3,4] since it may ensure selective binding of one of the
components, providing more reliable detection in the cases when the structurally similar
compounds are present in the mixture. For example, dimeric (gemini) surfactants were
reported to exhibit selectivity toward the binding of calixarenes modified with different
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Alkaline Phosphatase Immobilized CdTe/ZnS Quantum Dots for
Dual-Purpose Fluorescent and Electrochemical Detection of Methyl
Paraoxon

Lakshita Dewangan, Jyoti Korram, Indrapal Karbhal, Rekha Nagwanshi, Kallol K. Ghosh, Shamsh Pervez,
and Manmohan L. Satnami*

Cite This: Ind. Eng. Chem. Res. 2022, 61, 3636−3646 Read Online
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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based colorimetric strategies for the detection of
different substances and SARS-CoV-2: a
comprehensive review

Sushama Sahu, Srishti Sharma, Ramsingh Kurrey and Kallol K. Ghosh *

Nanoparticle (NP)-based colorimetric methods are extensively used for the rapid detection of

environmental contaminants, different substances and SARS-CoV-2 in various fields such as environmental

science, virology, pollution research, and the food industry, as well as biomedicine. Colorimetric sensors

exhibit high sensitivity and selectivity, are easy to handle, portable, safe for screening purposes and can be

visualized by the naked eye. Herein, the colorimetric sensing approaches of the two most commonly used

metallic NPs, i.e., gold (Au) and silver (Ag), and their physicochemical methods are discussed, as metallic

NPs show good efficiency due to their unique optical and chemical properties. This review summarizes the

progress on colorimetric sensors based on metallic NPs as sensors and their applications, elucidating the

utility and superior features of metallic-NP-based colorimetric assay for the detection of different

environmental contaminants, biomolecules and SARS-CoV-2 in the environmental as well as human

biological samples. An outlook with respect to the trends and future development of the proposed sensors

is also provided.

1. Introduction

The detection of environmental contaminants and severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

related to various fields, either from environmental or

biological samples, has been possible due to the unique and

superior properties of nanomaterials (NMs). Many research

studies have reported a wide range of applications for

nanostructures in developing detection systems for

environmental contaminant and SARS-CoV-2, with the

challenges faced.1–5 NMs exhibit high surface reactivity, high

surface area, strong adsorption capacity, and high catalytic

efficiency.1,2 A variety of NMs have been used to design

efficient sensors for the detection of target species, such as

metal and metal oxide nanoparticles (NPs), carbon-based

NMs (as polymeric NMs) and silicon. The size-dependent

properties, reactivity, large surface-to-volume ratio (S/N) and

their high degree of functionalization leads to nanosensors

with excellent sensitivity and selectivity.2,3 Aside from

different properties, functionalization is another significant

factor, using a variety of organic ligands via covalent bond

formation, that improves the responses of NPs toward the

detection of environmental toxicants and SARS-CoV-2.3

Among the various NPs, the advantageous properties of

gold (Au) and silver (Ag) NPs, such as unique optical,

Environ. Sci.: NanoThis journal is © The Royal Society of Chemistry 2022

School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur-492 010

Chhattisgarh, India. E-mail: kallolkghosh@gmail.com; Tel: +91 94252 16204

Environmental significance

This review summarizes the research on gold (Au) and silver (Ag) nanoparticle (NP)-based colorimetric assays for the detection of different substances and

SARS-CoV-2 in the environment as well as human biological samples. Herein, a series of fabrication methods for colorimetric sensors are discussed. In

contrast to conventional techniques, nanomaterial-based colorimetric sensors exhibit enhanced selectivity and comparatively higher sensitivity, and allow

onsite detection. Such nanosensors are cost-effective and show upgraded performance compared with other samples, and play a prominent role in a wide

range of analytical applications. Additionally, the synthesized metallic NPs show better stability, minimal toxicity and biocompatibility, hence attributing

them with superior properties compared to other sensors. Among different types of colorimetric-based assays employed for surface modification, NP-based

biosensors have received tremendous attention due to their quick response and high specificity. The future scope of this field is to develop more

approachable colorimetric probes with “non-aggregation” processing, driving this field toward a new trend of Au and Ag NPs-based probes. The fabrication

of hand-held devices, digital imaging software and point-of-care technologies is also of great interest to researchers. Thus, this method may deliver a bright

future for Au and Ag NPs-based colorimetric probes.
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Selective detection of tartaric acid using amino acid
interlinked silver nanoparticles as a colorimetric
probe†

Sushama Sahu and Kallol K. Ghosh*

A variety of biomolecules with different functional groups play critical roles in almost all the processes

occurring in living cells. Interaction of metallic nanoparticles (NPs) with various biomolecules generates

a layer of molecules on their surface, and this biomolecular rich layer formed on the NP surface is

described as a “biomolecular corona”. The physicochemical properties of the NPs, including size,

adsorption affinity, and charge on the particles' surfaces are the major factors influencing the

characteristics of this corona. The formation of various biomolecular corona has been studied well,

whereas the amino acid corona is relatively new by exploring their stability. In the present study, a novel

formation of an amino acid corona with a fundamental interaction mechanism for a selective detection

procedure using a colorimetric platform has been proposed. Herein, amino acid-coated silver NPs

(AgNPs) have been used as a template with spectroscopic (steady state UV-Vis, FTIR) and imaging (HR-

TEM, DLS) techniques. Our findings demonstrated that among different amino acid coronas, glutathione

(GSH) stabilized AgNPs show a rapid reaction with tartaric acid. The extent and thermodynamics of the

formed complex between the GSH/AgNPs and tartaric acid have also been studied and this suggested

that the complex formed is spontaneous and energy releasing in nature.

1. Introduction

In the last decade, researchers have reported that various parti-

cles directed into biological uids are inevitably and immediately

(>0.5 min) covered by different biomolecules, including proteins,

peptides, enzymes or amino acids, and these form a “corona” on

the surface of the particles. The protein corona was rst found by

Dawson and co-workers.1–3 Here, the proteins are shown to be

associated with the nanoparticles (NPs) and they participate in

the formation of a “biomolecular corona” found by Monopoli

et al.2–4 The formation of this type of corona results in a change of

the NP surfaces with an increase in their diameter.4–7 The
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Micellization properties of quinolinium based surfactants: 
1-alkylquinolinium bromide and 6-hydroxy-1-alkylquinolinium-bromide by 

fluorimetry, conductivity and surface tension measurements and its 
parameters 
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a b s t r a c t 

Quinolinium surfactants possessing pyridinium rings have a wide range of biological applications due to its antimi- 
crobial activity. In this study, we have used quinolinium based surfactant series i.e.1-alkylquinolinium bromide 
and 6-hydroxy-1-alkylquinolinium-bromide. The physicochemical behavior of quinolinium based surfactant have 
been carried out by various techniques viz. conductivity, surface tension and fluorescence measurements in aque- 
ous and 10% (v/v) methanol at 300K.The critical micelle concentration (CMC) values found from conductivity, 
surface tension and fluorescence are in good agreement of a surfactant in aqueous and 10% (v/v) methanol. The 
CMC value of 1-alkyquinolinium-bromide series is higher than its derivative series (6-hydroxy-1-alkyquinolinium- 
bromide). The values of Гmax increases with increases chain length of the both the quinolinium surfactants, as 
well as A min values increases with increasing chain length of surfactants. 

1. . Introduction 

Self-organized assemblies have enormous prospective applications 
owing to their amphiphilic character [1–7] . The physicochemical prop- 
erties of surfactant are of paramount importance for its applications [8–
11] . Cationic surfactants are of great interest both for scientific commu- 
nity and chemical fields, because of their interesting properties, which 
can be potentially applied in chemical industries. Its advent has greatly 
broadened the perspective of interfacial sciences [12–14] . Apart from its 
biological significance being a cationic species, quinolinium compounds 
have characteristic properties [15–18] . This created its own importance 
as corrosion inhibitors and in emulsion polymerization, textile engineer- 
ing etc [19–20] . Attributing to the excellent antimicrobial properties 
these surfactants are generally used as bactericide in various systems 
[21] . Quinolinium surfactants have the ability to ÿ-stack among them- 
selves that finds interest in supramolecular chemistry and in biology 
[22–25] . Quinolinium compounds acts as an important probe for the 
sensing of halides as well as have medicinal importance [26–28] . The 
electronic states and luminescence properties of quinolinium surfactants 
and their derivatives have been investigated [29–30] . 

∗ Corresponding author. 
E-mail address: birendrajangde@gmail.com (B. Kumar) . 

The characteristic properties of cationic quinolinium surfactants 
with aqua-solvent media make it a very interesting topic of research. 
Micellization behavior of n-quinolinium surfactants have been not well 
studied in aqua-solvent media. Herein, we have used methanol and wa- 
ter for determination of micellization behavior of n-quinolinium surfac- 
tants by different methods. Methanol plays a significant role in numer- 
ous chemical processing applications, fundamentally interesting both 
from a practical and theoretical perspective [31] . Methanol –water sys- 
tem possesses remarkable interactions, which may affect self-assembly 
of surfactant [32] . Methanol is added in water, it breaks water structure 
then decrease in dielectric constant and increase in viscosity [33] . The 
physical properties of methanol such as density, viscosity coefficient and 
dielectric constant have investigated [34] . 

A number of researchers have been focused to synthesis of quinolin- 
ium based surfactants [35] . Marek et al. [36] prepared the quaternary 
quinolinium surface active agents possessing different alkyl chain length 
i.e. series of C 8 to C 20 . Research group successfully developed an HPLC 
method for the successful distinction of all prepared long chain quino- 
linium derivatives and members of series. 

Lava et al. [37] synthesized ionic liquid crystals based on quino- 
linium and isoquinolinium salts by quarternization of quinoline and 
isoquinoline. Investigations have been done on introducing the alkyl 

https://doi.org/10.1016/j.ctta.2022.100089 
Received 18 June 2022; Received in revised form 17 September 2022; Accepted 4 October 2022 
2667-3126/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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a b s t r a c t

This review describes the synthesis of noble metal nanoparticles, nanocarbons, conducting polymers,

and nanocomposites. The integration of these nanomaterials on the flexible matrix (e.g. paper, cloth and

carbon paper, polyethylene terephthalate) and non-flexible substrate (glass and glassy carbon electrodes)

using direct-writing, inkjet printing, screen-printing, and three-dimensional printing techniques are

discussed. The fluidic properties of nano-ink printing on different substrates for efficient

electrode preparation in electrochemical sensing applications are also discussed. Finally, the printed

electrodes are summarized to analyze environmental, biological, food, and pharmaceutical contaminants

such as drugs, toxicants, metal ions, pesticides, and biomolecules. The advancement of electrochemical

devices is encompassed in developing electrochemical sensors that will continue to innovate user-

friendly sensors for all purposes in the future.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

Hazardous chemical contamination in food materials and the

environment has been a serious global health concern for the past

two decades. Many potentially hazardous materials reside in the

ecosystem that contaminates the air, water, soil, and foods

consumed by living organisms [1e3]. These hazardous substances

could be inorganic or organic materials that originated from

different pathways, as summarized in Fig. 1. Thus, it is highly urged

to analyze these chemical substances to reduce their toxicity from

the different components of the environment. These chemical

substances can be analyzed using different techniques such as ul-

traviolet-visible (UVeVis) spectrophotometry [4], atomic absorp-

tion spectroscopy [2], fluorescence spectroscopy [5], Fourier

transform infrared spectroscopy [6], inductively coupled plasma

(ICP)-atomic emission spectrometry [7], high performance liquid

chromatography (HPLC) [8], gas chromatography (GC) [9], liquid

chromatography-mass spectrometry (MS) [10], HPLC-MS [11], GC-

MS [12], ICP-MS [13], capillary electrophoresis [14], and X-ray

fluorescence spectrometry [15]. Sometimes, these techniques are

cumbersome to operate and need much time for sample prepara-

tion before instrumental analysis. Hence, a simple and rapid tech-

nique is required to analyze chemical substances from the sample

source.

In contrast, the electrochemical device offers the advantages of

providing a wide linear response with better sensitivity, repro-

ducibility, and stability. Consequently, the application of electro-

chemical sensor devices has been exploited to determine an

extensive range of chemical substances [16]. Nevertheless, de-

tections of chemical substances at the microlevel or nanolevel are

sometimes complicated because the presence of allied substances

interferes with signal potential closer to the targeted analytes [17].

To resolve these electrode limitations, an effective material has

been chosen to modify the working electrode having better

conductive and sensitive properties. Such a modified electrode of-

fers high sensitivity toward the analyte even in other interferences

[15,16]. A variety of nanostructuredmaterials, such as nanoparticles

(NPs), nanocomposites, nanocarbons, conductive polymers, and so

on, are available for refining and sensitizing the electrode surface.

Among these, metallic NPs have emerged as a great interest in

different fields, including biomedical, catalysis, optoelectronics,
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A B S T R A C T   

Heavy metals are a group of metals and metalloids that have relatively high density and are toxic even at ppb 
levels. The excess intake of heavy metals in human bodies though the environment may cause various humans 
health problems. Analytical approaches of some selected toxic heavy metals in the environment and their socio- 
environmental impacts are discussed in this review. In this present investigation, we have also discussed the 
design and development of nanomaterials for the detection of metal ions along with kinetic approaches. The 
isolation or pre-concentration and determination of heavy metals from complex matrices become challenging for 
analytical chemists and researchers. The fundamentals on sample preparation and analysis of some selected 
heavy metals employing different analytical tools for qualitative and quantitative determination of these pol-
lutants in real samples are also discussed. In addition, this compiled work enhanced our knowledge in learning 
about pathway mechanisms and the degree of their risk assessment.   

1. Introduction 

The heavy metals are considered to be one of the main sources of the 
pollutants in the environment, since they have signi昀椀cant toxic effect on 
its ecological and measurable quantities [1]. The metals having high 
densities, atomic weights, or atomic numbers are called heavy metals, 
and they are naturally present in environmental and biological samples 
in different composition of origins [2]. Any metallic chemical element 
with a relatively high density that is dangerous or poisonous at low 
concentrations is classi昀椀ed as heavy metal. Some heavy metals such as 
mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium 
(Tl), iron (Fe), copper (Cu), cobalt (Co), vanadium (V), zinc (Zn), 
manganese (Mn), nickel (Ni), and lead (Pb) are very essential as nutri-
ents for biochemicals and physiologicals functioning [3–5]. Main sour-
ces for heavy metals as environmental pollutants are industrial and 
agriculture waste, mining, tailing, occupational exposure and paints etc 
[6]. On the other hand some heavy metals are highly toxic due to their 
extensive use and widespread distribution in the environment [7,8]. The 
permissible limits of heavy metals have been reported by World Health 
Organization (WHO) and Environmental Protection Agency (EPA) etc to 

set discharge levels of environmental pollutants into the atmosphere [9]. 
The permissible limits has been set by different organizations/agencies 
in the ranged of 10–250 mg/L. If the heavy metal cross their permissible 
limits may causes various human health problems such lungs, kidney 
and liver damage, heart attack and disturbing nervous system [10]. A 
Permissible limit set of different regulatory agencies for heavy metals 
are shown in Table 1. 

Majorities of the authors have been reported that the heavy metals 
are easily absorbed onto biological samples due to the various chemical 
and physical phenomenons’ [11]. In addition, industrial and agriculture 
waste, mining, tailing, occupational exposure and paints waste con-
taining large amount of heavy metal are release into the environment. 
Heavy metals are ubiquitous distributed non-biodegradable chemical 
substances that lead to a greater risk to human health by its accumula-
tion in the human body through different ways such as air, beverages, 
vehicle emissions, batteries, food chain, and industrial activities in 
which water plays a key role [12–15]. The excess intake of heavy metals 
though the others human activities may cause various human health 
problems such as cardiovascular diseases, cancer mortality, neurological 
disorders [16]. These are increase the environmental concentration of 
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h i g h l i g h t s

� AuNPs /DRS-FTIR method for

detection of L-cysteine was

established.

� Method is based on electrostatics

interaction of L-cysteine and NPs.

� Peak at 3415.90 cm�1 was used for

optimization and quantitative

analysis.

� Advantages of present method are

simple, sensitive and cost effective.

g r a p h i c a l a b s t r a c t

a r t i c l e i n f o

Article history:

Received 25 February 2021

Received in revised form 12 October 2021

Accepted 17 October 2021

Available online 21 October 2021

Keywords:

L-cysteine

Gold nanoparticles

Diffuse reflectance-Fourier transform

infrared spectroscopy

Milk and water samples

a b s t r a c t

This paper describes the sensing application of citrate functionalized gold nanoparticles (AuNPs) employ-

ing for the determination of L-cysteine in food and water samples. It is established with diffuse

reflectance Fourier transform infrared (DRS-FTIR) spectroscopic analysis. The disappearance of the thiol

(-SH) band in the FTIR spectra and the shift in the peaks of the amino group (NH3
+) and carboxylate group

(–COO-) indicated the Au-S interaction and the aggregation of the NPs. The signal intensity of L-cysteine

was enhanced due to hot-spots formed by the aggregation of AuNPs producing the effective absorption of

electromagnetic radiation in the IR region for molecular vibration. The relationship between AuNPs and

L-cysteine was theoretically investigated by the Density Function Theory (DFT) based on LANL2DZ with

the aid of the Gaussian 09 (C.01) software. Interaction between AuNPs and L-cysteine molecules resulted

to a shift to higher wavelengths in the plasmon bands, further verified by transmission electron micro-

scopes (TEM), which have indicated random aggregated particles. Further dynamic light scattering

(DLS) measurements showed a relatively high degree of polydispersity confirming the aggregation of

the particles. Under optimized conditions, the calibration curve showed a good linearity range from 20

to 150 lg mL�1 with a correlation coefficient (R2) 0.990. The limit of detection and quantification were

1.04 and 3.44 lg mL�1, respectively by DRS-FTIR. This modified AuNPs sample was used successfully

in milk and water samples with adequate results to determine L-cysteine.

� 2021 Elsevier B.V. All rights reserved.
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Resin immobilized gold nanocomposites assisted surface enhanced

infrared absorption (SEIRA) spectroscopy for improved surface

assimilation of methylene blue from aqueous solution
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h i g h l i g h t s

� A facile and eco-friendly method is

reported for synthesis of R-AuNCs

adsorbents.

� The adsorption isotherm models were

performed in SEIRA spectroscopy.

� Mechanism is based on electrostatic

attraction with CDs and anionic R-

AuNCs.

� Characterization and application of R-

AuNCs for removal of MB dye from

water.

� The method is simplicity, sensitivity

and excellent adsorption efficiency.
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a b s t r a c t

In the present work, we report the adsorption of the methylene blue (MB) dye from an aqueous solution

employing resin immobilized gold nanocomposites (R-AuNCs) assisted surface-enhanced infrared

absorption (SEIRA) spectroscopy. The appropriate adsorption isotherm models, including the Langmuir,

Freundlich, and Temkin are tested to reveal the interactive behavior between the adsorbent (R-AuNCs)

and adsorbed (MB). Interestingly, Fourier transform infrared spectroscopy (FTIR) in combination with

R-AuNC materials could be another approach through which the analysis of adsorption-desorption of

MB on the surface of nanocomposite adsorbents is possible in a more precise way with high sensitivity

and adsorptivity. In addition, a 10-fold enhancement of the signal intensity of MB dye was obtained due

to the electrostatic interaction and H-bonding interaction between COO� groups of adsorbent and the

positively charged active sites of the dye molecules. The value of % removal efficiency and % adsorption

obtained in the present method was 77.64% and 186.61%, respectively. Desorption of MB from adsorbent

surface was also carried out using 0.1 M cetylpyridinium chloride as cationic surfactant; resulting process

shows for ‘n’ number of cyclic process. The maximum desorption capacity for MB found in the present

investigation was 44.38 mg/g, The advantages of current method are its simplicity, sensitivity, rapidity,

ease to fabrication and excellent adsorption efficiencies to remove MB dye from aqueous solution.

� 2021 Elsevier B.V. All rights reserved.

1. Introduction

Methylene blue (MB) dye is an organic chloride salt having 3,7-

bis (dimethylamino) phenothiazin-5-ium as the counterion. It also

exhibits antioxidant, antimalarial, antidepressant and

https://doi.org/10.1016/j.saa.2021.120144

1386-1425/� 2021 Elsevier B.V. All rights reserved.

⇑ Corresponding authors.

E-mail addresses: ramsinghkurrey@gmail.com (R. Kurrey), debmanas@yahoo.

com (M.K. Deb).

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 262 (2021) 120144

Contents lists available at ScienceDirect

Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy

journal homepage: www.elsevier .com/locate /saa

Hp
Typewritten text
817

ali06fiza@gmail.com
Highlight



Volume ��, Issue �
August ����

Download full issue

Previous vol/issue Next vol/issue

Receive an update when the latest issues in this journal are published

Sign in to set up alerts

Full text access

Editorial Board

Article ������

View PDF

Research Paper

Research article Open access

Menu Search in this journal

Atmospheric Pollution Research
Supports open access

�.�

CiteScore

�.�

Impact Factor

Submit your article Guide for authors

https://www.sciencedirect.com/journal/atmospheric-pollution-research/vol/12/issue/7
https://www.sciencedirect.com/journal/atmospheric-pollution-research/vol/12/issue/9
https://www.sciencedirect.com/user/login?returnURL=%2Fjournal%2Fatmospheric-pollution-research%2Fvol%2F12%2Fissue%2F8%3FfollowJournal%3Dtrue
https://www.sciencedirect.com/science/article/pii/S1309104221002245
https://www.sciencedirect.com/science/article/pii/S1309104221002245/pdfft?md5=648aebf7c552a5608198fb420ed494e8&pid=1-s2.0-S1309104221002245-main.pdf
https://www.sciencedirect.com/journal/atmospheric-pollution-research
https://www.editorialmanager.com/apr/default.aspx
https://www.sciencedirect.com/journal/atmospheric-pollution-research/publish/guide-for-authors
https://www.sciencedirect.com/


Article ������

Article preview

Research article Abstract only

Assessing the magnitude of PM  polycyclic aromatic hydrocarbon emissions from

residential solid fuel combustion and associated health hazards in South Asia

Madhuri Verma, Shamsh Pervez, Judith C. Chow, Dipanjali Majumdar, ... Rajan K. Chakrabarty

Article ������

Article preview

Research article Abstract only

Air pollution concentration forecasting based on wavelet transform and combined weighting

forecasting model

Bingchun Liu, Xiaogang Yu, Jiali Chen, Qingshan Wang

Article ������

Article preview

Short Communication

Short communication Open access

Personal inhalation exposure to manganese and other trace metals in an environmentally

exposed population: Bioaccessibility in size-segregated particulate matter samples

A. Expósito, B. Markiv, L. Ruiz-Azcona, M. Santibáñez, I. Fernández-Olmo

Article ������

View PDF Article preview

Previous vol/issue Next vol/issue

ISSN: ����-����

Copyright © ���� Turkish National Committee for Air Pollution Research and Control. Published by

Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar

technologies.

2.5

https://www.sciencedirect.com/science/article/pii/S1309104221002087
https://www.sciencedirect.com/science/article/pii/S1309104221002087
https://www.sciencedirect.com/science/article/pii/S1309104221002087
https://www.sciencedirect.com/science/article/pii/S1309104221002105
https://www.sciencedirect.com/science/article/pii/S1309104221002105
https://www.sciencedirect.com/science/article/pii/S1309104221001896
https://www.sciencedirect.com/science/article/pii/S1309104221001896
https://www.sciencedirect.com/science/article/pii/S1309104221001896/pdfft?md5=1a140668ed78dd20c2f50024061535ae&pid=1-s2.0-S1309104221001896-main.pdf
https://www.sciencedirect.com/journal/atmospheric-pollution-research/vol/12/issue/7
https://www.sciencedirect.com/journal/atmospheric-pollution-research/vol/12/issue/9


Atmospheric Pollution Research 12 (2021) 101142

Available online 15 July 2021
1309-1042/© 2021 Turkish National Committee for Air Pollution Research and Control. Production and hosting by Elsevier B.V. All rights reserved.

Assessing the magnitude of PM2.5 polycyclic aromatic hydrocarbon 
emissions from residential solid fuel combustion and associated health 
hazards in South Asia 
Madhuri Verma a,**, Shamsh Pervez a,*, Judith C. Chow b,c,***, Dipanjali Majumdar d, 
John G. Watson b,c, Yasmeen Fatima Pervez e, Manas Kanti Deb a, Kamlesh Shrivas a, 
Vikas Kumar Jain f, Noor A. Khan g, Papiya Mandal g, Rajan K. Chakrabarty h,**** 

a School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur, 492 010, Chhattisgarh, India 
b Division of Atmospheric Sciences, Desert Research Institute, Reno, NV, 89512, USA 
c Institute of Earth and Environment, Chinese Academy of Science, Xian, China 
d CSIR-National Environmental Engineering Research Institute, Kolkata Zonal Centre, Kolkata, 700107, West Bengal, India 
e Department of Chemistry, Government Eklavya College, Dondi-Lohara, Balod, CG, India 
f Department of Chemistry, Government Engineering College, Raipur, CG, 492 015, India 
g NEERI, Delhi Zonal Centre, A-93/94, Phase 1, Naraina Industrial Area, New Delhi, 110028, India 
h Department of Energy, Environmental and Chemical Engineering, Washington University in St. Louis, St. Louis, MO, 63130, USA   

A R T I C L E  I N F O   

Keywords: 
Emission factors 
Particulate PAHs (p-PAHs) 
Carcinogenic toxicity 
Biofuels 
Coal balls 
Household heating activities 
Solid fuel 

A B S T R A C T   

In South Asia, combustion of solid fuel for residential heating and cooking is a major emission source of 
particulate-phase polycyclic aromatic hydrocarbons (p-PAHs), a potent carcinogen for human health. The 
emission factors (EFs) and source diagnostic ratios of PAHs currently used in regional inventory models have 
been estimated from controlled laboratory tests, which do not accurately re昀氀ect real-world combustion scenarios 
observed in rural Indian households. Consequently, the health effects associated with p-PAH levels in indoor and 
ambient air could be severely underestimated and undervalued. We performed a nationwide study across ten 
different states in the Indian subcontinent to evaluate the EFs and source diagnostic ratios of sixteen U.S. 
Environmental Protection Agency (EPA) identi昀椀ed high priority p-PAHs emitted from residential solid biomass 
combustion. Our estimated average annual EFs were 2.4–18.3 fold higher than those reported from previous 
laboratory-based investigations. Carcinogenic toxicity analysis shows that combustion of dung cake and coal ball, 
both widely used residential solid fuels, posed the most risk (80% and 59% respectively) in comparison to other 
PAHs owing to predominant emission of benzo[a]pyrene. Our 昀椀ndings underscore the importance of improved 
laboratory testing and 昀椀eld validations as crucial steps toward more accurate emission inventories and better 
assessment of public health impacts.   

1. Introduction 

A large portion of the population in developing countries depends on 
unprocessed solid fuels (coal balls, fuel wood, dung cake, and crop 
residues), with unvented stoves, for household cooking and heating. 
Emissions of 昀椀ne particulate matter (<PM2.5), trace gases, and 

polycyclic aromatic hydrocarbons (PAHs) contribute to local and region 
pollution and adverse health effects (Bond et al., 2004; ; Zhang and Tao, 
2009). 

PAHs are a class of organic compounds that originate from both 
petrogenic (e.g. vehicle exhausts, incinerators and power generation 
plants) and pyrogenic (incomplete combustion of fossil fuel and 
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A B S T R A C T   

Concentrations of trace elements (Al, B, As, Be, Cd, Ba, Co, Cu, Fe, Cr, Sb, Ni, Li, Sn, Mn, Zn, V and Se) were 
determined in 160 groundwater samples, collected during pre-monsoon (PRM) and post-monsoon (POM) period 
(2017) in the tribal belt of Bastar, central India, using inductive coupled plasma mass spectrometry (ICP-MS). 
The concentrations of Al, As, Fe, Mn and Ni were found exceeding the permissible limits in 49% of samples. Cd, 
Sn and Se elements have shown two-fold increment in POM samples than those collected during PRM. On the 
contrary, Al, Ba, Co, Cr and Fe have shown a declining trend from PRM to POM period. On applying Principal 
component analysis (PCA) and Positive matrix factorization (PMF) approaches to the dataset, observed three 
primary sources (natural, geogenic and agricultural) for groundwater elemental components. Among the 
measured potentially toxic elements (PTEs), As has shown higher carcinogenic and non-carcinogenic risk in 
children as well as adults This study recommends the regular monitoring of heavy metal contamination of 
groundwater as various geogenic and anthropogenic activities may elevate the risk of severe health hazards.   

1. Introduction 

Worldwide, 71% of the population access clean drinking water while 
844 million people across the world still lack clean drinking water. This 
issue is more severe in rural areas where only one out of three people use 
safe drinkable water (WHO, 2019). In India, most rural and suburban 
regions rely on groundwater to meet water demand for drinking and 
domestic purposes (Clark et al., 1996; Ahada and Suthar 2018). 

Among all contaminants, inorganic trace elements are of much 
concern as they are xenobiotic compounds and can accumulate in the 
water resources for a long period (Ravindra and Mor 2019). Ground-
water has the potential to accumulate trace elements that reach the 
water table and pollute it through various natural and anthropogenic 
sources such as precipitation, rock-water interaction, percolation of 
soil-water, industrial wastewater, agricultural, domestic wastes, etc. 

(Boateng et al., 2016; Bouderbala and Gharbi 2017; Hossain and Patra 
2020). 

However, depletion in water quality is related to public health con-
cerns, so it is essential to estimate the exposure risk to understand 
groundwater sources’ toxicity level imposing health hazards. Trace 
metals in groundwater may be exposed to human beings through two 
key pathways, direct ingestion and dermal absorption (Duggal and Rani 
2018; Brindha et al., 2020; Hu et al., 2020). Some trace metal(loid)s 
such as arsenic (As), lead (Pb), nickel (Ni), chromium (Cr), copper (Cu), 
zinc (Zn), cadmium (Cd), and cobalt (Co) are potentially toxic if found 
above their threshold value in drinking water (Islam et al., 2019; Hos-
sain and Patra 2020). Lead can cause neurological diseases as it can 
trigger the central nervous system mostly in children which results in 
fatigue, anaemia, and a decrease in intelligence quotient (IQ) level 
(Emenike et al., 2019). Cadmium excess affects renal function and can 
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component analysis (PCA) and Positive matrix factorization (PMF) approaches to the dataset, observed three 
primary sources (natural, geogenic and agricultural) for groundwater elemental components. Among the 
measured potentially toxic elements (PTEs), As has shown higher carcinogenic and non-carcinogenic risk in 
children as well as adults This study recommends the regular monitoring of heavy metal contamination of 
groundwater as various geogenic and anthropogenic activities may elevate the risk of severe health hazards.   
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844 million people across the world still lack clean drinking water. This 
issue is more severe in rural areas where only one out of three people use 
safe drinkable water (WHO, 2019). In India, most rural and suburban 
regions rely on groundwater to meet water demand for drinking and 
domestic purposes (Clark et al., 1996; Ahada and Suthar 2018). 

Among all contaminants, inorganic trace elements are of much 
concern as they are xenobiotic compounds and can accumulate in the 
water resources for a long period (Ravindra and Mor 2019). Ground-
water has the potential to accumulate trace elements that reach the 
water table and pollute it through various natural and anthropogenic 
sources such as precipitation, rock-water interaction, percolation of 
soil-water, industrial wastewater, agricultural, domestic wastes, etc. 

(Boateng et al., 2016; Bouderbala and Gharbi 2017; Hossain and Patra 
2020). 

However, depletion in water quality is related to public health con-
cerns, so it is essential to estimate the exposure risk to understand 
groundwater sources’ toxicity level imposing health hazards. Trace 
metals in groundwater may be exposed to human beings through two 
key pathways, direct ingestion and dermal absorption (Duggal and Rani 
2018; Brindha et al., 2020; Hu et al., 2020). Some trace metal(loid)s 
such as arsenic (As), lead (Pb), nickel (Ni), chromium (Cr), copper (Cu), 
zinc (Zn), cadmium (Cd), and cobalt (Co) are potentially toxic if found 
above their threshold value in drinking water (Islam et al., 2019; Hos-
sain and Patra 2020). Lead can cause neurological diseases as it can 
trigger the central nervous system mostly in children which results in 
fatigue, anaemia, and a decrease in intelligence quotient (IQ) level 
(Emenike et al., 2019). Cadmium excess affects renal function and can 
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determined in 160 groundwater samples, collected during pre-monsoon (PRM) and post-monsoon (POM) period 
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The concentrations of Al, As, Fe, Mn and Ni were found exceeding the permissible limits in 49% of samples. Cd, 
Sn and Se elements have shown two-fold increment in POM samples than those collected during PRM. On the 
contrary, Al, Ba, Co, Cr and Fe have shown a declining trend from PRM to POM period. On applying Principal 
component analysis (PCA) and Positive matrix factorization (PMF) approaches to the dataset, observed three 
primary sources (natural, geogenic and agricultural) for groundwater elemental components. Among the 
measured potentially toxic elements (PTEs), As has shown higher carcinogenic and non-carcinogenic risk in 
children as well as adults This study recommends the regular monitoring of heavy metal contamination of 
groundwater as various geogenic and anthropogenic activities may elevate the risk of severe health hazards.   
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844 million people across the world still lack clean drinking water. This 
issue is more severe in rural areas where only one out of three people use 
safe drinkable water (WHO, 2019). In India, most rural and suburban 
regions rely on groundwater to meet water demand for drinking and 
domestic purposes (Clark et al., 1996; Ahada and Suthar 2018). 

Among all contaminants, inorganic trace elements are of much 
concern as they are xenobiotic compounds and can accumulate in the 
water resources for a long period (Ravindra and Mor 2019). Ground-
water has the potential to accumulate trace elements that reach the 
water table and pollute it through various natural and anthropogenic 
sources such as precipitation, rock-water interaction, percolation of 
soil-water, industrial wastewater, agricultural, domestic wastes, etc. 

(Boateng et al., 2016; Bouderbala and Gharbi 2017; Hossain and Patra 
2020). 

However, depletion in water quality is related to public health con-
cerns, so it is essential to estimate the exposure risk to understand 
groundwater sources’ toxicity level imposing health hazards. Trace 
metals in groundwater may be exposed to human beings through two 
key pathways, direct ingestion and dermal absorption (Duggal and Rani 
2018; Brindha et al., 2020; Hu et al., 2020). Some trace metal(loid)s 
such as arsenic (As), lead (Pb), nickel (Ni), chromium (Cr), copper (Cu), 
zinc (Zn), cadmium (Cd), and cobalt (Co) are potentially toxic if found 
above their threshold value in drinking water (Islam et al., 2019; Hos-
sain and Patra 2020). Lead can cause neurological diseases as it can 
trigger the central nervous system mostly in children which results in 
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A B S T R A C T   

Concentrations of trace elements (Al, B, As, Be, Cd, Ba, Co, Cu, Fe, Cr, Sb, Ni, Li, Sn, Mn, Zn, V and Se) were 
determined in 160 groundwater samples, collected during pre-monsoon (PRM) and post-monsoon (POM) period 
(2017) in the tribal belt of Bastar, central India, using inductive coupled plasma mass spectrometry (ICP-MS). 
The concentrations of Al, As, Fe, Mn and Ni were found exceeding the permissible limits in 49% of samples. Cd, 
Sn and Se elements have shown two-fold increment in POM samples than those collected during PRM. On the 
contrary, Al, Ba, Co, Cr and Fe have shown a declining trend from PRM to POM period. On applying Principal 
component analysis (PCA) and Positive matrix factorization (PMF) approaches to the dataset, observed three 
primary sources (natural, geogenic and agricultural) for groundwater elemental components. Among the 
measured potentially toxic elements (PTEs), As has shown higher carcinogenic and non-carcinogenic risk in 
children as well as adults This study recommends the regular monitoring of heavy metal contamination of 
groundwater as various geogenic and anthropogenic activities may elevate the risk of severe health hazards.   

1. Introduction 

Worldwide, 71% of the population access clean drinking water while 
844 million people across the world still lack clean drinking water. This 
issue is more severe in rural areas where only one out of three people use 
safe drinkable water (WHO, 2019). In India, most rural and suburban 
regions rely on groundwater to meet water demand for drinking and 
domestic purposes (Clark et al., 1996; Ahada and Suthar 2018). 

Among all contaminants, inorganic trace elements are of much 
concern as they are xenobiotic compounds and can accumulate in the 
water resources for a long period (Ravindra and Mor 2019). Ground-
water has the potential to accumulate trace elements that reach the 
water table and pollute it through various natural and anthropogenic 
sources such as precipitation, rock-water interaction, percolation of 
soil-water, industrial wastewater, agricultural, domestic wastes, etc. 

(Boateng et al., 2016; Bouderbala and Gharbi 2017; Hossain and Patra 
2020). 

However, depletion in water quality is related to public health con-
cerns, so it is essential to estimate the exposure risk to understand 
groundwater sources’ toxicity level imposing health hazards. Trace 
metals in groundwater may be exposed to human beings through two 
key pathways, direct ingestion and dermal absorption (Duggal and Rani 
2018; Brindha et al., 2020; Hu et al., 2020). Some trace metal(loid)s 
such as arsenic (As), lead (Pb), nickel (Ni), chromium (Cr), copper (Cu), 
zinc (Zn), cadmium (Cd), and cobalt (Co) are potentially toxic if found 
above their threshold value in drinking water (Islam et al., 2019; Hos-
sain and Patra 2020). Lead can cause neurological diseases as it can 
trigger the central nervous system mostly in children which results in 
fatigue, anaemia, and a decrease in intelligence quotient (IQ) level 
(Emenike et al., 2019). Cadmium excess affects renal function and can 
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A B S T R A C T   

We report an inkjet-printed paper based colorimetric sensor with silver nanoparticles (AgNPs) using smartphone 
and color detector App for on-site determination of mercuric ion (Hg2+) from environmental water samples. The 
AgNPs printed on Whatman 昀椀lter paper (No. 1) is employed for detection of Hg2+ which is reliant on the color 
change of NPs from yellow to discoloration depending on the concentration of target analyte in sample solution. 
The quantitative determination was performed by calculating the signal intensity of AgNPs on printed paper 
substrate after the introduction of Hg2+ using smartphone and RGB color detector. The mechanism for detection 
of Hg2+ on paper substrate is veri昀椀ed using UV-Vis spectrophotometry (UV-Vis), transmission electron micro-
scope (TEM), X-ray photoelectron spectroscopy (XPS), dynamic light scattering (DLS) and basic chemical assays. 
The linear range acquired for paper based colorimetric detection in the range of 40–1200 µgL−1 with limit of 
detection of 10 µgL−1. The results obtained using an inkjet-printed paper-based chemical sensor combined with a 
smartphone is validated with data of inductively coupled plasma-atomic emission spectroscopy (ICP-AES) 
measurement. The advantages of paper based detection are simple, rapid, economic and can be applied at the 
sample sources for determination of Hg2+.   

1. Introduction 

Mercury (Hg) is one of the most toxic heavy metal naturally existing 
in the environment and having adverse effects on human health. Mer-
curic ion (Hg2+) is mostly present in the environmental samples such as 
water, soil and rocks, etc (Rice et al., 2014). The anthropogenic source of 
Hg2+ is coal burning from power plants and wastage from chlorine al-
kali, pesticide, paints, battery and electronic industries (Tasleem Jan 
et al., 2015). The intake of Hg2+ through contaminated drinking water 
and food material can lead to severe effects on human health such as 
damage to the brain, kidney and infertility and birth defects (Clarkson, 
1993). Therefore, monitoring of Hg2+ is needed to evaluate the safety of 
water bodies (river, pond, tube well and industrial waste) and prevent 
the entry of this toxic hazardous material into fresh water reservoirs. 

Cyclic voltammetry (CV) (Hezard et al., 2012), cold vapor-atomic 
absorption spectrometry (CV-AAS) (Ghaedi et al., 2006), inductively 

coupled plasma-mass spectrometry (ICP-MS) (Allibone et al., 1999), 
high performance liquid chromatography (HPLC) (Harrington, 2000), 
inductively coupled plasma- atomic emission spectroscopy (Han et al., 
2006) and UV-Vis spectrophotometry (UV-Vis) (Niazi et al., 2009) are 
reported for determination for Hg2+ from variety of samples. However, 
most of these instruments are sensitive towards the detection of Hg2+

though needed trained staffs and dif昀椀cult to carry at the sample source. 
UV-Vis spectrophotometry is a simple and economic technique based on 
the measurement of colored complexes in visible region for quantitative 
determination of Hg2+ (Mateo et al., 1990). The drawbacks of this 
technique are the use of a more amount of chromophoric reagents such 
as organic compounds and dyes which is harmful to the environment as 
well as chance of interference with other chemical substances present in 
sample solution. 

The disadvantage of using chromophoric reagents in spectropho-
tometry can be excluded by employing quantum dots (QDs) and noble 
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A B S T R A C T   

We report an inkjet-printed paper based colorimetric sensor with silver nanoparticles (AgNPs) using smartphone 
and color detector App for on-site determination of mercuric ion (Hg2+) from environmental water samples. The 
AgNPs printed on Whatman 昀椀lter paper (No. 1) is employed for detection of Hg2+ which is reliant on the color 
change of NPs from yellow to discoloration depending on the concentration of target analyte in sample solution. 
The quantitative determination was performed by calculating the signal intensity of AgNPs on printed paper 
substrate after the introduction of Hg2+ using smartphone and RGB color detector. The mechanism for detection 
of Hg2+ on paper substrate is veri昀椀ed using UV-Vis spectrophotometry (UV-Vis), transmission electron micro-
scope (TEM), X-ray photoelectron spectroscopy (XPS), dynamic light scattering (DLS) and basic chemical assays. 
The linear range acquired for paper based colorimetric detection in the range of 40–1200 µgL−1 with limit of 
detection of 10 µgL−1. The results obtained using an inkjet-printed paper-based chemical sensor combined with a 
smartphone is validated with data of inductively coupled plasma-atomic emission spectroscopy (ICP-AES) 
measurement. The advantages of paper based detection are simple, rapid, economic and can be applied at the 
sample sources for determination of Hg2+.   

1. Introduction 

Mercury (Hg) is one of the most toxic heavy metal naturally existing 
in the environment and having adverse effects on human health. Mer-
curic ion (Hg2+) is mostly present in the environmental samples such as 
water, soil and rocks, etc (Rice et al., 2014). The anthropogenic source of 
Hg2+ is coal burning from power plants and wastage from chlorine al-
kali, pesticide, paints, battery and electronic industries (Tasleem Jan 
et al., 2015). The intake of Hg2+ through contaminated drinking water 
and food material can lead to severe effects on human health such as 
damage to the brain, kidney and infertility and birth defects (Clarkson, 
1993). Therefore, monitoring of Hg2+ is needed to evaluate the safety of 
water bodies (river, pond, tube well and industrial waste) and prevent 
the entry of this toxic hazardous material into fresh water reservoirs. 

Cyclic voltammetry (CV) (Hezard et al., 2012), cold vapor-atomic 
absorption spectrometry (CV-AAS) (Ghaedi et al., 2006), inductively 

coupled plasma-mass spectrometry (ICP-MS) (Allibone et al., 1999), 
high performance liquid chromatography (HPLC) (Harrington, 2000), 
inductively coupled plasma- atomic emission spectroscopy (Han et al., 
2006) and UV-Vis spectrophotometry (UV-Vis) (Niazi et al., 2009) are 
reported for determination for Hg2+ from variety of samples. However, 
most of these instruments are sensitive towards the detection of Hg2+

though needed trained staffs and dif昀椀cult to carry at the sample source. 
UV-Vis spectrophotometry is a simple and economic technique based on 
the measurement of colored complexes in visible region for quantitative 
determination of Hg2+ (Mateo et al., 1990). The drawbacks of this 
technique are the use of a more amount of chromophoric reagents such 
as organic compounds and dyes which is harmful to the environment as 
well as chance of interference with other chemical substances present in 
sample solution. 

The disadvantage of using chromophoric reagents in spectropho-
tometry can be excluded by employing quantum dots (QDs) and noble 
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A B S T R A C T   

We report an inkjet-printed paper based colorimetric sensor with silver nanoparticles (AgNPs) using smartphone 
and color detector App for on-site determination of mercuric ion (Hg2+) from environmental water samples. The 
AgNPs printed on Whatman 昀椀lter paper (No. 1) is employed for detection of Hg2+ which is reliant on the color 
change of NPs from yellow to discoloration depending on the concentration of target analyte in sample solution. 
The quantitative determination was performed by calculating the signal intensity of AgNPs on printed paper 
substrate after the introduction of Hg2+ using smartphone and RGB color detector. The mechanism for detection 
of Hg2+ on paper substrate is veri昀椀ed using UV-Vis spectrophotometry (UV-Vis), transmission electron micro-
scope (TEM), X-ray photoelectron spectroscopy (XPS), dynamic light scattering (DLS) and basic chemical assays. 
The linear range acquired for paper based colorimetric detection in the range of 40–1200 µgL−1 with limit of 
detection of 10 µgL−1. The results obtained using an inkjet-printed paper-based chemical sensor combined with a 
smartphone is validated with data of inductively coupled plasma-atomic emission spectroscopy (ICP-AES) 
measurement. The advantages of paper based detection are simple, rapid, economic and can be applied at the 
sample sources for determination of Hg2+.   

1. Introduction 

Mercury (Hg) is one of the most toxic heavy metal naturally existing 
in the environment and having adverse effects on human health. Mer-
curic ion (Hg2+) is mostly present in the environmental samples such as 
water, soil and rocks, etc (Rice et al., 2014). The anthropogenic source of 
Hg2+ is coal burning from power plants and wastage from chlorine al-
kali, pesticide, paints, battery and electronic industries (Tasleem Jan 
et al., 2015). The intake of Hg2+ through contaminated drinking water 
and food material can lead to severe effects on human health such as 
damage to the brain, kidney and infertility and birth defects (Clarkson, 
1993). Therefore, monitoring of Hg2+ is needed to evaluate the safety of 
water bodies (river, pond, tube well and industrial waste) and prevent 
the entry of this toxic hazardous material into fresh water reservoirs. 

Cyclic voltammetry (CV) (Hezard et al., 2012), cold vapor-atomic 
absorption spectrometry (CV-AAS) (Ghaedi et al., 2006), inductively 

coupled plasma-mass spectrometry (ICP-MS) (Allibone et al., 1999), 
high performance liquid chromatography (HPLC) (Harrington, 2000), 
inductively coupled plasma- atomic emission spectroscopy (Han et al., 
2006) and UV-Vis spectrophotometry (UV-Vis) (Niazi et al., 2009) are 
reported for determination for Hg2+ from variety of samples. However, 
most of these instruments are sensitive towards the detection of Hg2+

though needed trained staffs and dif昀椀cult to carry at the sample source. 
UV-Vis spectrophotometry is a simple and economic technique based on 
the measurement of colored complexes in visible region for quantitative 
determination of Hg2+ (Mateo et al., 1990). The drawbacks of this 
technique are the use of a more amount of chromophoric reagents such 
as organic compounds and dyes which is harmful to the environment as 
well as chance of interference with other chemical substances present in 
sample solution. 

The disadvantage of using chromophoric reagents in spectropho-
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* Corresponding author. 
E-mail address: kshrivas@gmail.com (K. Shrivas).  

Contents lists available at ScienceDirect 

Journal of Hazardous Materials 
journal homepage: www.elsevier.com/locate/jhazmat 

https://doi.org/10.1016/j.jhazmat.2021.125440 
Received 16 December 2020; Received in revised form 25 January 2021; Accepted 12 February 2021   

Hp
Typewritten text
827

Hp
Highlight



Journal of Hazardous Materials 414 (2021) 125440

Available online 25 February 2021
0304-3894/© 2021 Elsevier B.V. All rights reserved.

Inkjet-printed paper-based colorimetric sensor coupled with smartphone 
for determination of mercury (Hg2+) 
Monisha a, Kamlesh Shrivas a,*, Tushar Kant a, Sanyukta Patel b, Rama Devi c, 
Nohar Singh Dahariya d, Shamsh Pervez a, Manas Kanti Deb a, Manish K. Rai a, Joyce Rai e 

a School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur 492010, CG, India 
b Department of Chemistry, Government Nagarjuna Post Graduate College of Science, Raipur 492010, CG, India 
c Department of Chemistry, National Institute of Technology, Raipur 492010, CG, India 
d Department of Chemistry, Govt. Brijlal College, Pallari, Balodabazar 493228, CG, India 
e Chhattisgarh Council of Science & Technology, Vighyan Bhawan, Vidhan Sabha Road, Daldal Seoni, Raipur 492014, India   

A R T I C L E  I N F O   

Editor: Dr. C. LingXin  

Keywords: 
Inkjet-printed colorimetric sensor 
Smartphone 
RGB color detector 
Hg2+ and water samples 

A B S T R A C T   

We report an inkjet-printed paper based colorimetric sensor with silver nanoparticles (AgNPs) using smartphone 
and color detector App for on-site determination of mercuric ion (Hg2+) from environmental water samples. The 
AgNPs printed on Whatman 昀椀lter paper (No. 1) is employed for detection of Hg2+ which is reliant on the color 
change of NPs from yellow to discoloration depending on the concentration of target analyte in sample solution. 
The quantitative determination was performed by calculating the signal intensity of AgNPs on printed paper 
substrate after the introduction of Hg2+ using smartphone and RGB color detector. The mechanism for detection 
of Hg2+ on paper substrate is veri昀椀ed using UV-Vis spectrophotometry (UV-Vis), transmission electron micro-
scope (TEM), X-ray photoelectron spectroscopy (XPS), dynamic light scattering (DLS) and basic chemical assays. 
The linear range acquired for paper based colorimetric detection in the range of 40–1200 µgL−1 with limit of 
detection of 10 µgL−1. The results obtained using an inkjet-printed paper-based chemical sensor combined with a 
smartphone is validated with data of inductively coupled plasma-atomic emission spectroscopy (ICP-AES) 
measurement. The advantages of paper based detection are simple, rapid, economic and can be applied at the 
sample sources for determination of Hg2+.   

1. Introduction 

Mercury (Hg) is one of the most toxic heavy metal naturally existing 
in the environment and having adverse effects on human health. Mer-
curic ion (Hg2+) is mostly present in the environmental samples such as 
water, soil and rocks, etc (Rice et al., 2014). The anthropogenic source of 
Hg2+ is coal burning from power plants and wastage from chlorine al-
kali, pesticide, paints, battery and electronic industries (Tasleem Jan 
et al., 2015). The intake of Hg2+ through contaminated drinking water 
and food material can lead to severe effects on human health such as 
damage to the brain, kidney and infertility and birth defects (Clarkson, 
1993). Therefore, monitoring of Hg2+ is needed to evaluate the safety of 
water bodies (river, pond, tube well and industrial waste) and prevent 
the entry of this toxic hazardous material into fresh water reservoirs. 

Cyclic voltammetry (CV) (Hezard et al., 2012), cold vapor-atomic 
absorption spectrometry (CV-AAS) (Ghaedi et al., 2006), inductively 

coupled plasma-mass spectrometry (ICP-MS) (Allibone et al., 1999), 
high performance liquid chromatography (HPLC) (Harrington, 2000), 
inductively coupled plasma- atomic emission spectroscopy (Han et al., 
2006) and UV-Vis spectrophotometry (UV-Vis) (Niazi et al., 2009) are 
reported for determination for Hg2+ from variety of samples. However, 
most of these instruments are sensitive towards the detection of Hg2+

though needed trained staffs and dif昀椀cult to carry at the sample source. 
UV-Vis spectrophotometry is a simple and economic technique based on 
the measurement of colored complexes in visible region for quantitative 
determination of Hg2+ (Mateo et al., 1990). The drawbacks of this 
technique are the use of a more amount of chromophoric reagents such 
as organic compounds and dyes which is harmful to the environment as 
well as chance of interference with other chemical substances present in 
sample solution. 

The disadvantage of using chromophoric reagents in spectropho-
tometry can be excluded by employing quantum dots (QDs) and noble 
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A B S T R A C T   

Herein, a user-friendly and portable smartphone-integrated printed-paper sensor was designed with Cu@Ag 
nanoparticles (NPs) for on-site monitoring of dimethoate pesticide in food samples, and the results obtained are 
compared with those obtained by UV–vis spectrophotometry. The working principle for identi昀椀cation of 
dimethoate pesticide is the change of yellow color NPs to reddish-yellow with associated bathochromic shift of 
absorption peak when pesticide introduced onto the fabricated paper or glass vial containing the NPs. A 
smartphone-color detector App and colorimetry were used for quantitative analysis of dimethoate in food 
samples. Linearity range for analysis of dimethoate using paper sensor and colorimetry were 100–2000 µgL−1 

and 50–2500 µgL−1 with detection limit of 30 and 16 µgL−1, respectively. The advantages of using smartphone- 
integrated paper devices are rapid, instrument-free detection and economic in terms of consumption of lower 
amounts of NPs solution compared to other NPs-based colorimetric methods.   

1. Introduction 

Pesticides are extensively used in agriculture that increase the yield 
of the crop as required to meet the needs of the world population. Pes-
ticides are exploited in agricultural land to prevent the growth of bac-
teria, fungi, weeds, nematodes, rodents, etc. Among different pesticides, 
organophosphorus pesticides (OPPs) are being globally used because of 
high insecticidal activity and low diligence (Pan, Sun, Li, Zhan, Xu, & 
Zhu, 2018; Kim et al., 2017). Dimethoate is one of the important 
phosphorus based OPPs employed to destroy the growth of the insects on 
leaves, 昀氀owers, fruits, vegetables, etc. The intake of this pesticide 
through food, water and air results in harmful consequences on human 
health. The acceptable value for daily intake of dimethoate is 0.002 mg 
kg−1 body weight day−1 (FAO/WHO, 1994). The residues of dimethoate 
in food possess severe health problems such as depression, anxiety, ir-
ritability as well as its high exposure can lead to anemia and cancer 
(Hung, Lee, Hu, & Chiu, 2018; Liu et al., 2013). Hence, the analysis of 
dimethoate in food and water is a very key issue to avoid the exposure of 
toxicants that in昀氀uence human health and other environmental systems. 

Gas chromatography (GC) (Ramadan, Lahmek, Jlelati, & Mandil, 

2013), high performance liquid chromatography-mass spectrometry 
(HPLC-MS) (Montesano, Olsson, Kuklenyik, Needham, Bradman, & 
Barr, 2007), 昀氀uorescence spectrometry (Hung et al., 2018; Hsu et al., 
2017), gas chromatography-mass spectrometry (GC–MS) (Xiong, Zhang, 
Zhang, Zhang, Chen, & Zhang, 2012), capillary electrophoresis-mass 
spectrometry (CE-MS) (Yang, Xu, Shen, Wang, Xu, Chen, & Fu, 2009), 
and colorimetry (Mitic, Zivanovic, Miletic, Grahovac, & Pecev, 2012; 
Das et al., 1994) are commonly employed for separation and identi昀椀-
cation of pesticides in food and other environmental samples. Although 
these techniques are sophisticated, sensitive and accurate for the 
determination of dimethoate at low levels though they require more 
maintenance cost. Moreover, these instruments are dif昀椀cult to apply at 
on-site analysis. On the contrary, colorimetry is a facile, rapid and cost- 
effective method for the analysis of dimethoate. The main limitation of 
colorimetric assays is making use of chromophoric organic compounds 
or dyes which are hazardous in nature as well occasionally not found 
speci昀椀c to a particular chemical substance in a variety of samples (Mitic 
et al., 2012; Das et al., 1994). Therefore, another apparent method is 
needed which should be exempted from the use of chromophoric re-
agents or dyes. 
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A B S T R A C T   

Herein, a user-friendly and portable smartphone-integrated printed-paper sensor was designed with Cu@Ag 
nanoparticles (NPs) for on-site monitoring of dimethoate pesticide in food samples, and the results obtained are 
compared with those obtained by UV–vis spectrophotometry. The working principle for identi昀椀cation of 
dimethoate pesticide is the change of yellow color NPs to reddish-yellow with associated bathochromic shift of 
absorption peak when pesticide introduced onto the fabricated paper or glass vial containing the NPs. A 
smartphone-color detector App and colorimetry were used for quantitative analysis of dimethoate in food 
samples. Linearity range for analysis of dimethoate using paper sensor and colorimetry were 100–2000 µgL−1 

and 50–2500 µgL−1 with detection limit of 30 and 16 µgL−1, respectively. The advantages of using smartphone- 
integrated paper devices are rapid, instrument-free detection and economic in terms of consumption of lower 
amounts of NPs solution compared to other NPs-based colorimetric methods.   

1. Introduction 

Pesticides are extensively used in agriculture that increase the yield 
of the crop as required to meet the needs of the world population. Pes-
ticides are exploited in agricultural land to prevent the growth of bac-
teria, fungi, weeds, nematodes, rodents, etc. Among different pesticides, 
organophosphorus pesticides (OPPs) are being globally used because of 
high insecticidal activity and low diligence (Pan, Sun, Li, Zhan, Xu, & 
Zhu, 2018; Kim et al., 2017). Dimethoate is one of the important 
phosphorus based OPPs employed to destroy the growth of the insects on 
leaves, 昀氀owers, fruits, vegetables, etc. The intake of this pesticide 
through food, water and air results in harmful consequences on human 
health. The acceptable value for daily intake of dimethoate is 0.002 mg 
kg−1 body weight day−1 (FAO/WHO, 1994). The residues of dimethoate 
in food possess severe health problems such as depression, anxiety, ir-
ritability as well as its high exposure can lead to anemia and cancer 
(Hung, Lee, Hu, & Chiu, 2018; Liu et al., 2013). Hence, the analysis of 
dimethoate in food and water is a very key issue to avoid the exposure of 
toxicants that in昀氀uence human health and other environmental systems. 

Gas chromatography (GC) (Ramadan, Lahmek, Jlelati, & Mandil, 

2013), high performance liquid chromatography-mass spectrometry 
(HPLC-MS) (Montesano, Olsson, Kuklenyik, Needham, Bradman, & 
Barr, 2007), 昀氀uorescence spectrometry (Hung et al., 2018; Hsu et al., 
2017), gas chromatography-mass spectrometry (GC–MS) (Xiong, Zhang, 
Zhang, Zhang, Chen, & Zhang, 2012), capillary electrophoresis-mass 
spectrometry (CE-MS) (Yang, Xu, Shen, Wang, Xu, Chen, & Fu, 2009), 
and colorimetry (Mitic, Zivanovic, Miletic, Grahovac, & Pecev, 2012; 
Das et al., 1994) are commonly employed for separation and identi昀椀-
cation of pesticides in food and other environmental samples. Although 
these techniques are sophisticated, sensitive and accurate for the 
determination of dimethoate at low levels though they require more 
maintenance cost. Moreover, these instruments are dif昀椀cult to apply at 
on-site analysis. On the contrary, colorimetry is a facile, rapid and cost- 
effective method for the analysis of dimethoate. The main limitation of 
colorimetric assays is making use of chromophoric organic compounds 
or dyes which are hazardous in nature as well occasionally not found 
speci昀椀c to a particular chemical substance in a variety of samples (Mitic 
et al., 2012; Das et al., 1994). Therefore, another apparent method is 
needed which should be exempted from the use of chromophoric re-
agents or dyes. 
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Herein, a user-friendly and portable smartphone-integrated printed-paper sensor was designed with Cu@Ag 
nanoparticles (NPs) for on-site monitoring of dimethoate pesticide in food samples, and the results obtained are 
compared with those obtained by UV–vis spectrophotometry. The working principle for identi昀椀cation of 
dimethoate pesticide is the change of yellow color NPs to reddish-yellow with associated bathochromic shift of 
absorption peak when pesticide introduced onto the fabricated paper or glass vial containing the NPs. A 
smartphone-color detector App and colorimetry were used for quantitative analysis of dimethoate in food 
samples. Linearity range for analysis of dimethoate using paper sensor and colorimetry were 100–2000 µgL−1 

and 50–2500 µgL−1 with detection limit of 30 and 16 µgL−1, respectively. The advantages of using smartphone- 
integrated paper devices are rapid, instrument-free detection and economic in terms of consumption of lower 
amounts of NPs solution compared to other NPs-based colorimetric methods.   

1. Introduction 

Pesticides are extensively used in agriculture that increase the yield 
of the crop as required to meet the needs of the world population. Pes-
ticides are exploited in agricultural land to prevent the growth of bac-
teria, fungi, weeds, nematodes, rodents, etc. Among different pesticides, 
organophosphorus pesticides (OPPs) are being globally used because of 
high insecticidal activity and low diligence (Pan, Sun, Li, Zhan, Xu, & 
Zhu, 2018; Kim et al., 2017). Dimethoate is one of the important 
phosphorus based OPPs employed to destroy the growth of the insects on 
leaves, 昀氀owers, fruits, vegetables, etc. The intake of this pesticide 
through food, water and air results in harmful consequences on human 
health. The acceptable value for daily intake of dimethoate is 0.002 mg 
kg−1 body weight day−1 (FAO/WHO, 1994). The residues of dimethoate 
in food possess severe health problems such as depression, anxiety, ir-
ritability as well as its high exposure can lead to anemia and cancer 
(Hung, Lee, Hu, & Chiu, 2018; Liu et al., 2013). Hence, the analysis of 
dimethoate in food and water is a very key issue to avoid the exposure of 
toxicants that in昀氀uence human health and other environmental systems. 

Gas chromatography (GC) (Ramadan, Lahmek, Jlelati, & Mandil, 

2013), high performance liquid chromatography-mass spectrometry 
(HPLC-MS) (Montesano, Olsson, Kuklenyik, Needham, Bradman, & 
Barr, 2007), 昀氀uorescence spectrometry (Hung et al., 2018; Hsu et al., 
2017), gas chromatography-mass spectrometry (GC–MS) (Xiong, Zhang, 
Zhang, Zhang, Chen, & Zhang, 2012), capillary electrophoresis-mass 
spectrometry (CE-MS) (Yang, Xu, Shen, Wang, Xu, Chen, & Fu, 2009), 
and colorimetry (Mitic, Zivanovic, Miletic, Grahovac, & Pecev, 2012; 
Das et al., 1994) are commonly employed for separation and identi昀椀-
cation of pesticides in food and other environmental samples. Although 
these techniques are sophisticated, sensitive and accurate for the 
determination of dimethoate at low levels though they require more 
maintenance cost. Moreover, these instruments are dif昀椀cult to apply at 
on-site analysis. On the contrary, colorimetry is a facile, rapid and cost- 
effective method for the analysis of dimethoate. The main limitation of 
colorimetric assays is making use of chromophoric organic compounds 
or dyes which are hazardous in nature as well occasionally not found 
speci昀椀c to a particular chemical substance in a variety of samples (Mitic 
et al., 2012; Das et al., 1994). Therefore, another apparent method is 
needed which should be exempted from the use of chromophoric re-
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A B S T R A C T   

For the 昀椀rst time, functionalized asphaltene has been designed, synthesized, and used for the removal of heavy 
metals from the water. Asphaltene was separated from the crude oil with the addition of n-alkanes. Asphaltene 
having a complex chemical structure including multilayered and clustered aromatic fused rings bearing aliphatic 
chains. Asphaltene also contains heteroatoms like N, S, and O atoms along with Ni and V as prominent trace 
metals. On functionalization of asphaltene with nitric acid, the aliphatic chains and some of the naphthenic rings 
broke down and developed –COOH, –C––O, C–O, and other oxygen functional groups which are playing key roles 
as surface-active agents in the removal of the heavy metals via chemisorption. The study was conducted using 
different parameters such as dose, time, pH, and concentration. The adsorption ef昀椀ciency for this material at pH 
4 is excellent for the removal of chromium and lead. The Langmuir, Freundlich and Temkin adsorption isotherm 
models as well as Lagergren pseudo second-order kinetic model were investigated. The positive enthalpies ΔHs 
con昀椀rm that the adsorption process is endothermic and the negative free energies ΔGs con昀椀rm the spontaneity of 
the process. The good ef昀椀ciency of the adsorption implies the ef昀椀cacy in the removal of the heavy metal ions, as 
well as the good ef昀椀ciency in desorption, which implies the excellent recovery of the adsorbent. The effective 
reusability of this adsorbent makes it applicable for industrial water treatment from contaminants.   

1. Introduction 

The consumption of crude oil increased dramatically in the last de-
cades. About 70% of the heavy crude oil residue is drilled out and a very 
small amount is being used without signi昀椀cant process (Speight, 1990). 

One of the fractions that are considered as the most troublemaker is 
the asphaltenes in the re昀椀nery and cracking processing of the petroleum, 
that’s due to the precipitation of the asphaltenes can reduce the 昀氀ow of 
the oil and also can lead to blockage problems in several types of 
equipment (Cimino et al., 1995). Moreover, these compounds can form 
sludges and can deactivate the hydro-desulfurization and 
hydro-cracking catalysts which lead to a reduction in conversion ef昀椀-
ciency for the two processes (Bartholomew, 1994; Miyauchi and de 
Wind, 1994). 

The structure of these compounds was very dif昀椀cult to study due to 
their chemical complexity & composition, it was reported that this 
material is composed of poly-aromatic groups in the center connected 
with alicyclic and aliphatic groups along with some heteroatoms and 
some metal ions (Hasan et al., 1988; Shirokoff et al., 1997). 

The contamination of water by heavy metal ions is a very serious 
issue, the source of these metals are different industries such as mining, 
battery, and other chemical industries. Small concentrations of these 
heavy metal ions can cause dangerous diseases such as anaemia, cancer, 
renal and kidney failure, mental retardation, and other serious diseases 
(Nordberg et al., 2014). 

These metal ions are non-biodegradable that’s why they need to be 
removed from the water. There are many methods available for the 
removal of these materials such as hydroxide or sul昀椀de precipitation, ion 
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metals from the water. Asphaltene was separated from the crude oil with the addition of n-alkanes. Asphaltene 
having a complex chemical structure including multilayered and clustered aromatic fused rings bearing aliphatic 
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different parameters such as dose, time, pH, and concentration. The adsorption ef昀椀ciency for this material at pH 
4 is excellent for the removal of chromium and lead. The Langmuir, Freundlich and Temkin adsorption isotherm 
models as well as Lagergren pseudo second-order kinetic model were investigated. The positive enthalpies ΔHs 
con昀椀rm that the adsorption process is endothermic and the negative free energies ΔGs con昀椀rm the spontaneity of 
the process. The good ef昀椀ciency of the adsorption implies the ef昀椀cacy in the removal of the heavy metal ions, as 
well as the good ef昀椀ciency in desorption, which implies the excellent recovery of the adsorbent. The effective 
reusability of this adsorbent makes it applicable for industrial water treatment from contaminants.   

1. Introduction 

The consumption of crude oil increased dramatically in the last de-
cades. About 70% of the heavy crude oil residue is drilled out and a very 
small amount is being used without signi昀椀cant process (Speight, 1990). 

One of the fractions that are considered as the most troublemaker is 
the asphaltenes in the re昀椀nery and cracking processing of the petroleum, 
that’s due to the precipitation of the asphaltenes can reduce the 昀氀ow of 
the oil and also can lead to blockage problems in several types of 
equipment (Cimino et al., 1995). Moreover, these compounds can form 
sludges and can deactivate the hydro-desulfurization and 
hydro-cracking catalysts which lead to a reduction in conversion ef昀椀-
ciency for the two processes (Bartholomew, 1994; Miyauchi and de 
Wind, 1994). 

The structure of these compounds was very dif昀椀cult to study due to 
their chemical complexity & composition, it was reported that this 
material is composed of poly-aromatic groups in the center connected 
with alicyclic and aliphatic groups along with some heteroatoms and 
some metal ions (Hasan et al., 1988; Shirokoff et al., 1997). 

The contamination of water by heavy metal ions is a very serious 
issue, the source of these metals are different industries such as mining, 
battery, and other chemical industries. Small concentrations of these 
heavy metal ions can cause dangerous diseases such as anaemia, cancer, 
renal and kidney failure, mental retardation, and other serious diseases 
(Nordberg et al., 2014). 

These metal ions are non-biodegradable that’s why they need to be 
removed from the water. There are many methods available for the 
removal of these materials such as hydroxide or sul昀椀de precipitation, ion 
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A B S T R A C T   

The paper-based sensing devices have drawn a broad interest in analytical chemistry for colorimetric and 
昀氀uorescent-based analysis of biological, environmental, clinical, and food samples. It is due to the simple, rapid, 
biodegradable, user-friendly, less expensive, and low waste generation into the environment. Here, the recent 
development of paper-based sensors fabricated with different noble metal nanoparticles (NPs) and semi-
conductor and carbon quantum dots (QDs) is demonstrated to analyze several chemical substances from various 
samples. User-friendly and portable recording devices such as digital cameras, smartphones, scanners, etc. along 
with color detecting softwares are employed to measure the color intensity of nanomaterials fabricated paper 
devices after the deposition of a sample solution containing various chemical substances. The advantages and 
disadvantages of incorporating nanomaterials in the paper substrate (direct deposition, inkjet printing, screen 
printing and wax printing) are illustrated. The mechanism for colorimetric, 昀氀uorescence, phosphorescence, and 
chemiluminescence sensing using noble metal NPs (Ag, Cu, and Au), semiconductors, and carbon QDs for the 
determination of metal ions, anions, pesticides, biomolecules, and other toxic chemical substances are discussed. 
Thus, this review article would be highly useful for scientists and researchers to design colorimetric sensors to 
monitor chemical toxicants in clinical, environment, foods, and many other related samples.   

1. Introduction 

Today, the environment is highly contaminated with toxic chemicals 
such as heavy metal ions, pesticides, anions, phenolic compounds, dyes, 
etc., due to the exploitation of natural resources and heavy industriali-
zation. Some of them are highly toxic and harmful when it comes to 
contact with human beings. These chemical substances may cause 
several harmful diseases to humans and other living organisms [1,2]. 
Consequently, separating and analyzing toxic chemical substances pre-
sent in the air, water, biotic, and other environmental samples is 
essential to avoid entry into different ecological zones. In this context, 
Tuzen and Saleh groups developed magnetic loaded activated carbon 
[3], bio-based magnetic activated carbon [4], magnetic activated car-
bon/CeO2 nanocomposite [5], silica nanoparticles grafted with the 
copolymer of acrylic acrylamide [6], ZnO nanoparticles loaded acti-
vated carbon [7] for ef昀椀cient separation of several dyes from water 
samples. In addition, multiwalled carbon nanotubes and graphene 

oxide-magnetic nanoparticles (NPs) are reported for more ef昀椀cient 
removal of cations and pesticides from water samples, respectively [8, 
9]. Many conventional techniques are available for detection and 
determination of inorganic, organic, and other toxicants. For example, 
the quantitative determination of inorganic cations and anions are done 
by hydride generation-atomic absorption spectrometry (HG-AAS) [10], 
inductively coupled plasma-optical emission spectrometry (ICP-OES) 
[11], electrothermal atomic absorption spectrometry (ET-AAS) [12], 
voltammetry [13], surface-enhanced Raman scattering (SERS) [14], 
hydride generation-atomic 昀氀uorescence spectroscopy (HG-AFS) [15], 
inductively coupled plasma mass spectrometry (ICP-MS) [16], x-ray 
昀氀uorescence (XRF) [17], spectrophotometry [18], etc. Organic com-
pounds and pesticides are analyzed using gas chromatography-mass 
spectrometry (GC–MS) [19], gas chromatography (GC) [20], capillary 
electrophoresis [21], liquid chromatography-mass spectrometry 
(LC–MS) [22], high performance liquid chromatography (HPLC) [23], 
and immunoassay technique [24]. However, these techniques possess 
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A B S T R A C T   

In South Asia, combustion of solid fuel for residential heating and cooking is a major emission source of 
particulate-phase polycyclic aromatic hydrocarbons (p-PAHs), a potent carcinogen for human health. The 
emission factors (EFs) and source diagnostic ratios of PAHs currently used in regional inventory models have 
been estimated from controlled laboratory tests, which do not accurately re昀氀ect real-world combustion scenarios 
observed in rural Indian households. Consequently, the health effects associated with p-PAH levels in indoor and 
ambient air could be severely underestimated and undervalued. We performed a nationwide study across ten 
different states in the Indian subcontinent to evaluate the EFs and source diagnostic ratios of sixteen U.S. 
Environmental Protection Agency (EPA) identi昀椀ed high priority p-PAHs emitted from residential solid biomass 
combustion. Our estimated average annual EFs were 2.4–18.3 fold higher than those reported from previous 
laboratory-based investigations. Carcinogenic toxicity analysis shows that combustion of dung cake and coal ball, 
both widely used residential solid fuels, posed the most risk (80% and 59% respectively) in comparison to other 
PAHs owing to predominant emission of benzo[a]pyrene. Our 昀椀ndings underscore the importance of improved 
laboratory testing and 昀椀eld validations as crucial steps toward more accurate emission inventories and better 
assessment of public health impacts.   

1. Introduction 

A large portion of the population in developing countries depends on 
unprocessed solid fuels (coal balls, fuel wood, dung cake, and crop 
residues), with unvented stoves, for household cooking and heating. 
Emissions of 昀椀ne particulate matter (<PM2.5), trace gases, and 

polycyclic aromatic hydrocarbons (PAHs) contribute to local and region 
pollution and adverse health effects (Bond et al., 2004; ; Zhang and Tao, 
2009). 

PAHs are a class of organic compounds that originate from both 
petrogenic (e.g. vehicle exhausts, incinerators and power generation 
plants) and pyrogenic (incomplete combustion of fossil fuel and 
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been estimated from controlled laboratory tests, which do not accurately re昀氀ect real-world combustion scenarios 
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Emissions of 昀椀ne particulate matter (<PM2.5), trace gases, and 

polycyclic aromatic hydrocarbons (PAHs) contribute to local and region 
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a b s t r a c t

Adsorption and photodegradation efficiency of a-MoO3 microfibers towards methylene blue (MB) dye in

the aqueous solution were reported. To obtain high-quality a-MoO3 microfibers, an aqueous solution of

(NH4)6Mo7O24�4H2O and citric acid was hydrothermally treated (180 �C, 12 h) in the presence of HNO3.

The possible growth mechanism of microfibers in the hydrothermal reaction is explained. XRD and TEM

studies provide shreds of evidence that microfibers have crystallized in a pure orthorhombic phase and

grown up in the direction of [001]. The structural bonding between molybdenum and oxygen constituent

elements of microfibers was further confirmed by XPS, FTIR, and Raman techniques. The estimated opti-

cal band gap of a-MoO3 microfibers (Eg = 2.68 eV) lies in the visible region, making them suitable for vis-

ible light photocatalytic application. MB adsorption and degradation capacity of microfibers were

performed in the dark and light, respectively. The photocatalytic properties revealed that 90 % MB dye

was degraded within 120 min illumination. Moreover, the good photocatalytic recycling capability of

a-MoO3 microfibers makes them a promising photocatalyst to eliminate organic pollutants from water.

� 2021 Elsevier B.V. All rights reserved.

1. Introduction

The molybdenum(VI) oxide (MoO3) is attracting a great deal of

attention in the field of material science due to its unique chemical,

electrochemical, electronic, and catalytic properties. MoO3 usually

crystallizes in the three basic polymorphic structures. First,

orthorhombic (a-MoO3) is a thermodynamically stable phase and

the remaining two phases, such as monoclinic (b-MoO3) and

hexagonal (h-MoO3), are the metastable phase. a-MoO3 has a

unique layered crystal structure that possesses intrinsic structural

anisotropic growth of the crystal, so it is known to crystalize into

low-dimensional shapes. Thus, the last two decades have wit-

nessed considerable advances in the synthesis strategies to obtain

low-dimensional micro/nano structures of a-MoO3 such as ribbons

[1], wires [2], rods [3], sheets [4], tubes [5], and many other hierar-

chical shapes [6–7]. These one- and two- dimensional structures

exhibit high activity due to the adjustable oxidation state of Mo

ions present on the surface and have widely been applied in many

promising applications in the area of medicine [8], gas and biomo-

lecule sensors [9–11], catalysis [12], dye adsorption [13], lubricant

[14], and electrochemical energy storage batteries and supercapac-

itors [15–17]. In addition, a-MoO3 is an n-type semiconductor with

a wide bandgap of �3.0 eV that make it a potential candidate in the

area of photonics [17], field emission [2], photocatalytic [18–19],

diluted magnetic semiconductors [20], including photochromic

and electrochromic devices [21–22].

The low-dimensional morphology modulating in micro and

nano levels a-MoO3 allows tuning of specific properties as per

requirement. To fabricate, such a a-MoO3 nano and micro size

structures, a variety of bottom-up approaches like chemical vapor

deposition [23], thermal evaporation [24], hot-plate [25], flame

synthesis [26], sonochemical [27], sol–gel [3], polymeric solution

[9], electrospinning [28], solvothermal [4,29]/hydrothermal

[15,30–31] have been extensively used. In recent years, a few lay-

ers of two-dimensional MoO3 sheets have also been fabricated by

exfoliation and oxidation of bulk MoO3 and MoS2 [17,32]. Ye and

coworkers used MoS2 powders dispersed in ethanol/water to irra-

diated with pulses from a femto second laser, which results plas-
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A graphene-printed paper electrode for
determination of H2O2 in municipal wastewater
during the COVID-19 pandemic†

Tushar Kant,a Kamlesh Shrivas, *a Indrapal Karbhal,a Monisha,a Sanjay Yadav,a

Tikeshwari,a Sushama Sahu,a Yugal Kishor Mahipalb and Vellaichamy Ganesan c

Recently, hydrogen peroxide (H2O2) has been used as a disinfectant in sanitizers for cleaning hands, and

solid surfaces of hospitals, offices and homes to prevent the spread of the COVID-19 virus. The effluents

from domestic, hospital and municipal waste should be monitored for their H2O2 content to avoid the

entry of this toxic pollutant into the ecosystem. Therefore, we developed a low-cost graphene (Gr)-

printed paper electrode for determination of H2O2 using cyclic voltammetry (CV). An office inkjet-printer

and Gr nano-ink stabilized with ethyl cellulose (EC) were used for the fabrication of printed paper

electrodes (PPEs) to determine H2O2 quantitatively. A stable Gr–EC nano-ink (2%) with viscosity and

surface tension values of 12 mPa S�1 and 35 mN M�1, respectively, was formulated to obtain conductive

electrodes. A wide linear range (2 mM–25 mM) with a better limit of detection (0.28 mM) for the determi-

nation of H2O2 was obtained when the Gr–EC/PPE was used as a working electrode. Further, the

Gr–EC/PPE was successfully employed for analysis of H2O2 in wastewater. The electrochemical determi-

nation of H2O2 using the Gr–EC/PPE as an electrode in CV is rapid, economical, flexible and eco-

friendly when compared with previously reported methods.

Introduction

In January 2020, the World Health Organization (WHO)

declared the outbreak of COVID-19 as a public health emer-

gency and the COVID virus has, so far, infected and killed

millions of people across the world. The preliminary preventive

measures against the infection are cleaning hands with soaps

or sanitizers and use of facial masks. More recently, cleaning of

hands with alcohol-based sanitizers has tremendously

increased. Most of the sanitizers contain hydrogen peroxide

(3%) as a strong oxidizing agent along with isopropyl alcohol/

ethanol and glycerol.1,2 In addition, H2O2 has an extensive

application as a disinfectant in hospitals and has been used

as a bleaching agent in industry. The exposure to H2O2 may

result in several health issues such as skin etching, headache,

blindness, irritation, and redness of eyes.3,4 The effluents from

domestic sources and hospitals which are disposed into muni-

cipal wastewater may contain H2O2. Hence, analysis of

municipal wastewater is necessary to prevent the passage of

this substance into fresh water reservoirs. For this, horseradish

peroxidase-based spectrophotometry,5 titration,6 fluorimetry,7

electrochemical methods,8 and chemiluminescence9 have been

reported for analysis of H2O2. However, most techniques have

their own limitations, like the need for expensive instruments

and lengthy sample preparation procedures. However, electro-

chemical methods have been proven to be simple and rapid for

the detection of H2O2, as they show superiority in sensitivity,

selectivity, cost and portability.10

Among the electrochemical techniques, cyclic voltammetry

(CV) is frequently used for the quantitative analysis of H2O2

based on its redox properties.8 Recently enzyme immobiliza-

tion onto electrode surfaces with different nanomaterials has

been used for detection of H2O2.
11 Stability, reproducibility and

storage are the major issues related to enzymatic methods. To

overcome these limitations, glassy carbon electrodes (GCEs)

fabricated with metallic silver (Ag), gold (Au), platinum (Pt),

and carbon/graphene (Gr) nanomaterials (NMs), etc., are used

in several electrochemical applications.12–15 These NMs have

the advantages of low cost, better electrocatalytic activity and

conductivity. However, the synthesis of metallic NMs involves

use of harmful reducing agents (hydrazine, sodium borohy-

dride, etc.). Accordingly, Gr-based NMs have emerged as effi-

cient electrode materials with better performance.16 Gr-based
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nation of H2O2 using the Gr–EC/PPE as an electrode in CV is rapid, economical, flexible and eco-

friendly when compared with previously reported methods.

Introduction

In January 2020, the World Health Organization (WHO)

declared the outbreak of COVID-19 as a public health emer-

gency and the COVID virus has, so far, infected and killed

millions of people across the world. The preliminary preventive

measures against the infection are cleaning hands with soaps

or sanitizers and use of facial masks. More recently, cleaning of

hands with alcohol-based sanitizers has tremendously

increased. Most of the sanitizers contain hydrogen peroxide

(3%) as a strong oxidizing agent along with isopropyl alcohol/

ethanol and glycerol.1,2 In addition, H2O2 has an extensive

application as a disinfectant in hospitals and has been used

as a bleaching agent in industry. The exposure to H2O2 may

result in several health issues such as skin etching, headache,

blindness, irritation, and redness of eyes.3,4 The effluents from

domestic sources and hospitals which are disposed into muni-

cipal wastewater may contain H2O2. Hence, analysis of

municipal wastewater is necessary to prevent the passage of

this substance into fresh water reservoirs. For this, horseradish

peroxidase-based spectrophotometry,5 titration,6 fluorimetry,7

electrochemical methods,8 and chemiluminescence9 have been

reported for analysis of H2O2. However, most techniques have

their own limitations, like the need for expensive instruments

and lengthy sample preparation procedures. However, electro-

chemical methods have been proven to be simple and rapid for

the detection of H2O2, as they show superiority in sensitivity,

selectivity, cost and portability.10

Among the electrochemical techniques, cyclic voltammetry

(CV) is frequently used for the quantitative analysis of H2O2

based on its redox properties.8 Recently enzyme immobiliza-

tion onto electrode surfaces with different nanomaterials has

been used for detection of H2O2.
11 Stability, reproducibility and

storage are the major issues related to enzymatic methods. To

overcome these limitations, glassy carbon electrodes (GCEs)

fabricated with metallic silver (Ag), gold (Au), platinum (Pt),

and carbon/graphene (Gr) nanomaterials (NMs), etc., are used

in several electrochemical applications.12–15 These NMs have

the advantages of low cost, better electrocatalytic activity and

conductivity. However, the synthesis of metallic NMs involves

use of harmful reducing agents (hydrazine, sodium borohy-

dride, etc.). Accordingly, Gr-based NMs have emerged as effi-

cient electrode materials with better performance.16 Gr-based
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or sanitizers and use of facial masks. More recently, cleaning of

hands with alcohol-based sanitizers has tremendously

increased. Most of the sanitizers contain hydrogen peroxide

(3%) as a strong oxidizing agent along with isopropyl alcohol/
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been used for detection of H2O2.
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and carbon/graphene (Gr) nanomaterials (NMs), etc., are used
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Simultaneous determination of B1, B3, B6 and C vitamins in green leafy 
vegetables using reverse phase-high performance liquid chromatography 
Tarun Kumar Patle a, Kamlesh Shrivas a,1,*, Alka Patle b, Sanyukta Patel b, Neetu Harmukh c, 
Antresh Kumar d 
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A R T I C L E  I N F O   

Keywords: 
Vitamins 
RP-HPLC-DAD 
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Quanti昀椀cation 
Validation 
Food analysis 

A B S T R A C T   

A simple, rapid, and ef昀椀cient RP-HPLC-DAD method is optimized for the quantitative determination of vitamin 
B1, B3, B6, and C in green leafy vegetables. The separation was done within 7 min with a gradient program of 20 
mM phosphate buffer (pH = 3) and acetonitrile with 0.5 mL min−1 昀氀ow in C-18 reverse phase column (Hypersil 
GOLDTM, 100 × 4.6 mm × 5 µm) at room temperature. All the vitamins were estimated with a diode array 
detector (DAD) at 275 nm. The method validation parameters like precision, accuracy, linearity, limit of 
detection (LOD), RSD (%), and recovery (%) were studied for quantitative purpose. The method showed a good 
linear range of 0.01–10 µg mL−1 for analysis for B1, B3, B6, and 0.1–10 µg mL−1 for vitamin C, with LOD of 
0.025 µg mL−1 for vitamin B1, B3, B6, and 0.1 µg mL−1 for vitamin C. The optimized method was applied for the 
quantitative determination of respective vitamins in green leafy vegetables. The result indicated that this method 
can be used for qualitative and quantitative estimation of vitamin B1, B3, B6, and C in green vegetables and other 
sample matrices of the plant origin.   

1. Introduction 

The healthier metabolic and physiological function of our body de-
pends on the types of foods, vegetables, and nutrition that are taken in 
our daily diet [1–2]. The major nutrients obtained from fruits and veg-
etables are polyphenols, vitamins, proteins, 昀椀bers, carbohydrates, min-
erals, etc. [3]. Despite protein, carbohydrates, and fats, vitamins also 
play an essential role in cell growth and metabolism, which are 
considered to be the most important micronutrients, received from 
vegetables and food materials [4–6]. The fat-soluble vitamins are known 
as vitamin A, E, K, and D which are non-polar compounds of isoprene 
derivatives, often stored in the liver, kidneys, and fat tissue. These vi-
tamins have several functions for the growth and development of the 
human body [7–10]. B1 to B6, B9, B11, B12, and C are the water-soluble 
vitamins have speci昀椀c functions in the central nervous system and res-
piratory organs, and some of them are responsible for the production of 
fatty and nucleic acid, and the formation of blood cells [11]. 

The water-soluble vitamins have different metabolic functions 
depending upon an individual vitamin involved in biological activities 

[12–14]. The beriberi disease is caused by a nutritional de昀椀ciency of 
vitamin B1 (thiamine) which affects the digestive system and nervous 
systems [15]. Skin in昀氀ammation and gastrointestinal issues are the 
common clinical symptoms of B2 (ribo昀氀avin), B3 (niacin), and B6 
(pyridoxine) de昀椀ciencies [16]. Vitamin C (ascorbic acid) is an antioxi-
dant compound, abundantly present in citrus fruits, and its de昀椀ciency 
leads to cause scurvy disease [17,18]. 

Green leafy vegetables, commonly consumed daily in food, are one of 
the major sources of vitamins [19]. It is very bene昀椀cial to determine the 
concentration level of individual vitamins present in green leafy vege-
tables for the regulation of a balanced diet. The concentration of water- 
soluble vitamins in green leafy vegetables are very low (in micrograms), 
accompanied by a surplus of other chemical compounds with similar 
chemical properties which are challenging to determine in green vege-
tables [20]. Different chemical, biological or physical methods have 
been traditionally used for the determination of individual vitamins. In 
earlier studies, water-soluble vitamins have been monitored using 
microbiological assays but the method is dif昀椀cult to attain better pre-
cision [21]. High-performance liquid chromatography (HPLC) is a 
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Abstract

Background: Today, SARS-CoV-2 (COVID-19), a viral disease caused by the novel coronavirus (a tiny crowned virus), has become one of the threats

for human beings all over the world and caused the death of millions of people worldwide. Many vaccines have been developed and administered to

people in several countries; however, due to their propensity to create new strains, it appears that curing all corona strains will be challenging. So, it

is necessary to identify the structure of the virus, mechanism of action, and its antiviral activities against drugs and other functional materials.

Methods: AgNPs have unique physicochemical and antimicrobial properties. This review describes the structure and nature of the virus and the

mechanism of action of an antiviral drug such as silver nanoparticles (AgNPs) with the virus. In addition, different methods for synthesis of AgNPs,

application of AgNPs as an antiviral agent against in�uenza virus, human immuno de�ciency virus (HIV), herpes simplex virus type 1 (HSV-1),

hepatitis B virus (HBV), polio virus, respiratory syncytial virus (RSV), are discussed. Also, the most probable applications and properties of AgNPs

that can help prepare it as an antiviral agent are discussed.

Results: The use of AgNPs against various viruses, including the coronavirus family, is found to be effective; therefore, it can be considered for the

development of antiviral agents, disinfectants, antiviral coated mask, and their therapeutic use against the treatment of novel coronavirus with

minimum side effect and great e�ciency.

Conclusion: AgNPs were successfully used for the treatment of various viral diseases of the coronavirus family such as H1N1, H3N2, in�uenza, even

for SARS and MERS coronaviruses. AgNPs coated masks, disinfectants, fabrics, wipes, and inhalation systems are effective for the inhibition of

SARS-CoV-2 infection. Since sanitizers have a temporary effect, the development of some other potential alternatives having low toxicity, ease of

use, long lasting e�ciency, health cautiousness, minimum side effect, sustainable fabrics is required.
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Abstract

Background: Currently, the environmental and biological samples, such as water, soil, vegetables, etc., are highly contaminated with metal ions,

anions and pesticides. For analysis of these toxic substances from the environmental and biological samples, sophisticated and expensive

instruments are being used. The present work deals with the development of a simple, faster, sensitive and economical method for the analysis of

toxic substances present in different samples.

Methods: The general methods for synthesis and characterization of metallic (Ag, Au, Cu and graphene) nanoparticles and conductive polymer for

the development of conductive nano-ink and fabrication of paper substrate by direct deposition and laser, wax, or inkjet printing techniques, have

been reported.

Results: Paper-based sensors fabricated with different nanomaterials used as colorimetric, electrochemical and �uorescence-based chemical

sensors for the quantitative determination of pesticides and toxic metal ions in various biological and clinical samples have been comprehensively

discussed in this review.

Conclusion: The low-cost, rapid, eco-friendly, �exible, portable, and paper-based sensors using nanoparticles (NPs) are in demand for on-site

detection of different chemical constituents present in various environmental, biological and clinical samples.

Keywords: Paper-based sensor, nanoparticles, electrochemical, colorimetric, �uorescence, environmental samples, biological samples.
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Abstract- In order to improve crop quality and yield storage life, a wide range of pesticides have been 

utilized in agriculture. However, due to the expanding population and fast urbanization, pesticide use has 

increased now more than ever before. The constant usage of these pesticides has led to environmental 

contamination and health risks for people. A simple and sensitive spectrophotometric method was 

developed for determination of quizalofop-p-ethyl herbicide in food samples. quizalofop-p-ethyl (QPE) is 

a post-emergence herbicide that effectively controls grass weeds and is often detected in the environment. 

However, the biochemical and molecular mechanisms of QPE degradation in the environment remains 

unclear. quizalofop-p-ethyl (QPE), a unitary R configuration aromatic oxyphenoxypropionic acid 

ester(AOPP) herbicide, was widely used and had led to detrimental environmental effects The method is 

based on acid hydrolysis of quizalofop-p-ethyl, quizalofop-p-ethyl get dissociated then the chlorinated 

part of the dissociated product was reacted with Fe (II) to form yellow color complex.  Its λmax was 
found to be 420nm.  The influences of various experimental parameters on the absorbance of the charge 

transfer complex of quizalofop-p-ethyl with Fe (II) are studied. The absorbance of complex was measured 

at 420 nm. The charge transfer complex of herbicide with Fe (II) shows molar absorptivity 1.5x107Lmol-

1cm-1 and Sandell′s sensitivity 1.0x10-5. Analytical parameters were optimized and successfully applied to 

the determination of quizalofop-p-ethyl in various samples. The method shows a linear range from 2-18 

µg mL-1. The percent recovery for determination of quizalofop-p-ethyl in commercial formulations was 

found to be 89.35-106.57 %. The limit of detection and quantification was found to be 0.188 µg mL-1 and 

0.571µg mL-1respectively. 

Key Words: Pesticides, Quizalofop-p-ethyl herbicide, Vegetables, UV–Vis spectrophotometer, charge 

transfer complex. 
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SPECTROPHOTOMETRIC DETERMINATION 

OF TRICHLORFON INSECTICIDE AND ITS 

APPLICATION IN AGRICULTURAL AND 

ENVIRONMENTAL SAMPLES 
1Chhaya Bhatt, 2Anushree Saha, 3Suryakant Manikpuri and 4Manish Kumar Rai 

 1,2,3Research Scholar, 4Professor 
1,2,3,4School of Studies in Chemistry 

1,2,3,4Pt. Ravishankar Shukla University, Raipur-492 010 Chhattisgarh, India 

Abstract:  A spectrophotometric method has been developed based on the modification of the Fujiwara reaction for the 

determination of trichlorfon at ppm level. Trichlorfon on its alkaline hydrolysis gives chloroform, which react with pyridine to 

produce pink color. In the present method the pink color acquired in the preceding reaction is discharged with a few drops of acetic 

acid, followed by the addition of p-nitro aniline reagent, which produces a yellow color dye. The absorption maxima of the yellow 

color dye formed is measured at 430 nm. Beer’s law is obeyed in the range of 2.0-5.0 µg/10 mL of Trichlorfon. The molar 

absorptivity of the colored system is 4×10-5 L mol-1cm-1 and Sandell’s sensitivity is 0.20×107 µg cm-2.  This method is free from 

interference by other pollutants and can be successfully applied for the determination of trichlorfon in various environmental 

samples. 

 

Index Terms - Pesticide, Trichlorfon, Detection Techniques, Environmental Samples. 

I. INTRODUCTION 

 

Pesticides are organic toxic compounds used against a wide range of pests that can enter the food chain through a variety of routes, 

creating health issues in both human and animals. Varieties of ailments are caused due to pesticide exposure [1]. These have been 

widely utilized to prevent or reduce damage caused by pests, weeds, and illnesses, so benefiting agricultural manufacturing. These 

are used by farmers in the agriculture industry for crop protection, pre- and post-harvesting. Pesticide use is expected to protect 

roughly 30% of global agricultural production. [2]. Organophosphate insecticides have significantly increased agricultural output. 

These are commonly employed in pre and post harvest treatments to combat fruit and vegetable diseases [3]. Because pesticides 

are among the most dangerous chemical industry products, there is a high demand for disposable, low-cost, and simple monitoring 

instruments [4].  

Organophosphate pesticides have been widely used in recent decades. Apart from agricultural benefits, OPs have negative 

toxicological consequences on both animal and human populations [5]. Neurotoxins derived from organophosphates are amongst 

the most dangerous chemicals known. These chemicals have been extensively utilized in modern agriculture as pesticides and 

insecticides, as well as chemical warfare agents in terrorist attacks or military operations [6]. Trichlorfon [O,O-dimethyl-(2,2,2-

trichloro-1-hydroxyethyl)-phosphonate] is an organophosphate insecticide that is used to combat cockroaches, crickets, silverfish, 

bedbugs, cattle grubs, flies, ticks, leaf-miners, and leaf-hoppers [7]. It is crucial for the non-destructive and quick detection of 

trichlorfon insecticide in fruits, because of the intricacy of the matrix found in vegetables, particularly spicy foods, determining 

tiny levels of trichlorfon is difficult. [7,8]. However, it is toxic to humans via ingestion and dermal absorption and has the potential 

to cause tumors, genetic mutations and to affect the reproductive system. Trichlorfon is an organophosphorus ester insecticide that 

is mildly toxic. Overexposure from manufacturing or use, as well as accidental or purposeful intake, can result in serious 

poisoning. Trichlorfon is unlikely to constitute a hazard to persons who are occupationally exposed if acceptable work practices, 

hygienic measures, and safety precautions are followed. Despite its severe toxicity to non-target arthropods, trichlorfon has been 

utilized with few or no detrimental impacts on environmental creature populations.  Trichlofon has very strong dermal and 

inhalation effects. It is poisonous to humans and other warm-blooded animals. The oral LD50 for rats is 630 mg kg–1. 

Organophosphate pesticide poisoning has been a major cause of concern around the world due to its severe effects on the nervous 

and reproductive systems of living beings [9]. For agricultural and domestic application, several organophosphorus pesticide 

formulations are available. Every year, our laboratory receives reports of these insecticides being misused in a number of poisoning 

instances, including suicide and homicide. Because of the extensive usage of these insecticides, a simple and specific method of 

detection is required [10]. The detection of human beneficial substances, contaminants as well as pollutants from environmental 

samples is very necessary and many researchers have reported their work in these regards [11-13]. Previously, a method that 
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SPECTROPHOTOMETRIC DETERMINATION OF ACEPHATE WITH 4-

AMINOAZOBENZENE AND ITS APPLICATIONS 

 

Harshita Sharmaa*, Arun Kumar Mishraa* , Manish Kumar Raib  

aDepartment of chemistry, Government Nagarjuna Post Graduate College of science, Raipur-492010, 

Raipur (Chhattisgarh)  

bSchool of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur (Chhattisgarh), 492010, 

India. 

*corresponding author Email: amishranh3@gmail.com; harshitasharmachem23@gmail.com 

 

Abstract: A simple and sensitive method for the determination of acephate, a widely used insecticide is 

describe here which is based on diazotization followed by coupling with 4-aminoazobenzene. The 

absorbance maxima of the coloured compound formed is measured at 460 nm. Beer’s law is obeyed over 
the concentration range of 4 µg-12 µg acephate in solution of 25 ml. Acephate belongs to a category of 

insecticides known as organophosphates, which are toxic and environmentally polluted compounds. The 

Standard deviation and relative standard deviation are 0.006 and 1.01%. The molar absorptivity and 

sandell’s sensitivity were found to be 1.17×103 and 1.0081×10-5 µg cm-2, respectively. The method is 

highly reproducible and has been successfully applied for determination of acephate insecticide in 

environmental and agricultural samples.  

 

Keywords: Spectrophotometer, acephate, Organophosphate pesticide, environmental samples. 
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A B S T R A C T   

A new sensitive spectrophotometric method for the determination of glyphosate herbicide in environmental and 
agricultural samples is developed. The reaction is based on diazotization followed by coupling of glyphosate with 
p-dimethyl amino benzaldehyde. The resulted complex absorption spectra was observed at λmax = 420 nm. The 
effects of other metal ions and pesticides were also tested for selective determination of glyphosate. The 
analytical parameters were optimized and have been successfully applied for determination of glyphosate in 
various environmental samples such as soil, water and vegetables. This method has a lower limit detection of 6 
μg of glyphosate. Beer’s law is obeyed over the concentration range of 6.0 μg–24.0 μg glyphosate in 25 mL of the 
昀椀nal solution at 420 nm. The standard deviation and relative standard deviation calculated are 0.0055 and 
1.023, respectively. The molar absorptivity of the colored system is 1.91 × 1010 L mol−1cm−1 and Sandell’s 
sensitivity is found 0.408 × 10−5 μg cm−2. The proposed method is simple, sensitive, highly reproducible and 
time saving as compare to those complicated time consuming methods.   

1. Introduction 

Glyphosate N–(Phosphonomethyl) glycine is a biocide and herbicide 
with broad spectrum activity that was used in agricultural 昀椀elds in 1974 
for weed control [1]. Herbicides based on glyphosate became available 
in 1974 and 昀椀rst marketed as round up, these days it is extensively used 
broad spectrum herbicide. In 2017, state members of the European 
union gives the re-approval of glyphosate for 5 years and was preceded 
through intense analysis and discussion that came to light as a conse-
quences due to its impact on ecosystems its potential carcinogenicity, 
poorly understood fate in environment and human exposure [2,3]. In 
the urban areas glyphosate is the second most used herbicide and at 
present it is the most extensively used herbicide in the agricultural sector 
[4]. The chemical structure of glyphosate is small in size it has three 
functional groups which is polar (carboxyl, amino, phosphonate) 
because of that it is heavily retained on soil mineral compounds [5]. 

Glyphosate products are utilized 昀椀rstly before plating of traditional 
agricultural crops and after planting of genetically modi昀椀ed glyphosate 
resistant crops. Progressively, glyphosate have been applied for 

desiccation as a “harvest aid”. Additionally, they have been extensively 
used between trees in groves and orchards. Also it is used for weed 
control in urban areas along parks and streets. It has also been utilized in 
waterways to remove aquatic plants. In 2021, about 700,000 tons of 
glyphosate were used worldwide and 127,000 tons in USA. At present 
glyphosate is widespread utilize for agricultural production both in 
developing and industrialized countries. Because of the broad and 
intensive application of glyphosate and its accumulation in environment 
and its edible products various major concerns came to light in recent 
years about ill effects of glyphosate on animals, plants, human health 
and AMPA for water and soil quality [6]. 

Various adverse effect of glyphosate including mutagenesis, terato-
genesis etc. are the most carcinogenic [7–12]. In 2015, the World Health 
Organization re-categorizes the herbicide glyphosate as carcinogenic to 
human [6]. Therefore for environmental point of view, by understand-
ing adsorption of this herbicide is eminent for the prediction of its 
movement in aquifers and soil. So, it is very important to determine its 
residues on environmental samples for monitoring health hazard and 
pollution [13]. Different analytical methods have been reported for the 
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A B S T R A C T   

A new sensitive spectrophotometric method for the determination of glyphosate herbicide in environmental and 
agricultural samples is developed. The reaction is based on diazotization followed by coupling of glyphosate with 
p-dimethyl amino benzaldehyde. The resulted complex absorption spectra was observed at λmax = 420 nm. The 
effects of other metal ions and pesticides were also tested for selective determination of glyphosate. The 
analytical parameters were optimized and have been successfully applied for determination of glyphosate in 
various environmental samples such as soil, water and vegetables. This method has a lower limit detection of 6 
μg of glyphosate. Beer’s law is obeyed over the concentration range of 6.0 μg–24.0 μg glyphosate in 25 mL of the 
昀椀nal solution at 420 nm. The standard deviation and relative standard deviation calculated are 0.0055 and 
1.023, respectively. The molar absorptivity of the colored system is 1.91 × 1010 L mol−1cm−1 and Sandell’s 
sensitivity is found 0.408 × 10−5 μg cm−2. The proposed method is simple, sensitive, highly reproducible and 
time saving as compare to those complicated time consuming methods.   

1. Introduction 

Glyphosate N–(Phosphonomethyl) glycine is a biocide and herbicide 
with broad spectrum activity that was used in agricultural 昀椀elds in 1974 
for weed control [1]. Herbicides based on glyphosate became available 
in 1974 and 昀椀rst marketed as round up, these days it is extensively used 
broad spectrum herbicide. In 2017, state members of the European 
union gives the re-approval of glyphosate for 5 years and was preceded 
through intense analysis and discussion that came to light as a conse-
quences due to its impact on ecosystems its potential carcinogenicity, 
poorly understood fate in environment and human exposure [2,3]. In 
the urban areas glyphosate is the second most used herbicide and at 
present it is the most extensively used herbicide in the agricultural sector 
[4]. The chemical structure of glyphosate is small in size it has three 
functional groups which is polar (carboxyl, amino, phosphonate) 
because of that it is heavily retained on soil mineral compounds [5]. 

Glyphosate products are utilized 昀椀rstly before plating of traditional 
agricultural crops and after planting of genetically modi昀椀ed glyphosate 
resistant crops. Progressively, glyphosate have been applied for 

desiccation as a “harvest aid”. Additionally, they have been extensively 
used between trees in groves and orchards. Also it is used for weed 
control in urban areas along parks and streets. It has also been utilized in 
waterways to remove aquatic plants. In 2021, about 700,000 tons of 
glyphosate were used worldwide and 127,000 tons in USA. At present 
glyphosate is widespread utilize for agricultural production both in 
developing and industrialized countries. Because of the broad and 
intensive application of glyphosate and its accumulation in environment 
and its edible products various major concerns came to light in recent 
years about ill effects of glyphosate on animals, plants, human health 
and AMPA for water and soil quality [6]. 

Various adverse effect of glyphosate including mutagenesis, terato-
genesis etc. are the most carcinogenic [7–12]. In 2015, the World Health 
Organization re-categorizes the herbicide glyphosate as carcinogenic to 
human [6]. Therefore for environmental point of view, by understand-
ing adsorption of this herbicide is eminent for the prediction of its 
movement in aquifers and soil. So, it is very important to determine its 
residues on environmental samples for monitoring health hazard and 
pollution [13]. Different analytical methods have been reported for the 
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A B S T R A C T

In the present study, we have synthesis the azo dye for the reaction of p-amino antipyrine with HCl in NaNO2

solution a 1:1 M ratio that was kept -5�C for 1–2 h, as result the absorption spectra observed at λmax ¼ 460 nm.

Beer’s law is obeyed over the awareness variety of 1 μg–100 μg mL-1. The standard deviation and relative well-

known deviation are 0.007 and 1.38%. The molar absorptivity and Sandell's sensitivity had been located to be

0.98 � 105 L mol-1 cm-1 and 0.99 � 10-3 μg cm-2, respectively. Spectroscopy method used for the detection of

Acephate pesticides on vegetable, fruit, soil, and water samples. FTIR method was used to consider and achieve

structural information about the presented intermolecular interactions for vegetable samples. The eco-friendliness

of the developed methods was assessed using the spectroscopy analytical tool on vegetables, fruit, soil, and water

samples.

1. Introduction

In recent decades, the increase in the world’s population per years

which has been led to the rise in global pesticide consumption. Acephate

(AP) is a commercially available andwater-soluble insecticide, belongs to

the phosphoramidothioate group of organophosphate (OP). Acephate

(C4H10NO3PS) his IUPAC name is N[methoxy(methylsulfonyl)phos-

phoryl]acetamide) is a common foliar OP, used in India. Acephate is well

known for its anti-cholinesterase activity in insects and mammals. It is

considered one of the safest OP insecticides because its low mammalian

toxicity, with a lethal dose (LD50) of 360 mg/kg in mice and 900 mg/kg

in rats, [1,4,5,7,20]. [21,57]. For more than 40years, the usage of OP

pesticides in agricultural practice is common [2,3,6,22,27,30]. After the

acephate is applied to plants, it is absorbed the roots or foliage the plant

and transferred into the plants [33,34]. When chewing and sucking in-

sects feed on those plants, the acephate attacks the nervous system of

insects and kills them. However, acephate has high to medium acute oral

or medium inhalation toxicity to mammals. It will hurt the nervous and

respiratory system, and cause eye and gastrointestinal problems in

humans [9,12,13,15,23,26,28,29,31]. It controls insects through contact

and stomach action. Acephate insecticide is easily soluble in water and

uptaken by the plant which helps in controlling from feeding by insects

[8,10,11,32,35,39,58].Since AP has very good solubility in water, it was

not possible to extract in with organic solvent (OP) insecticides [14,19,

40,42,59]. Reversed Phase Column Liquid Chromatography [16,17,43].

Single Drop Microextraction [24,44]. High-Performance Liquid Chro-

matography (HPLC) [60], Solid-Phase Micro-Extraction (SPME) [18,25,

36]. Thin layer chromatography-spectrophotometric method [61]

Solid-phase extraction (SPE) - high-performance liquid chromatography

(HPLC) [62], Spectrophotometric method [26,37,38,41,60], etc.

The removal of pesticides from water and waste water by using

spectrophotometric method. Pesticides may appear as pollutants in water

sources, having undesirable impacts to human health because of their

toxicity, carcinogenicity, and mutagenicity or causing aesthetic problems

such as taste and odors [67–72]. [45,73]. reported spectrophotometric

method for the study of organophosphorus insecticides i.e., malathion,

dimethoate, and phorate. The method is based on the oxidation of

organophosphorus pesticide with N-bromosuccinimide (NBS) The

method has been successfully applied for the determination of organo-

phosphorus pesticide residues in various vegetable samples [46].
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A B S T R A C T

A large variety of pesticides have been used in the agriculture area to raise the quality, extend and yield storage

life of crops. The nonstop uses of these pesticides have resulted in pollution of the environment and also caused

risk to human health. For the rapid detection of selective CBFpesticide, we developed a simple and sensitive

colorimetric detection method based on azo-coupling reaction. After a simple pre-treatment of carbofuran (2, 2-

dimethyl-2, 3-dihydro-7-benzofuranyl N-methyl carbamate) (CBF) (1000 μg mL�1) with a diazotized solution, the

resulting is rapidly undergoing azo-coupling reaction with p-aminoantipyrine (1% alcoholic) with a dramatic

color change only in few minutes. Finally, we successfully applied the concentrations of CBF pesticide on vege-

table, fruit, soil, and water samples in the presence of natural interferences using UV–Vis spectrophotometer and

FTIR with limits of detection at 0.004μgmL�1. CBF had recoveries in the range of 93–98%, with relative standard

deviation values less than 2% and good linearity was achieved with r � 0.98. The inhibition rate was linear with

CBF concentration in the range of 1μgmL�1 to 10μgmL�1. The proposed method applies to analyze CBF pesticide

in real samples. FTIR technique was used to consider and gain structural information about the existing inter-

molecular interactions for vegetable samples.

1. Introduction

Pesticides play a crucial role in crop management as well as in agri-

culture productivity. Carbamate pesticides are being gradually more used

in the protection of crops over the last four decades, because of their high

pesticide efficiency and extensive spectrum in environmental activities

[1,2]. The use of these pesticides in fruits, vegetables, and cereal poses a

serious risk to humans, as they are often used in the manufacturing of

crops [3]. CBF(2, 2-dimethyl-2, 3-dihydro-7-benzofuranyl N-methyl

carbamate) is a very toxic carbamate used in agriculture as an insecticide

[4]. Although forbidden in the United States (US) because of its toxicity

as it is widely used in numerous crops such as wheat, soybeans, peanuts,

potatoes, cabbage, maize, rice, tomatoes, lettuce, grapes, corn and to-

bacco to control insects, nematodes, and mites [2,5,6].The excessive use

of CBFmay cause several health effects such as vomiting, sweating, tu-

mors, fasciculation, dyspnea, abdominal cramps, blurred vision, exces-

sive salivation, respiratory failure generalized muscle, diarrhea, and

death [4,7].Different analytical methods such as high performance liquid

chromatography [8], gas chromatography-mass spectroscopy [9], sur-

face Plasmon resonance (SPR) [9], tandem diode array–fluorescence

[10],gas chromatography [11],multi-walled carbon nanotubes [12],

liquid chromatography with UV detection [13], fluorescence [14], mass

spectrometry [15], tandem mass spectrometry [16], Solid-liquid extrac-

tion [17], Liquid-liquid extraction [18], solid-phase extraction (SPE) [19,
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Abstract 

Metal-based nanoparticles (NPs) have recently been accomplished a great attention worldwide, in various sectors includ-

ing agriculture due to their benefcial impacts in plant growth, development and stress tolerance. However, it shows dose-

dependent response and may vary with type of metal and synthesis procedure followed. Among many, silver nanoparticles 

(AgNPs) are most frequently used NP in agricultural sector. In the present study, AgNPs were synthesized following both 

green (gAgNP) and chemical (cAgNP) synthesis processes, characterized by standard methods and were applied to artifcially 

aged Cicer arietinum seeds. Initial characterization of synthesized NPs was done by UV–Visible spectroscopy, and concentra-

tions were calculated as 2.7 nmol for gAgNP, while, 5.8 nmol for cAgNP. Furthermore, the presence of diferent functional 

groups in synthesized AgNPs was evaluated by fourier transform infrared spectroscopy (1000 and 4000 cm21). However, 

the particle size of synthesized AgNPs was estimated by dynamic light scattering/ zetasizer (90–120 nm) and transmission 

electron microscopy (15–60 nm). Synthesized NPs were then assessed for their ameliorative eociencies against accelerated 

ageing-induced injuries in Cicer arietinum seeds. Experimental results revealed various physiological and biochemical 

alterations due to accelerated ageing in seeds of Cicer arietinum including the over accumulation of reactive oxygen species 

and consequent decline in the expressions/ activities of key defensive genes. However, exogenous application of AgNPs 

provided tolerance against ageing-induced damages by compensating the cellular redox homeostasis via up-regulating the 

levels/ gene expression of antioxidants in Cicer arietinum.
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Abstract

To utilize the nanomaterials as an effective carrier for the drug delivery applications, it is important to study the interaction

between nanomaterials and drug or biomolecules. In this study GSH functionalized Mn2+-doped CdTe/ZnS QDs has been

utilized as a model nanomaterial due to its high luminescence property. Folic acid (FA) gradually quenches the FL of GSH

functionalized Mn2+ − doped CdTe/ZnS QDs. The Stern-Volmer quenching constant (Ksv), binding constant (Ks) and effective

quenching constant (Ka) for the FA-QDs system is calculated to be 1.32 × 105 M−1, 1.92 × 105 and 0.27 × 105 M−1, respectively

under optimized condition (Temp. 300 K, pH 8.0, incubation time 40 min.). The effects of temperature, pH, and incubation time

on FA-QDs system have also been studied. Statistical analysis of the quenched FL intensity versus FA concentration revealed a

linear range from 1 × 10−7 to 5.0 × 10−5 for FA detection. The LOD of the current nano-sensor for FA was calculated to be

0.2 μM. The effect of common interfering metal ions and other relevant biomolecules on the detection of FA (12.0 μM) have also

been investigated. L-cysteine and glutathione displayedmoderate effect on FA detection. Similarly, the commonmetal ions (Na+,

K+, Ca2+ andMg2+) produced minute interference while Zn2+Cu2+ and Fe3+ exert moderate interference. Toxic metal ions (Hg2+

and Pb2+) produced severe interferences in FA detection.

Keywords Mn2+ − doped CdTe/ZnSQDs . Detection of folic acid . LOD . Fluorescence quenching

Introduction

Folic acid (FA) is an essential biomolecule comprised of a

pterin heterocycle, a p-aminobenzoyl moiety, and of L-

glutamic acid. FA, also known as folate, folacin, or vitamin

B9, can advance the red platelets and is recognized as an anti-

anemia element [1]. Due to essential role of folate in DNA

biosynthesis, requirements for this vitamin rises significantly

during rapid cell growth of the embryo [2]. In vivo, FA is

reduced on the pterin ring at 5, 6, 7 and 8th positions by

dihydrofolate reductase to produce biologically active

tetrahydrofolate (THF) [3]. THF and its subordinates are co-

factors in single carbon exchange reaction and are required in

the biosynthesis of purines, thymidylate, and various amino

acids [4, 5]. Human unable to produce folate denovo and

depend completely on their diet to avail this vitamin [6].

Folate nutritional status is reliant on intake with food and

supplements, and on the bioavailability of the different

ingested forms [7]. Since FA is crucial for the proper func-

tioning of various physiological processes in humans, it is

vital to design simple, selective and sensitive techniques to

detect folic acid in biological system.

During the previous decades, semiconductor nanocrystals

(quantum dabs, QDs) have gained incredible interest because

of their exceptional optical and electronic properties, originat-

ing from their substantial surface-to volume ratio and confine-

ment effect, and have demonstrated to be promising in various

applications including biological markers [8–14], light-

emitting diodes [15, 16] or solar cells [17]. One essential sub-

group of QDs are those doped with a small extent of dopants

to change their optical, electronic and magnetic properties for

different desired applications [18–20]. These doped QDs
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ABSTRACT: Nitrogen-doped carbon quantum dots (N-CQDs)
were synthesized by hydrothermal treatment of citric acid and
triethylamine. The fluorescence resonance energy transfer (FRET)-
based fluorescence “switch-oû−on” of N-CQD (energy donor) in
the presence of MnO2 nanowires (energy acceptor) has been
successfully applied to fabricate a fluorometric probe for detection
of cholesterol (ChO), glutathione (GSH), acetylcholinesterase
(AChE), and chlorpyrifos. MnO2 nanowires (MnO2 NWs)
signiücantly quenched the blue fluorescent emission of N-CQDs
by the phenomenon of FRET. The redox reactions of MnO2 with
H2O2 and thiolated compounds resulted in the decomposition of
MnO2 nanowires (brown) to give Mn2+ ions (colorless), which
induced the fluorescence recovery of N-CQDs (turn-on). The
interruption of the FRET phenomenon of N-CQD−MnO2 NW composites by the produced H2O2 from the reaction of cholesterol
oxidase in the presence of cholesterol, and thiocholine from the reaction of acetylthiocholine in the presence of acetylcholinesterase,
causes FL recovery of N-CQDs. The inhibition of AChE by chlorpyrifos induces FL quenching (turn-oû) of N-CQD−MnO2 NW
composites. The decomposition of MnO2 NWs into Mn2+ in the presence of glutathione resulted in the subsequent FL recovery of
N-CQDs. The sensing system shows a sensitive response to cholesterol, glutathione, and chlorpyrifos pesticide, giving LODs and
LOQs of 4.89 nM, 7.52 nM, 0.01 μM and 14.83 nM, 22.80 nM, 0.03 μM, respectively. The practical applicability of the proposed
probe has been veriüed by detecting the ChO and GSH in human plasma with satisfactory results.

KEYWORDS: N-CQDs, MnO2 nanowires, cholesterol oxidase, cholesterol, glutathione, acetylcholinesterase, chlorpyrifos

1. INTRODUCTION

Currently, most research studies have been focused on the eco-
friendly synthesis and optical, electronic, and biochemical
applications of N-CQDs.1−4 The doping of nitrogen into
carbon frameworks through bottom-up strategies has shown
excellent performance in many areas, i.e., biosensing5 and
bioimaging.6−8 The stabilization of the exciton of the CQDs by
passivation of surface-active sites through nitrogen doping can
eûectively improve their emission properties, low toxicity, and
high stability. The photoluminescence quantum yield of the N-
doped CQDs is much larger than that of undoped CQDs.9,10

Signiücant attention has been paid to the development of N-
CQD-based assays for fluorescence turn oû−on sensing and
detection of biomolecules, i.e., acid phosphatase,11 thiol-
containing compound,12,13 acetylcholinesterase,14 uric acid,15

ascorbic acid,16,17 peroxidase,18 glucose,19 alkaline phospha-
tase,20 and aflatoxin B1.

21 Phyto-derived N-CQDs have also
been used for degradation of safranin-O dye.22

The fluorescence resonance energy transfer (FRET)
phenomenon between donor and acceptor molecules has
been widely studied because of the conjunction of quantum

dots and nanomaterials with biomolecules for the construction
of absolute sensors. The FRET induced by nanomaterials such
as silver nanoparticles,23 gold nanoparticles,24 g-C3N4,

25 and
molybdenum sulüde26 has been used for fluorescence sensing
and detection of numerous analytes.27,28 Recently, Yan et al.29

developed the MnO2 nanosheet-carbon dots sensing platform
for determination of organophosphorus pesticide in the linear
range of 0.05−5 ng mL−1, with a low detection limit of 0.015
ng mL−1. The inner ülter eûect of MnO2 NS/BNQD has been
applied for detection of glutathione with the limit of detection
of 160 nM in the range of 0.5−250 μM.30 The nanowire and
nanorod morphology shows a higher surface area than those of
nanosheets and bulk commercial MnO2.

31,32 With the

Received: September 21, 2021
Accepted: November 15, 2021
Published: November 25, 2021
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ABSTRACT: Nitrogen-doped carbon quantum dots (N-CQDs)
were synthesized by hydrothermal treatment of citric acid and
triethylamine. The fluorescence resonance energy transfer (FRET)-
based fluorescence “switch-oû−on” of N-CQD (energy donor) in
the presence of MnO2 nanowires (energy acceptor) has been
successfully applied to fabricate a fluorometric probe for detection
of cholesterol (ChO), glutathione (GSH), acetylcholinesterase
(AChE), and chlorpyrifos. MnO2 nanowires (MnO2 NWs)
signiücantly quenched the blue fluorescent emission of N-CQDs
by the phenomenon of FRET. The redox reactions of MnO2 with
H2O2 and thiolated compounds resulted in the decomposition of
MnO2 nanowires (brown) to give Mn2+ ions (colorless), which
induced the fluorescence recovery of N-CQDs (turn-on). The
interruption of the FRET phenomenon of N-CQD−MnO2 NW composites by the produced H2O2 from the reaction of cholesterol
oxidase in the presence of cholesterol, and thiocholine from the reaction of acetylthiocholine in the presence of acetylcholinesterase,
causes FL recovery of N-CQDs. The inhibition of AChE by chlorpyrifos induces FL quenching (turn-oû) of N-CQD−MnO2 NW
composites. The decomposition of MnO2 NWs into Mn2+ in the presence of glutathione resulted in the subsequent FL recovery of
N-CQDs. The sensing system shows a sensitive response to cholesterol, glutathione, and chlorpyrifos pesticide, giving LODs and
LOQs of 4.89 nM, 7.52 nM, 0.01 μM and 14.83 nM, 22.80 nM, 0.03 μM, respectively. The practical applicability of the proposed
probe has been veriüed by detecting the ChO and GSH in human plasma with satisfactory results.

KEYWORDS: N-CQDs, MnO2 nanowires, cholesterol oxidase, cholesterol, glutathione, acetylcholinesterase, chlorpyrifos

1. INTRODUCTION

Currently, most research studies have been focused on the eco-
friendly synthesis and optical, electronic, and biochemical
applications of N-CQDs.1−4 The doping of nitrogen into
carbon frameworks through bottom-up strategies has shown
excellent performance in many areas, i.e., biosensing5 and
bioimaging.6−8 The stabilization of the exciton of the CQDs by
passivation of surface-active sites through nitrogen doping can
eûectively improve their emission properties, low toxicity, and
high stability. The photoluminescence quantum yield of the N-
doped CQDs is much larger than that of undoped CQDs.9,10

Signiücant attention has been paid to the development of N-
CQD-based assays for fluorescence turn oû−on sensing and
detection of biomolecules, i.e., acid phosphatase,11 thiol-
containing compound,12,13 acetylcholinesterase,14 uric acid,15

ascorbic acid,16,17 peroxidase,18 glucose,19 alkaline phospha-
tase,20 and aflatoxin B1.

21 Phyto-derived N-CQDs have also
been used for degradation of safranin-O dye.22

The fluorescence resonance energy transfer (FRET)
phenomenon between donor and acceptor molecules has
been widely studied because of the conjunction of quantum

dots and nanomaterials with biomolecules for the construction
of absolute sensors. The FRET induced by nanomaterials such
as silver nanoparticles,23 gold nanoparticles,24 g-C3N4,

25 and
molybdenum sulüde26 has been used for fluorescence sensing
and detection of numerous analytes.27,28 Recently, Yan et al.29

developed the MnO2 nanosheet-carbon dots sensing platform
for determination of organophosphorus pesticide in the linear
range of 0.05−5 ng mL−1, with a low detection limit of 0.015
ng mL−1. The inner ülter eûect of MnO2 NS/BNQD has been
applied for detection of glutathione with the limit of detection
of 160 nM in the range of 0.5−250 μM.30 The nanowire and
nanorod morphology shows a higher surface area than those of
nanosheets and bulk commercial MnO2.

31,32 With the
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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ABSTRACT: A facile paper-based fluorescence sensing and electro-
chemical behavior of CdTe/ZnS quantum dots (QDs) for detection
of methyl paraoxon has been reported. The hydrolytic activity of
alkaline phosphatase (ALP) for methyl paraoxon was observed to
produce p-nitrophenol in the presence of QDs. The fluorescence
quenching of CdTe/ZnS QDs by p-nitrophenol was measured as a
quantitative signal for the detection of methyl paraoxon. A paper
chip-based sensor has been developed by deposition of CdTe/ZnS
QDs into cellulose paper. The significant increase in oxidation
current in the cyclic voltammogram of methyl paraoxon solution in
the presence of ALP is observed using a glassy carbon electrode
(GCE) modified with CdTe/ZnS QDs. The linear relationship
between oxidation and reduction peak currents against concentration
of methyl paraoxon is utilized as a quantitative signal of electrochemical detection of methyl paraoxon. Under optimum conditions,
both fluorescence- and paper-based methods showed a limit of detection (LOD) ≈ 0.65 nM whereas cyclic voltammetry provided a
2-fold higher LOD (1.72 nM) for sensing of methyl paraoxon. Therefore, the present method is a new insight for the rapid,
convenient, and trace amount detection of methyl paraoxon.

1. INTRODUCTION

Inorganic semiconductor quantum dots have been replaced by
organic fluorophores because of their high resistance to
photobleaching and intense light emission with high quantum
efficiency.1,2 In semiconductor quantum dots (QDs), an
increase in the number of confined dimensions yields a
stronger degree of electronic confinement and thus a wider
range of tunability in the bandgap, although exceptions to this
trend have also been reported.3−5 Despite high quantum yields
(QYs), high stability, and bright and photostable capabilities,
their biological applications are limited because cadmium-
based QDs would release toxic Cd2+ when used in the cells or
tissues.6−8 Capping a shell of ZnS can not only decrease the
toxicity of cadmium but also effectively eliminate the surface
dangling bond. Developing a core−shell CdTe/ZnS, with a
CdTe core and a ZnS shell is a suitable approach to solve this
problem.9−11 Apart from the different applications, the
immobilization of CdTe/ZnS QDs with glucose oxidase,12

cholesterol oxidase,13 and organophosphorus hydrolase14 has
been reported to be used for detection of glucose, cholesterol,
and methyl paraoxon, respectively.
Alkaline phosphatase is one of the most essential hydrolyses

and an important biomarker in the diagnosis of various
diseases such as bone disease, liver dysfunction, diabetes,

prostatic cancer, etc.15−17 The abnormal level of alkaline
phosphatase in the human body is a signal for a variety of
disease states, particularly involving in the cirrhosis, nephritis,
rickets, and anemia.18,19 Alkaline phosphatase bound enzyme is
widely distributed in the tissues of living organisms. The
normal level of alkaline phosphatase in human serum is 40−
190 U/L for adults.20,21 Alkaline phosphatase can cause a
dephosphorylation reaction for nucleic acids,22 proteins,23

small molecules, and could be responsible for removal of the
phosphate group of pesticides.24 Methyl paraoxon pesticides
have been widely used in agriculture and could cause serious
health problems for humans even at very low concentrations.25

To date, many methods such as colorimetric,26 capillary
electrophoresis,27 electrochemiluminescence,28 surface plas-
mon resonance,29 and surface enhanced Raman scattering30

have been used for enzymatic detection of methyl paraoxon
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Honeycomb Boron Carbon Nitride as High-Performance Anode
Material for Li-Ion Batteries

Indrapal Karbhal,[a, b] Vikash Chaturvedi,[a, b] Apurva Patrike,[a, b] Poonam Yadav,[a, b] and

Manjusha V. Shelke*[a, b]

Abstract: 3D Porous carbon-based materials are well known

for their excellent mechanical and electrochemical properties

for various energy storage applications including Li-ion

Battery (LIB) anodes. However, their commercial application is

limited due to their low theoretical specific capacity. Heter-

oatom doping in carbonaceous networks proved an efficient

way to modify the surface properties, which considerably

improves the Li intake capacity and Li diffusion in porous

carbon materials. In this work, we have synthesized 3D

honeycomb boron carbon nitride (HBCN) from boric acid,

glucose, and cyanamide. Silica nanoparticles (SiO2 NPs) are

used as structure-directing agents to replicate well-organized

honeycomb structures. HBCN possesses a high specific

surface area (SSA) of ~597 m2g�1, with a uniform porosity

distribution, low charge transfer resistance, and steady Li flux.

When analyzed as an anode material for LIB, HBCN demon-

strated an excellent specific capacity of ~652 mAhg�1 and

408 mAhg�1 at an input current density of 100 mAg�1 and

1 Ag�1 respectively and an energy density of 227 Whkg�1 at

1 C rate in a full cell LIB. These results indicate that the

doping of B and N hetero atoms is significantly advantageous

for LIBs application.

Introduction

The rechargeable Li-ion Battery (LIB) is the most extensively

used energy storage system for consumer electronics applica-

tions due to its compact size, high energy density, and

sufficiently long cycle life.[1] LIBs hold the potential to replace

petroleum as a primary fuel in the automotive sector and are

considered the most promising energy storage system for the

next-generation hybrid electric vehicles (HEVs). The increased

demands of high energy density, high capacity, low weight, low

cost, and longer lifespan are achieved by the vital selection of

electrode materials.[2] Graphite, being the state-of-the-art anode

material for LIB, still faces problems to satisfy the ever-

increasing energy/power density requirements due to its

limited theoretical capacity (372 mAhg�1). Hence, to achieve

high energy demands, significant efforts have been employed

for the development of alternate carbon-based anode chem-

istries, due to their robust architectural stability and superior

electrochemical behavior.[3] Properties, such as unique structural

morphology, large pore volume, excellent mechanical and

thermal stability, less expensive with easier availability, etc.

makes these carbon materials an obvious choice for designing

electrode for LIBs and several other applications.[4-8] Moreover,

systematic doping of heteroatoms like Boron (B), Nitrogen (N),

Phosphorous (P), Sulfur (S), and Fluorine (F) in the carbon matrix

can potentially tune the surface, electronic, and diffusion
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A B S T R A C T   

A stable carbon quantum dots doped with nitrogen (N-CQDs), co-doped with silver (N/Ag-CQDs), and co-doped 
with cerium N/Ce-CQDs were synthesized using hydrothermal method. As-synthesized N/Ag-CQDs and N/Ce- 
CQDs showed high quantum yield compared to N-CQDs. These carbon quantum dots were used as a probe for 
the detection of mercury and captopril. The 昀氀uorescence quenching (turn-off) of N-CQDs, N/Ag-CQDs and N/Ce- 
CQDs was occured with the addition of Hg2+ ion. On the other hand, captopril showed 昀氀uorescence recovery 
(turn-on) of N-CQDs, N/Ag-CQDs and N/Ce-CQDs which are quenched by Hg2+ ion. The 昀氀uorescence recovery of 
CQDs is due to the high af昀椀nity of thiol group of captopril towards Hg2+ ion to form Hg-S bonds. On the basis of 
昀氀uorescence quenching (turn-off), Hg2+ was determined with low limit of detection of 1.43 nM, 0.93 nM and 
1.38 nM using N-CQDs, N/Ag-CQDs and N/Ce-CQDs, respectively as 昀氀uorescence nanoprobes. The 昀氀uorescence 
turn-on of the CQDs has been applied for the detection of captopril with low limit of detection of 1.65 µM, 0.46 
µM and 1.22 µM using N-CQDs, N/Ag-CQDs, and N/Ce-CQDs respectively. The developed sensing probe showed 
good sensitivity and high 昀氀uorescence ef昀椀ciencies.   

1. Introduction 

In recent years, carbon quantum dots (CQDs) luminescence ef昀椀-
ciency was evaluated in a useful way like heteroatom doping [1–3]. 
Compared with undoped CQDs, non-metallic atom like nitrogen doping 
on CQDs decreases some surface defects, increases their optical prop-
erties and quantum yields. CQDs doped with non-metallic atom (N) in 
combination with either co-doping with metal (Ag+) and rare earth 
element (Ce3+) could provide very bright 昀氀uorescence with good surface 
passivation, resistance to photobleaching and ultra-high photo-
luminescence quantum yields because of excitation energy traps [4–7]. 
The photoluminescence mechanism of heteroatom CQDs or co-doped 
CQDs depends on energy traps and conjugated electronic structure. 
The co-dopant silver (Ag+) is used as biocompatible element with ni-
trogen passivated surface of CQDs, which enables the participation of 
lone pair electron of nitrogen for effectively enhancement of quantum 
yields [6,8–9]. On the other hand silver act as a strong lewis acid which 
has high af昀椀nity for nitrogen donor atom, that could result in formation 

of a stable complex between Ag-N by electron transfer mechanism and 
the outcome was successfully synthesized N/Ag-CQDs. In the N/Ce- 
CQDs, carboxyl group of CQDs can coordinate with Ce3+ in the inter-
stitial state and provide more electrons for the CQDs. Cerium shows high 
stability in Ce3+ state, which protects the 4f energy level from the 
crystalline 昀椀eld and external chemical environment, and is used as an 
antioxidant for biomedical applications [10–14]. The applications of 
single heteroatom doped and co-doped CQDs have been reported for 
detection of drugs like daunorubicin [15], methimazole [16], gemcita-
bine [17], levodopa [18], cisplatin [19], and heavy metal ions like iron 
[20], arsenic [21], mercury [22], lead [23], organic pollutants [24], 
peroxides [25] and copper [26]. 

Mercury (Hg2+) is a toxic heavy metal pollutant and has become a 
serious problem worldwide because of its endanger impact on human 
health [27]. For the sake of human health, it causes serious damage to 
kidney, brain, endocrine system and central nervous system even at very 
low concentration. [28–29] Numerous analytical techniques such as 
colorimetric [30], 昀氀uoremetric [31], electrochemical [32] and surface 
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A B S T R A C T   

A stable carbon quantum dots doped with nitrogen (N-CQDs), co-doped with silver (N/Ag-CQDs), and co-doped 
with cerium N/Ce-CQDs were synthesized using hydrothermal method. As-synthesized N/Ag-CQDs and N/Ce- 
CQDs showed high quantum yield compared to N-CQDs. These carbon quantum dots were used as a probe for 
the detection of mercury and captopril. The 昀氀uorescence quenching (turn-off) of N-CQDs, N/Ag-CQDs and N/Ce- 
CQDs was occured with the addition of Hg2+ ion. On the other hand, captopril showed 昀氀uorescence recovery 
(turn-on) of N-CQDs, N/Ag-CQDs and N/Ce-CQDs which are quenched by Hg2+ ion. The 昀氀uorescence recovery of 
CQDs is due to the high af昀椀nity of thiol group of captopril towards Hg2+ ion to form Hg-S bonds. On the basis of 
昀氀uorescence quenching (turn-off), Hg2+ was determined with low limit of detection of 1.43 nM, 0.93 nM and 
1.38 nM using N-CQDs, N/Ag-CQDs and N/Ce-CQDs, respectively as 昀氀uorescence nanoprobes. The 昀氀uorescence 
turn-on of the CQDs has been applied for the detection of captopril with low limit of detection of 1.65 µM, 0.46 
µM and 1.22 µM using N-CQDs, N/Ag-CQDs, and N/Ce-CQDs respectively. The developed sensing probe showed 
good sensitivity and high 昀氀uorescence ef昀椀ciencies.   

1. Introduction 

In recent years, carbon quantum dots (CQDs) luminescence ef昀椀-
ciency was evaluated in a useful way like heteroatom doping [1–3]. 
Compared with undoped CQDs, non-metallic atom like nitrogen doping 
on CQDs decreases some surface defects, increases their optical prop-
erties and quantum yields. CQDs doped with non-metallic atom (N) in 
combination with either co-doping with metal (Ag+) and rare earth 
element (Ce3+) could provide very bright 昀氀uorescence with good surface 
passivation, resistance to photobleaching and ultra-high photo-
luminescence quantum yields because of excitation energy traps [4–7]. 
The photoluminescence mechanism of heteroatom CQDs or co-doped 
CQDs depends on energy traps and conjugated electronic structure. 
The co-dopant silver (Ag+) is used as biocompatible element with ni-
trogen passivated surface of CQDs, which enables the participation of 
lone pair electron of nitrogen for effectively enhancement of quantum 
yields [6,8–9]. On the other hand silver act as a strong lewis acid which 
has high af昀椀nity for nitrogen donor atom, that could result in formation 

of a stable complex between Ag-N by electron transfer mechanism and 
the outcome was successfully synthesized N/Ag-CQDs. In the N/Ce- 
CQDs, carboxyl group of CQDs can coordinate with Ce3+ in the inter-
stitial state and provide more electrons for the CQDs. Cerium shows high 
stability in Ce3+ state, which protects the 4f energy level from the 
crystalline 昀椀eld and external chemical environment, and is used as an 
antioxidant for biomedical applications [10–14]. The applications of 
single heteroatom doped and co-doped CQDs have been reported for 
detection of drugs like daunorubicin [15], methimazole [16], gemcita-
bine [17], levodopa [18], cisplatin [19], and heavy metal ions like iron 
[20], arsenic [21], mercury [22], lead [23], organic pollutants [24], 
peroxides [25] and copper [26]. 

Mercury (Hg2+) is a toxic heavy metal pollutant and has become a 
serious problem worldwide because of its endanger impact on human 
health [27]. For the sake of human health, it causes serious damage to 
kidney, brain, endocrine system and central nervous system even at very 
low concentration. [28–29] Numerous analytical techniques such as 
colorimetric [30], 昀氀uoremetric [31], electrochemical [32] and surface 
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A B S T R A C T   

A stable carbon quantum dots doped with nitrogen (N-CQDs), co-doped with silver (N/Ag-CQDs), and co-doped 
with cerium N/Ce-CQDs were synthesized using hydrothermal method. As-synthesized N/Ag-CQDs and N/Ce- 
CQDs showed high quantum yield compared to N-CQDs. These carbon quantum dots were used as a probe for 
the detection of mercury and captopril. The 昀氀uorescence quenching (turn-off) of N-CQDs, N/Ag-CQDs and N/Ce- 
CQDs was occured with the addition of Hg2+ ion. On the other hand, captopril showed 昀氀uorescence recovery 
(turn-on) of N-CQDs, N/Ag-CQDs and N/Ce-CQDs which are quenched by Hg2+ ion. The 昀氀uorescence recovery of 
CQDs is due to the high af昀椀nity of thiol group of captopril towards Hg2+ ion to form Hg-S bonds. On the basis of 
昀氀uorescence quenching (turn-off), Hg2+ was determined with low limit of detection of 1.43 nM, 0.93 nM and 
1.38 nM using N-CQDs, N/Ag-CQDs and N/Ce-CQDs, respectively as 昀氀uorescence nanoprobes. The 昀氀uorescence 
turn-on of the CQDs has been applied for the detection of captopril with low limit of detection of 1.65 µM, 0.46 
µM and 1.22 µM using N-CQDs, N/Ag-CQDs, and N/Ce-CQDs respectively. The developed sensing probe showed 
good sensitivity and high 昀氀uorescence ef昀椀ciencies.   

1. Introduction 

In recent years, carbon quantum dots (CQDs) luminescence ef昀椀-
ciency was evaluated in a useful way like heteroatom doping [1–3]. 
Compared with undoped CQDs, non-metallic atom like nitrogen doping 
on CQDs decreases some surface defects, increases their optical prop-
erties and quantum yields. CQDs doped with non-metallic atom (N) in 
combination with either co-doping with metal (Ag+) and rare earth 
element (Ce3+) could provide very bright 昀氀uorescence with good surface 
passivation, resistance to photobleaching and ultra-high photo-
luminescence quantum yields because of excitation energy traps [4–7]. 
The photoluminescence mechanism of heteroatom CQDs or co-doped 
CQDs depends on energy traps and conjugated electronic structure. 
The co-dopant silver (Ag+) is used as biocompatible element with ni-
trogen passivated surface of CQDs, which enables the participation of 
lone pair electron of nitrogen for effectively enhancement of quantum 
yields [6,8–9]. On the other hand silver act as a strong lewis acid which 
has high af昀椀nity for nitrogen donor atom, that could result in formation 

of a stable complex between Ag-N by electron transfer mechanism and 
the outcome was successfully synthesized N/Ag-CQDs. In the N/Ce- 
CQDs, carboxyl group of CQDs can coordinate with Ce3+ in the inter-
stitial state and provide more electrons for the CQDs. Cerium shows high 
stability in Ce3+ state, which protects the 4f energy level from the 
crystalline 昀椀eld and external chemical environment, and is used as an 
antioxidant for biomedical applications [10–14]. The applications of 
single heteroatom doped and co-doped CQDs have been reported for 
detection of drugs like daunorubicin [15], methimazole [16], gemcita-
bine [17], levodopa [18], cisplatin [19], and heavy metal ions like iron 
[20], arsenic [21], mercury [22], lead [23], organic pollutants [24], 
peroxides [25] and copper [26]. 

Mercury (Hg2+) is a toxic heavy metal pollutant and has become a 
serious problem worldwide because of its endanger impact on human 
health [27]. For the sake of human health, it causes serious damage to 
kidney, brain, endocrine system and central nervous system even at very 
low concentration. [28–29] Numerous analytical techniques such as 
colorimetric [30], 昀氀uoremetric [31], electrochemical [32] and surface 
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Abstract

Machine learning tools and techniques play a vital role in the education �eld and real-time applications. Most of the traditional machine

learning models uses static metrics, limited data size and limited feature space due to high computational processing time. In this work,

a hybrid outlier detection and data transformation approaches are implemented on the anomaly databases. In this work, hybrid outlier

detection and data transformation approaches are implemented on the anomaly databases. Proposed data �ltering module is applicable

to high dimensional data size and feature space for classi�cation problem. In the classi�cation problem, an advanced boosting classi�er

is implemented on the �ltered data in order to improve the true positive and error rate. Experimental results are simulated on MOOC

dropout datasets with different feature space size and data size. Simulation results proved that the proposed boosting classi�er has

better error rate and statistical accuracy than the conventional approaches.
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Abstract

The Internet was mainly used to exchange data
packets between users and data servers. Today's
world, the Internet is being used as a means to
exchange data between a variety of small objects
and mobile devices wired together to create the
Internet of Things (IoT). The Internet of Things is a
self-configuring and adaptive infrastructure
consisting of a network of sensors and smart objects
whose aim is to interconnect "all" things, including
everyday objects and industrial objects, in such a
way as to make them intelligent, programmable and
more capable of communicating with humans. These
smart objects operate on very low power and
sources of electricity. In the last few decades, a large
number of research works are done to save energy
in this domain. This paper provides a deep study of
various energy-saving approaches for different
layers of IoT. This paper also provides a comparative
study of various protocols of multiple layers of IoT
available to work on these protocols associated with
the energy optimization techniques.
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Abstract
Massive Open Online Courses (MOOC) is an extensive way of providing online education to the
students all over the world. According to statistics, this educational system has millions of students
enrolled in hundreds of courses across a variety of activities. Since its inception, MOOC has faced a
number of issues, one of which is known as the "student dropout prediction accuracy," which is also a
significant difference between traditional teaching and MOOC. As a result of this fact, MOOC's overall
performance has a negative impact on the true purpose of distance learning. In MOOCs, however, the
gap between course registration and course completion is quite large. On the plus side, emerging
technologies have opened up several opportunities for students to receive education online; however,
due to a variety of factors, the dropout rate of online students is higher than that of traditional school
students. The goal of this study is to better understand and predict the MOOC dropout rate. The
multiple models and evaluation metrics generating variety of results as extracted from literature
review. In this model, a hybrid cluster based feature selection model is implemented in order to
optimize the class prediction. In this model, a hybrid cluster based metaheuristic model is designed
and implemented on the classification problem.
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ABSTRACT 

 

In the Internet of Things (IoT), since battery replacement or recharging in sensor nodes is almost impossible, power 

consumption becomes one of the most important design considerations in the IoT perception layer. For an energy-

constrained network, the clustering algorithm is critical for power conservation. Choosing the cluster head will help 

to balance the load in the network, lowering energy usage and increasing lifespan. This paper focuses on a cluster 

head election scheme that rotates the cluster head role among nodes. To select the next set of cluster heads for the 

network, the algorithm considers initial energy, residual energy, and an optimal value of cluster heads. The proposed 

work has integrated Particle Swarm Optimization (PSO) and Multi-Verse Optimization (MVO) approach with Ant 

Colony Optimization (ACO) based LEACH protocol. According to the simulation review, the updated variant 

outperforms the LEACH protocol by increasing throughput, lifespan, and residual energy. 

 

Keywords: IoT, WSN, Energy Optimization, LEACH, ACO, PSO, MVO.  

 

1. INTRODUCTION 

 

Connected computers and artifacts may exchange data via the internet as part of IoT. An impermeable network that 

detects, monitors, and can be customized via the use of embedded technologies to communicate with one another is 

being developed. With high reliability and performance, the Internet of Things (IoT) offers instant access to 

knowledge connected to every computer (Bandyopadhyay et al., 2011). A basic 3-layer architecture (Zhao et al., 

2013) present in Figure 1, is chosen from the collection of proposed models. This basic IoT architecture consists of a 

perception layer, a network layer, and a layer of an application. This research work mainly focuses on perception 

layer protocol to enhance performance concerning energy optimization.Wireless sensor networks (WSNs) are used 

to monitor and collect data from a specific region by transmitting it via a wireless network connection. WSNs are 

self-organizing, have the ability to quickly grow, and have a dynamic network architecture. In the military, industrial 

surveillance, fine agriculture, and home intelligence they have a broad range of uses. The primary goal of WSN 

routing research is to develop a routing algorithm that is efficient in the use of node energy, hence extending the 

lifespan of the whole network. It is divided into two phases: the setup phase and the steady state phase, according to 

the LEACH adaptive clustering routing method, which is a traditional and low-power adaptive clustering routing 

technique. The data from the network clusters is gathered, analyzed, and transferred during the setup phase, which is 

followed by the steady state phase. No promise can be made that the quantity, energy, and location of cluster heads 

will be distributed uniformly over the field of view. As a result, the cluster heads are picked at random using a 

probability distribution that has been specified (Singh et al., 2017). 
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Abstract - A Wireless Sensor Network (WSN) is made up of several 

inexpensive, low-power, compact sensor nodes that are densely placed 

across the monitoring area. Wireless connection creates a multi-hop 

wireless network system. WSN is particularly well suited for deployment in 

harsh environments and remote monitoring locations that are not suitable 

for personnel. It has significant advantages like a large coverage area and 

broad application prospects in the fields of military, environmental 

monitoring, industrial control, and urban transportation. IoT-enabled 

networks, however, suffer a variety of difficulties because of the enormous 

heterogeneous data generated by many sensing devices, including long 

communication delays, limited throughput, and short network lifetimes. In 

this study, a hybrid cluster-based routing protocol model is suggested that 

makes use of the advantages of both butterfly and particle swarm 

optimization methods. The suggested approach splits the network into many 

clusters and chooses the best node as the cluster leader to exacerbate the 

network's premature demise. The typical cluster-based routing protocols 

PSO and BOA are assessed using simulation results in terms of the quantity 

of alive nodes, throughput, and remaining energy of the nodes. 

Keywords-Butterfly Optimization, Particle Swarm Optimization, Energy 

optimization, Cluster based IoT Routing, Hybrid Routing Protocols. 

1. INTRODUCTION 

  In wireless sensor networks, the energy is consumed when the communication is 

between nodes to nodes and between nodes and base stations, so efficient routing protocols 

have a crucial impact on the performance of the entire network. Clustering routing protocols, 
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NRrhlx<+ ls xzkeh.k etnwjksa ds vYidkfyd mRizokl ij dksfoM&19 dk 
izHkko 

 

lquhy dqekj dqesVh1*] jfoUnz dqekj czEgs2 
1lgk;d izk/;kid] vFkZ’kkL= v/;;u’kkyk] ia- jfo’kadj 'kqDy fo’ofo|ky; jk;iqj] 

NRrhlx<+] HkkjrA 
2izk/;kid ,oa foHkkxk/;{k] vFkZ’kkL= v/;;u’kkyk] ia- jfo’kadj 'kqDy fo’ofo|ky; jk;iqj] 

NRrhlx<+] HkkjrA 
*Corresponding Author E-mail: sunilkumeti.eco@gmail.com 

 

ABSTRACT: 
Hkkjr esa vkfFkZd] vkS|ksfxd ,oa lkekftd fodkl us xzkeh.k {ks= dh tula[;k dks ’kgjksa dh vksj 
izokflr gksus dk ekxZ iz’kLr fd;k gSA ns’k ds dbZ izns’kksa ls yksx dqN ekg ;k fnuksa ds fy, viuk 
?kj NksM+dj vU; izns’kksa esa jkstxkj dh ryk’k esa izokl djrs gaSA bl izdkj ds ekSleh izokl dks 
rduhdh ǹf"V ls ^ldqZys'ku ekbxzs'ku* dgk tkrk gS] D;kasfad ^LFkkukUrj.k* dk vfHkizk; LFkk;h :Ik ls 
viuk ewy LFkku NksM+uk ugha gksrk gSA ns’k esa etnwjksa ds blizdkj ds LFkkukUrj.k dh la[;k djksM+ksa 
esa gSA blds ckotwn ns'k dh vkfFkZd uhfr;ksa esa buds fy, dksbZ vuqdwy O;oLFkk ;k uhfr fuekZ.k 
ugha dh xbZ gSA NÙkhlx<+ izns’k ls Hkh izfro"kZ cM+s iSekus ij vYidkfyd mRizokl gksrk gSA 
NÙkhlx<+ ds xzkeh.k {ks=ksa esa iw.kZdkfyd jkstxkj ,oa y?kq&m|ksxksa ds vHkko ds dkj.k xzkeh.k 
tula[;k dk vYidkfyd mRizokl bruh vf/kd ek=k esa gksrk gS fd mlls {ks= dh vkfFkZd] 
lkekftd ,oa jktuSfrd lfØ;rk ds le{k pqukSrh izLrqr gks xbZ gSA vHkh orZeku esa dksfoM&19 ds 
dkj.k ns’k ds fofHkUu izkarksa ls mRizokflr etnwjksa dks ldq’ky ?kj okilh ,d pqukSrh cu xbZ FkhA 
dksfoM&19 ,oa ykWdMkmu ds dkj.k vkokxeu lqfo/kkvksa ds vo:) gksus ds dkj.k NRrhlx<+ izns’k 
ds le{k Hkh ,d pqukSrh mRizokflr etnwjksa dks vius ewy fuokl LFky dh vksj ldq’ky okilh dh 
FkhA ftldk lek/kku jkT; ljdkj us vius Lrj ij djus dk iz;kl fd;k vkSj izns’k ls mRizokflr 
etnwjksa dks ldq’ky ?kj okilh djok;k x;kA fdUrq bl nkSjku mRizokflr etnwjksa dks dksfoM&19 ds 
fu;eksa ds ikyu ,oa ldq’ky ?kj okilh ds fy, dbZ izdkj dh dfBukbZ;ksa dk lkeuk djuk iM+k gSA 
izLrqr 'kks/k i= mRizokl ds dkj.kksa] mRizokflr etnwjksa dks dksfoM&19 ds dkj.k gksus okyh 
leL;kvksa ,oa Hkfo"; esa mRizokl dh izo`fRr ds v/;;u ls lacaf/kr gSA 
 

KEYWORDS: vYidkfyd mRizokl] xzkeh.k fodkl] jkstxkj] dksfoM&19] mRizokl izo`fRrA 
 
 

INTRODUCTION: 
dksfoM&19 ¼dksjksuk ok;jl½ egkekjh igyh ckj fnlEcj 2019 esa phu ds owgku ’kgj esa igpkuk x;k 
Fkk vkSj /khjs&/khjs ;g egkekjh laiw.kZ fo’o dks izHkkfor fd;kA ekpZ 2020 dks fo’o LokLF; laxBu 
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Abstract 
In the outshine of  globalised world with easy  accessibility  of network connectivity, internet and 
advancement of technology the online business is growing up promptly whether it is B2B, B2C, C2C, 
C2B, B2A or C2A. The online market is now reachable beyond their domestic territories, thus seller 
from online market can easily connect customer to a greater extent through various online business 
platforms. The emerging online market affects the local traditional retail market; they started facing lots 
of fluctuation in their business turnover yearly. The main objective of this research is to analyse and 
know the influence of online market upon biggest and largest traditional retail cell phone market of 
Raipur city of Chhattisgarh. The study is based on primary data collection by directly interviewing the 
owner of traditional cell phone stores through interview schedule. Sample size of 120 from universe has 
been selected by random sampling technique. The data collected has been studied and interpreted based 
on 16 key indicators which shows the impact on traditional cell phone market due to arisen of online 
market. The chi-square test has been performed in the data collected, reveals and concluded that there 
is significant impact of online purchasing on traditional cell phone retailers, the business pattern and 
profit margin has been significantly affected because of growing online market. This empirical analysis 
finds that many traditional stores were unable to gain super profits after deducting the expenses. The 
major effect of online market on traditional business is the discount offered by online stores to catch the 
attention of more customers. Online business also decreased the annual turnover and number of units 
sold of traditional businessmen. This study suggests comprehensive list of practical customer-winning 
ideas, tips and techniques to set business apart and to compete with online market, like traditional retailer 
should, analyze and understand the market forces that affect the consumer's attitude, provide additional 
services like product segmentation, special Offers, lower prices, better service, wider selection, good 
location, or convenient hours, new offers, new items, new prices, special announcements, stronger ads 
and better headlines. 
Key words: Traditional retail market, online market, domestic territory, annual turnover, market forces, 
numbers of units sold, consumers’ attitude.  
 
1. Introduction 
In the emerging globalized market with rapid growth of internet and technology, the competition has 
been continuously increasing between traditional retail stores and online stores. The reaches of online 
stores are beyond domestic territories which penetrate the domestic market of traditional retail stores. 
Online purchasing of product is emerging very fast in rapid way in last two decades. Millions of people 
shop online daily from various online stores. Online shopping allows consumer to directly buy goods 
and services according to their need anytime and anywhere in the world from online stores, due to which 
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Millennium Development Goals: Information and Communication
Technology in Rural Chhattisgarh

Abstract
Information is the key to democracy.

Information empowerment is an instrumental for
a successful democracy. Further the introduction
of information technology (IT) has nurtured the
swift emergence of a global ‘‘Information

Society” that is changing the way people live,

learn, work and relate. In order to achieve the
Millennium Development Goal of; having the
number of people living in extreme poverty by
the year 2015 which is a mile away, information
and communication technology has been more
emphasized. Everyone, the Governments, civil
society, and private sectors have a vital stake in
fostering digital opportunity and putting ICT at
the service of development. Thus, the objectives
of the present paper are to analyse the access to
communication technology in rural Chhattisgarh,
to analyse the access to information technology
in rural Chhattisgarh, to find out the gender-
based access to ICTs in rural Chhattisgarh and
to suggest measures for future implications. The
primary and the secondary data has been used
for the study and the findings shows that all the
80 (100%) sample respondents are not having
access to telephone facility in their locality but
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they are having access to mobiles.  All the 80 males and 80 females have their own personal mobiles.
Further, 42.5% male respondents are having access to internet through mobile while only 37.5%
female respondents are having access to it. Also, the Gender based Information and communication
Technology Index (GICTI) in Rural Chhattisgarh. reflects that Gender based use of information
and communication technology is maximum in Mahasamund districts (0.65); and the tribal district
of Uttar Bastar Kanker has a least score of 0.62. However, the district wise comparison shows that
in both the districts there is a strong positive gender-based information and communication
technology index. Thus, the study concludes that providing accessibility of digital services in the
rural areas is necessary. Also, there is an urgent need to implement effective policies and programmes
for the promotion of the millennium development goals in the rural Chhattisgarh, which further
strengthens the sustainable development targets.
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INTRODUCTION
Before starting the discussion on basic services of

Siliguri city suburb let understand the concept of basic
services. Services like sanitation facilities, drinking water,
electricity, waste management, connectivity education,
health services etc. which required to continue our life
called basic services (Ghosh et al., 1995). We are familiar
with the term Urban Basic Services, because there is lot
of schemes are available in the name of urban services.

In case of urban area there is lot of scheme in the
name of urban basic services. But in the rural area there
is no such define programme. As the suburb of the city
basically comes under the jurisdiction of panchayat so
designated schemes are absent there. Rapid urbanisation
pool people towards city, many times it is notice that
people who cannot afford the residence in city they started
staying city outskirt (Sudhira et al., 2003). On the other
hand those who not want to stay congested area of city
came to the city periphery for the better living condition.

Assessment of Basic Amenities in the Sub-urban Area of Siliguri
Municipal Corporation

UMA GOLE1 AND SUKHENDU JANA*2

1Professor and 2Research Scholar
School of Studies in Geography, Pt. Ravishankar Shukla University, Raipur (C.G.) India

ABSTRACT
Basic Amenities are the most neglected part of the sub urban area. Administrative difference between to civic body
leads to such difference. In this study one attempt has been made to understand the condition of basic amenities of the
area which is located within the four km buffer form the Siliguri Municipality Corporation. Remote sensing and GIS
technique computation of built up has been used to identify the area. Primary database has been generated with the
help of a well-designed schedule cum questionnaire. 422 household has been selected for the primary survey. In this
study it is found that basic amenities of this area is in pathetic condition. SPSS is used for the computation of data and
make the relationship between two variable and excel was used for making the graph and chart. One attempt has been
made to figure out the Satisfaction level of the respondent towards the availability of basic amenities by using the five
point scale. It is found that most of the people are not satisfied with present services.

Key Words : Basic Amenities, Suburb, Primary survey, Siliguri Municipal Corporation
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In both the cases changes took place in the condition of
city periphery (Ramachandra et al., 2013). When this
thing happen intensely it put pressure on the existing
infrastructure of that area (Banu and Fazal, 2016). We
can see many times these area are included with the
main city but at that time there services infrastructure
cannot be changed. The provision of suitable housing with
essential amenities such as water supply, drainage,
connectivity plays a significant role in the economic and
social development goals of less developed nations such
as India (Fazal, 2013).

METHODOLOGY
Area chosen for the survey Selection of the
surveyed village and house hold:

In the first step a buffer of 4 Km from the Siliguri
Municipal Corporation (SMC) boundary has been
created. In the next step built up change of this area
monitored. Primarily growth prone surrounding area has
been demarked. In the next step connectivity and future
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Abstract 

During past four decades, Siliguri city has drew a lot of people. In this four-decade 
Siliguri city convert into an important economic centre of the entire north Bengal, as a 
result land use land cover distribution of the city changed rapidly. This study aims to 
identify the pattern and analyse the urban growth of the city from 1991 to 2021 by 
giving special emphasize on built up growth. The Landsat TM, ETM and LISS 
IV data has been used for determine the built-up growth of the Siliguri city. Modified 
Maximum Likelihood Classifier approach has been adopted to classify the satellite 
image. From the analysis it is found that there is a drastic change in built-up 
1254.54 percent in respect to 1991. The sprawl has been measured using Shannon's 
entropy. These changes are harmful for the ecological balance of the city surrounding. 
It can further influence the city’s sustainable development conditions. 
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Introduction 
 

As per the World Bank report 2009, economic activities of secondary cities provide enormous opportunity to 

change the status of the region which will finally help to the national development (World Bank., 2009). 

Significance of medium sized class 1 cities has been given more importance in this report for the upliftment of 

world economy. The highest population density historically has been found in South and South-East Asia. The fast 

urban population expansion in the last few decades, particularly in the second half of the 20th century, has sparked 

fears of an urban explosion in this area. On the other hand, the population growth of the developed countries 

almost stagnant because they already passed the phase. It is worth mentioning that their rate of urban growth also 

stagnant. Among the Asian countries India and China combinedly share more than 64% of the overall growth of 

urban populations in Asia and in respect to global urban population a massive 42% of urban population growth 

recorded from 2005 to 2025(Sankhe et al., 2011). As per 2011 census India has the second major urban population 

in the world after China with 377 million urban population, by 2031 that is projected to reach 590 million. The 

highest decadal rise in the last hundred years occurred between 2001 and 2011, when 92 million people moved 
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Adoption of New Dimensions in Agriculture and Food Security 

With Special Reference to Jashpur District 

 

 

Dr. (Mrs.) Uma Gole 

 

Abstract 

With the implementation of Green Revolution in the 

1960s Indian Agriculture has seen many reforms 

and developments in terms of land reforms, 

improved seeds, chemical fertilizers, pesticides. The 

crux of agricultural development is ever evolving 

technology and innovations; but its adoption 

depends on information, access, affordability and 

applicability. The implementation of new 

technologies and machinery has not only raised the 

productivity but have also facilitated in the spread 

of agriculture but still there are regions and 

population in need of food aids for their 

sustainment. Present study attempts to recognize the 

adoption of new dimensions in agriculture and its 

relationship with food security with Jashpur district 

as a sample unit.  

 

Keywords: Agricultural Adoption, Food Security, 

Hunger Index, Jashpur District. 

 

Introduction 

Adoption in agrarian context refers to the process by 

which a new idea or technology is implemented in 

practice by the farmers with the sole purpose of 

increasing the quality and quantity of their produces. 

For increase in production and productivity, a type 

of system has been created where by the help of 

agricultural new dimension, methods, investment 

and scientific institutions formed and the techniques 

are applied in it; that can be termed as development 

(S.K. Sharma, 1988). Three-fourth part of the  

population in the world live in rural areas and their 

primary livelihood is agriculture. Hunger and child 

malnutrition is more seen in rural areas as compared 

to the urban areas. Keeping these facts in mind, the 

new agricultural dimension, food security and 

hunger are the important aspects in the Jashpur 

district of Chhattisgarh. 

 
Fig.1 

 

Objectives  

1. To study the indulgence in modern Dimensions 

of Agriculture in the study area. 

2. To analyze the Food Availability and Food 

Security Conditions in Monetary Value through 

the evaluation of Food Production by Tribal 

farmers. 

3. To derive the Hunger Index for the sample 

population.  

 

Sources of Data and Methodology 

Present study is based on primary and secondary 

data. From each of the 8 development blocks
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This paper analyzes the Political & Border tensions and tumultuous relation that India has

with its neighbors. It addresses the historical wars fought by India, and the impact of cold

wars on its foreign policy.
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Intellectual Property Rights in India: Emerging Laws
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Abstract
The article elaborated the background of

emerging law pertaining to to IPR and the also
the legislation that has been made by the
parliament to protect and encourage the same. In
this article author also express the issues relating
to IPR and give the suggestion for the enforcement
of the IPR. Author also discuss the different kinds
of Intellectual property laws.

Key Words
Intellectual, parliament, Enforcement,

Offences, Patent, Copy Rights, Industrial
Design, trademark, Geo-graphical Indication.

Introduction
Intellectual property has progressively

assumed an important role with the speedy pace
of technological, scientific and medical innovation
that we tend to square measure witnessing
nowadays. Moreover, changes within the
international economic surroundings have
influenced the event of business models wherever
intellectual property could be a central part
establishing worth and potential growth. In India
many new legislations for the protection of holding
rights (IPRs) are passed to satisfy the international
obligations underneath the World Trade
Organization Agreement on Trade-Related Aspects
of intellectual property Rights (TRIPS). The
significance of intellectual property may be derived
to the traditional use of stamps on bricks by Roman
brick-makers for the aim of identification, and even
before that once the leaders of the ancient Greek
town of Sybaris granted monopoly for one year
on cooking a delicious dish to its creator.
Obviously, abundant has modified since then with
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ABSTRACT
The Article draws attention towards the

present Constitutional prospective of domestic
violence Act, 2005. This article highlight the
constitutional provisions and provision enshrined
under the Act. The domestic violence is increases
day by day in the present society. In this article
authors also elaborate the Fundamental rights
given to women and also discussed the landmark
judgments relating to domestic violence. At last
the authors also evaluate the Domestic violence
act, 2005.

KEYWORDS
Domestic violence Against Women in

India, Fundamental rights, Constitution of
India, Protection of Women.

INTRODUCTION
Domestic violence is sadly a reality in Indian

society, a truism. In the Indian patriarchal setup, it
became an acceptable practice to abuse women.
There may be many reasons for the occurrence of
domestic violence. From a feminist standpoint, it
could be said that the occurrence of domestic
violence against women arises out of the
patriarchal setup, the stereotyping of gender roles
and the distribution of power, real or perceived, in
society. Following such ideology, men are believed
to be stronger than women and more powerful.
They control women and their lives and as a result
of this power play, they may hurt women with
impunity. The role of the woman is to accept her
‘fate’ and the violence employed against her

meekly.

The Protection of Women from Domestic
Violence Act (or the Domestic Violence Act) is a
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Use of E – Resources by Post Graduate College Students of
Science of Dhamatari Distric, Chhattisgarh: A Study

Author(s):  Dr. Santu Ram Kashyap & Deepa Sahu

Abstract  – This study attempt to know the use of e – resources by post graduate college students of science

of dhamatari district, Chhattisgarh. The main purpose of the study is to know the use of e- resources by the   PG

Students. The study was based on survey method. The study found that the most of the respondents use the

internet daily with 1 – 2 hours.   Where majority 278(78.97%) of the respondents use   e-books, 343 (94.44%)

respondents use e-resources for their study, highest 75 (21.31%) respondents spent 2 - 3 hours on the e-

resources. and the maximum 229 (65.06%) respondents faced the slow downloading problem when they use

electronic resources, and highest 260 (73.86%) respondents are highly satis�ed with e-resources, 69 (19.60%)

are  satis�ed, 13 (3.69%) are not satis�ed and  10 (2.84%) respondents  fairly satis�ed with using e-resources.

Keywords - E–Resources, P.G. Students, Science, Govt. College Dhamtari, Chhattisgarh.
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ABSTRACT:

The present study is an attempt to �nd out the research trends in the �eld of Library and Information

Science of Pt. Ravishankar Shukla University, Raipurchhattiagarh.The study was based on the Ph.D. thesis

awarded in the �eld of Library and Information Science between 1991 to 2020. This study was conducted

to achieve following objectives like most working area of reaserch in this �eld, highest no. of thesis done

under supervisor and highest research productivity between the year 2016 to 2020. In this context, result

found that out of 24 thesis majority of thesis i.e. 07 – 07 were awarded in the area of Bibliometric study

and Information seeking behavior. Highest 10 doctoral thesisawarded under the supervision of Prof. A.K.

Verma. followed by Prof. Maya Verma with 09 Thesis, Dr.Superna Sengupta with 03 thesis and Dr. Md

Imtiaz Ahemed with 02 thesis respectively. The highest research productivity was produced between the

year 2016 to 2020.This study will be bene�cial for the future researcher to conduct their research.
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ABSTRACT:

The aim of this paper is to identify the resources, services and make them accessible that are available at

the Nehru Library, Raipur Chhattisgarh and used by its scientists. The sample for this study consisted of

245 of the 265 agricultural scientists who working at Indira Gandhi Agricultural university, Raipur.

Questionnaires have been used for the collection of data under the scope of the study. The results of the

study indicate that agriculture scientists visited libraries occasionally due to inadequate library resources.

In addition it was found that the majority of agriculture scientists were partially satis�ed with library

resources and services. Indra Gandhi Agricultural University's library offers a variety of electronic

resources and services in conjunction with modern resources. Scientists use the Nehru library for their

studies and research. Electronic based services are proving to be an important service for scientists.

Scientists are satis�ed with the services provided by the library.
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ABSTRACT:

The major objective of this study to compare the use of e -resources by students from Arts, Social Science

and Science stream and compare preferences of the Use of e - resources by students of Arts, Social Science

and Science stream of Raipur city. The study was based on survey method. Among various techniques of

Survey Method, Questionnaire Technique was used for the study. Accordingly a Self structured

questionnaire was designed to collect data from the regular UG and P G students of various college of

Raipur city. The major �ndings of the study shows that The calculated value is �2 (df=2) = 5.32 and Table

value is 5.991 so Ho Hypothesis is Accepted and Ha Hypothesis is rejected it means there are no

Signi�cant difference in Use of e - journals between Students of Arts, social Science and Science Stream.

and e -book was found to be the most preferred e-resource by students of Arts, Social Science and Science

students of Raipur city.
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It is well known that cancer and its treatment produce marked impact on the health-

related quality of life (HRQoL) of cancer patients. Research concerning impact of

chronotype on HRQoL in cancer patients is almost not studied yet, but the interests are

growing in several diseases. Present study was carried out to explore the impact of

socio-demographics, chronotype and consumption of tobacco, alcohol and sleeping

medicine on HRQoL of Indian oncology patients. Self-reported Quality-of-Life
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We studied time-of-day and seasonal variations in the foraging behavior of street cattle

in Raipur city, India. We recorded the foraging behavior of street cattle at 48-time points

each day for over three consecutive days at 10 di�erent locations of Raipur city across

three distinct seasons of the year. We log-transformed the time series data and

employed Single Cosinor to compute the characteristics of time-of-day variation in

foraging activity. We also determined the e�ects of the factors <time-of-day= and
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Abstract

Aim: The present study aimed at evaluating the effects of radiofrequency electromagnetic
radiation exposure on short-interval time estimates in humans living in the vicinity of base
transceiver stations. Methodology: The study was conducted in Phase-1 and Phase-2 with
1281 and 192 subjects, respectively. Four groups with one control were identified in each
phase depending on the distance from the ground-based transceiver stations. The
cognitive ability of the subjects of each group was determined by measuring short-interval
time estimates, namely 10 s, 30 s, and 60 s, with time production and time reproduction
methods using the Interval Clock software (Version 2.2). The electric field strength at each
participant’s house was determined using the Narda Broadband Meter-550 with a probe
EF0-391. Results: ANOVA results demonstrated a statistically significant difference in
electric field strength among different zones around the installations of base transceiver
stations (F4,1274 = 50.071; p<0.001). It was significantly higher in the inter-tower zone
than in all other zones. The prevalence of various clinical problems was higher among the
individuals living in the inter-tower zone. ANCOVA results revealed that the main factors
zone, gender, and year of residence, did not significantly affect any short-interval time
estimates. However, a statistically significant 'time of the day' variation in most of the target
short-interval time estimates with both the methods for all the studied groups, except the
inter-tower zone, was observed. Interpretation: The radiofrequency electromagnetic
radiation emitted from base transceiver stations did not significantly impact the ability to
estimate short-time intervals in humans.

Discover the world's
research

25+ million
members

160+ million
publication
pages

2.3+ billion
citations

No full-text available

To read the full-text of this research,
you can request a copy directly from the authors.

Priyanka Chandel
Pandit Ravishankar Shukla University

Margaret Messiah Singh
Pandit Ravishankar Shukla University

Atanu Kumar Pati
Pandit Ravishankar Shukla University

V.
Choudh

References (34)

Join for free

Request full-text PDF

Recruit researchers Join for free Login

Request full-text Download citation Copy link

5/8/25, 5:05 PM Determination of short-interval time estimates in humans exposed to radiofrequency electromagnetic radiation | Request PDF

https://www.researchgate.net/publication/360319869_Determination_of_short-interval_time_estimates_in_humans_exposed_to_radiofrequency_electr… 1/8

https://www.researchgate.net/journal/Journal-of-Environmental-Biology-2394-0379
http://dx.doi.org/10.22438/jeb/43/3/MRN-1807
https://www.researchgate.net/profile/Priyanka-Chandel
https://www.researchgate.net/profile/Priyanka-Chandel
https://www.researchgate.net/profile/Priyanka-Chandel
https://www.researchgate.net/institution/Pandit-Ravishankar-Shukla-University
https://www.researchgate.net/profile/Margaret-Singh
https://www.researchgate.net/profile/Margaret-Singh
https://www.researchgate.net/profile/Margaret-Singh
https://www.researchgate.net/institution/Pandit-Ravishankar-Shukla-University
https://www.researchgate.net/profile/Atanu-Pati
https://www.researchgate.net/profile/Atanu-Pati
https://www.researchgate.net/profile/Atanu-Pati
https://www.researchgate.net/institution/Pandit-Ravishankar-Shukla-University
https://www.researchgate.net/scientific-contributions/Vivek-Choudhary-57295039
https://www.researchgate.net/scientific-contributions/Vivek-Choudhary-57295039
https://www.researchgate.net/scientific-contributions/Vivek-Choudhary-57295039
https://www.researchgate.net/scientific-contributions/Vivek-Choudhary-57295039
https://www.researchgate.net/publication/360319869_Determination_of_short-interval_time_estimates_in_humans_exposed_to_radiofrequency_electromagnetic_radiation#references
https://www.researchgate.net/signup.SignUp.html
https://www.researchgate.net/
https://www.researchgate.net/scientific-recruitment/?utm_source=researchgate&utm_medium=community-loggedout&utm_campaign=indextop
https://www.researchgate.net/signup.SignUp.html?hdrsu=1&_sg%5B0%5D=8tQzNmqUxYhEL3IUtmCjExLfkBW9gKxI2trbnlLLpqFUf7F16fxVbV2Vqg8zKBMMG_pYDwEMAJF6bw589_6Lkzo_wKo
https://www.researchgate.net/publication/360319869_Determination_of_short-interval_time_estimates_in_humans_exposed_to_radiofrequency_electromagnetic_radiation/citation/download
Hp
Typewritten text
944

Hp
Highlight



O
n
l
i
n
e
 
C
o
p
y

Abstract

Aim:

Methodology:

Results:

Interpretation:

 

 

 

 

The present study aimed at evaluating the effects of radiofrequency electromagnetic radiation exposure on short-interval time estimates in humans 
living in the vicinity of base transceiver stations.

The study was conducted in Phase-1 and Phase-2 with 1281 and 192 subjects, respectively. Four groups with one control were identified 
in each phase depending on the distance from the ground-based transceiver stations. The cognitive ability of the subjects of each group was determined 
by measuring short-interval time estimates, namely 10 s, 30 s, and 60 s, with time production and time reproduction methods using the Interval Clock 
software (Version 2.2). The electric field strength at each 
participant’s house was determined using the Narda Broadband 
Meter-550 with a probe EF0-391.

ANOVA results demonstrated a statistically significant 
difference in electric field strength among different zones around 
the installations of base transceiver stations (F  = 50.071; 4,1274

p<0.001). It was significantly higher in the inter-tower zone than in 
all other zones. The prevalence of various clinical problems was 
higher among the individuals living in the inter-tower zone. 
ANCOVA results revealed that the main factors zone, gender, and 
year of residence, did not significantly affect any short-interval time 
estimates. However, a statistically significant 'time of the day' 
variation in most of the target short-interval time estimates with both 
the methods for all the studied groups, except the inter-tower zone, 
was observed.

The radiofrequency electromagnetic radiation emitted from base transceiver stations did not significantly impact the ability to estimate short-
time intervals in humans.

Key words: Base transceiver station, Electric-field strength, Narda Broadband Meter-550, Radiofrequency electromagnetic radiation, Short-interval 
time estimation.
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Selection of BTS

Categorization of zones 
as a function of distance 
from the BTS

Control Zone-A
Inter-tower

Zone-B
[0-150 m]

Zone-C
[150-300 m]

Zone-D
[300-500 m]

Study level and sample size Phase-1 (n=1281) Phase-2 (n=192)

Determination of dependent
and independent variables

1. Electric field strength
    determination, using Narda
    Broadband Meter-550
2. Biographical data capture
3. Disease prevalence data capture

1. Determination of theta estimates
    (θs) of 10s, 30 s and 60 s time
     intervals, employing both TP and TR
     methods, for each subject using
     interval clock software (v. 2.2).

Findings

The inter-tower-and B-zone had
statistically significantly higher E-field
strength than the other zones,
including the control.

Notwithstanding the time-of-day
variability in the variance of θs, the
main factor, zone did not produce any
statistically significant effects on the θs.
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ABSTRACT: 

Earlier we have found that all plants are capable of absorbing and bioaccumulation of heavy 

metals in their own part in various concentrations, confirmed by using Atomic Absorption 

Spectroscopy (AAS). Rate of absorption and percentage of bioaccumulation varies among the 

species. In earlier study we have selected Corchorus olitorious, Cassea tora, Raphanus 

Sativus, Marsilea quadrifolia and Amaranthus viridis (Prabhas et al., 2018). This study is the 

follow up experiment of Part I and targeting some other leafy vegetable species, on the basis 

of their consumption and popularity among the people of central India. In this experiment we 

have selected Moringa oleifera, Ipomea batatas, Brassica oleracea var. botrytis, Colocasia 

esculenta, Murraya koenigii, Bahunia verigeta. Plant species were grown in the agriculture 

field up to optimum growth. Leaf and edible parts were collected from the plants and air 

dried. Dry matter were used for acid digestion after that quantity of heavy metals can be 

analyzed using Atomic Absorption Spectroscopy (AAS). Total six metal ions including Lead 

(Pb), Cadmium (Cd), Chromium (Cr), Zinc (Zn), Iron (Fe) and Copper (Cu) was targeted in 

this study. Lowest concentration of Pb was found in M. Oleifera (0.041 mg/L) and highest in 

I. batatas and B. Oleracea var. botrytis, Cr was low in M. Oleifera and higher in I. batatas, 

Zn was low in B. Oleracea var. botrytis and higher in C. Esculenta, Fe was lowest in M. 

Oleifera and high in B. Verigeta and Cu was low in  B. Oleracea var. botrytis and higher in I. 

batatas. More or less all these metal ions are necessary for growth of plant. On the other hand 

bioaccumulation of these metals may also cause hazardous effect on human health after 

consumption as food source or medicinal source. 

Keywords: Edible, leafy vegetable, bioaccumulation, consumption, Atomic absorption 

Spectroscopy, high, low, health. 

INTRODUCTION: 

Vegetables, crops and other food resources are cultivated in various types of soil under varied 

environmental conditions. Surrounding edifices always shows significant affect on the 

growth of all kind of living organism including plant, animals, microorganisms and human 

also. Likewise industrial waste released in water sources, dumping of domestic waste in soil 

and water resources, use of pesticides and fertilizers in agriculture field etc. Movement of 
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ABSTRACT: 

There are many factors that can be used to describe the growth outline of the plant. 

Qualitative and quantitative estimation of phyto-chemical composition of the plant’s  can 
directly reflects the growth pattern. These may also reflects the nutraceutical values of the 

plant for human consumption. Selected plant species are leafy vegetables and popular among 

the people of central India. Cultivation of selected plant’s species is carried out in two 
different ways. Traditional method of plant cultivation includes soil based cultivation and 

other is hydroponic technique. In hydroponics, there is no need of soil, liquid media remains 

in direct contact with the seed and root of the plant. Hydroponically grown S. oleracea L 

(1.447 mg/g) was recorded with highest amount of chlorophyll, followed by M. arvensis 

(1.338 mg/g), C. sativum (1.162 mg/g), T. F. graceum L. (1.097 mg/g), C. olitorius L. (1.060 

mg/g), A. viridis (0.917 mg/g) and C. arietinum (0.643 mg/g). On the other hand total 

chlorophyll content in soil cultivated plants was found highest in M. arvensis (1.206) 

followed by S. oleracea L. (1.085), C. sativum (1.046 mg/g), T. F. graceum L. (0.906) ,C 

olitorius L. (0.859 mg/g), C. arietinum (836 mg/g) and A.viridis (0.794). This study may 

reveal the compatibility and acceptance of hydroponics for plant cultivation. Chlorophyll 

content was consistently high in most of the experimental plants cultivated in hydroponic 

system as compared to soil cultivated plants. 

Keyword: Phyto-chemical, neutraceutical, hydroponics, total chrolophyll, protein content, 

carbohydrate, recognize, suitable.   

INTRODUCTION: 

Plant is composed of various type of light capturing pigment like chrolophyll, carotenoid and 

much other type of pigments. Chlorophyll is an important fraction of photosynthetic 

machinery. Amount of chlorophyll directly represent the number of chloroplast in plant cell. 

Richness in chlorophyll molecules is responsible for capturing sunlight and conversion into 

sugar compound. Hence, optimum rate of production of sugar inside plant cell mainly 

depends upon amount chlorophyll molecule. If optimum sugar is produced and stored by 

plant then this will result imitate optimum growth of plant too. It means chlorophyll is an 

important tool which is directly associated with growth of the plant. Chlorophyll is found in 
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ABSTRACT: 

There are many factors that can be used to describe the growth outline of the plant. 

Qualitative and quantitative estimation of phyto-chemical composition of the plant’s  can 
directly reflects the growth pattern. These may also reflects the nutraceutical values of the 

plant for human consumption. Selected plant species are leafy vegetables and popular among 

the people of central India. Cultivation of selected plant’s species is carried out in two 
different ways. Traditional method of plant cultivation includes soil based cultivation and 

other is hydroponic technique. In hydroponics, there is no need of soil, liquid media remains 

in direct contact with the seed and root of the plant. Hydroponically grown S. oleracea L 

(1.447 mg/g) was recorded with highest amount of chlorophyll, followed by M. arvensis 

(1.338 mg/g), C. sativum (1.162 mg/g), T. F. graceum L. (1.097 mg/g), C. olitorius L. (1.060 

mg/g), A. viridis (0.917 mg/g) and C. arietinum (0.643 mg/g). On the other hand total 

chlorophyll content in soil cultivated plants was found highest in M. arvensis (1.206) 

followed by S. oleracea L. (1.085), C. sativum (1.046 mg/g), T. F. graceum L. (0.906) ,C 

olitorius L. (0.859 mg/g), C. arietinum (836 mg/g) and A.viridis (0.794). This study may 

reveal the compatibility and acceptance of hydroponics for plant cultivation. Chlorophyll 

content was consistently high in most of the experimental plants cultivated in hydroponic 

system as compared to soil cultivated plants. 

Keyword: Phyto-chemical, neutraceutical, hydroponics, total chrolophyll, protein content, 

carbohydrate, recognize, suitable.   

INTRODUCTION: 

Plant is composed of various type of light capturing pigment like chrolophyll, carotenoid and 

much other type of pigments. Chlorophyll is an important fraction of photosynthetic 

machinery. Amount of chlorophyll directly represent the number of chloroplast in plant cell. 

Richness in chlorophyll molecules is responsible for capturing sunlight and conversion into 

sugar compound. Hence, optimum rate of production of sugar inside plant cell mainly 

depends upon amount chlorophyll molecule. If optimum sugar is produced and stored by 

plant then this will result imitate optimum growth of plant too. It means chlorophyll is an 

important tool which is directly associated with growth of the plant. Chlorophyll is found in 
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Abstract - Arsenic and Fluoride are very common ground water pollutants, contributed by natural and anthropogenic 

sources leading to serious health effects in both terrestrial and aquatic organisms. The current research was carried out to 

identify the relationship between arsenic and fluoride, using Clarias batrachus (common cat fish) as an experimental 

model.  The study includes seven groups (Group I to VII), one control (Group I) and other six (Group II, III, IV, V, VI, 

VII) exposed to different concentration of arsenic and fluoride individually and in combination. Long term exposure of 60 

days was carried out for each group, with no toxicant added in Group I. Blood samples were collected from each 

experimental group on 60
th

 day and COMET assay was performed to check genotoxicity. Parameters like Head DNA 

percentage, tail DNA Percentage, comet length, tail moment were calculated from comet images. Results revealed 

maximum DNA damage in group V, which was exposed to arsenic alone, concluding arsenic being more toxic than 

fluoride. Also, antagonistic relationship was established between arsenic and fluoride. 

 

Keywords - Arsenic, Fluoride, Clarias batrachus, Genotoxicity 

 

I. INTRODUCTION 

 

Increasing anthropogenic activities are the key to aquatic 

and terrestrial pollution across the globe. Arsenic and 

Fluoride are very common ground water pollutants, 

contributed by both natural and human caused reasons. 

Concurrent occurrence of fluoride and arsenic is 

widespread in many states of India, China, Bangladesh and 

South East Asia. Following their exposure, severe health 

complications arise namely Arsenicosis and Fluorosis, 

respectively [1].   

 

Fluoride gets accumulated in aquatic invertebrates and 

vertebrates, through food and water. Once absorbed, it is 

distributed and accumulated in various organs and body 

parts [2]. The tendency of fluoride accumulation is found 

more in bony tissues than in soft tissues [3]. Fluoride also 

alters numerous hematological parameters [4] and 

interferes with various enzymatic (SOD, Catalase) and 

non- enzymatic activities (GSH, LPO) [5]. It has 

propensity to bind with the DNA molecule and distort its 

normal structure, and also induces generation of free 

radicals, ultimately causing DNA damage [6].  

 

Arsenic, on the other hand is a non essential heavy metal 

which is mainly contributed by coal burning industries [7], 

generally present in its two forms organic and inorganic; 

inorganic being the more toxic one [8]. Aquatic organisms 

get exposed to arsenic through food/dietary sources and 

via water. Arsenic intrudes in the food chain and hence 

has bioaccumulative properties [9]. Accumulation of 

arsenic in fishes takes place in different organs like liver, 

kidney and gills depending upon the source of 

exposure [10]. Arsenobetaine, a water-soluble arsenic 

compound is usually found in marine living beings, which 

affects the organism and also can have adverse effects on 

humans indirectly [11]. Arsenic inhibits various enzyme 

activities involved in DNA repair leading to DNA damage. 

It brings about oxidative stress and free radicals affecting 

DNA and various cellular activites [6].  

 

Contradictory literatures are available for both antagonistic 

and synergistic relationship of fluoride and arsenic. 

However, adverse health consequences of arsenic and 

fluoride exposure individually have been explored more, 

in comparison to their combination effects [12].  

 

The research paper is further described as follows; section 

II mentions about the methods acquired to carry out the 

experiment, section III deals with the finding of the 

research carried out and also the discussion in which our 

results were supported by other researchers. Future scope 

and conclusions are narrated in section IV, followed by 

acknowledgement and finally the references.  

 

II.  RELATED WORK 

 

Research reports are available confirming concurrent 

presence of arsenic and fluoride in various water bodies; 

but a very little work has been explored about the effects 

of both toxicants on aquatic organisms. However, many 

reports are available on rats. Arsenic and fluoride lead to 

increased activities of glutathione peroxidases, SOD & 

catalase, and also reduce levels of glutathione and ascorbic 
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ABSTRACT : Fluoride and arsenic, upon release into the environment, often accumulate rapidly in aquatic habitats and are
taken up by aquatic organisms subsequently entering into the food chain. This study comprises of examining the tissue
distribution of arsenic and fluoride in the freshwater catfish, Clarias batrachus chronically exposed to them in combination.
Fishes were exposed to a range of aqueous arsenic trioxide and sodium fluoride, both individually and in combination, and
sampled at 24, 48, 72 and 96 hours. Levels of fluoride and arsenic in the liver, kidney, bone and blood of Clarias batrachus
demonstrated significantly a direct relationship with the exposure medium. Fluoride level in bone was the highest whereas; the
lowest level was observed in the muscle. Arsenic level in the liver was the highest whereas; the lowest level was observed in the
bone at the end of 96 hours, among all tissues, at the same concentration and sampling time. Impact on behavior was studied in
terms of air gulping, opercular movement, swimming activity, body position and food sensitivity. Control fish remained normal
throughout the experimental period (28 d), but treated fishes were very restless, with loss of equilibrium, and a significant
increase (P<0.01) in the number of opercular movements and air gulping .Our results suggest that elevated levels of fluoride
and arsenic exposure cause bioaccumulation in the fish body, which ultimately may be harmful to humans.

Key words : Bioaccumulation, biotransformation, methylation, biotransformation, TISAB.

How to cite : Gamini Sahu and Aditi Niyogi Poddar (2022) Fluoride and arsenic : Bioaccumulatory potential and their combined

toxic impact on the behavior of freshwater catfish, Clarias batrachus Linn. 1758. J. Exp. Zool. India 25, 435-441. DocID: https:/
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J. Exp. Zool. India  Vol. 25, No. 1, pp. 435-441, 2022 www.connectjournals.com/jez ISSN 0972-0030

DocID: https://connectjournals.com/03895.2022.25.435 eISSN 0976-1780

INTRODUCTION

Civilization and the rapid spread of industrialization

have compelled developing countries to face the crisis of

aquatic pollution. A large number of polluted products,

especially heavy metals are constantly being drained,

untreated into rivers, close at hand. These products readily

get dissolved in water and are the major persistent

elements in aquatic ecosystems. Chromium, lead,

mercury, arsenic and cadmium, rank among the priority

metals and are viewed as systemic toxicants inciting

numerous organ damages, even at lower levels of

exposure (Olsson et al, 1998). They also influence cellular

organelles and various enzymes involved in the metabolic

process, detoxification, and damage repair (Wang and

Shi, 2001). Besides, DNA molecules and nuclear proteins

are also damaged, possibly leading to carcinogenesis or

apoptosis (Beyersmann and Hartwig, 2008). Obviously,

the impact of heavy metals on the aquatic ecosystem is a

global concern (Yousafzai et al, 2008).

In the present scenario, unfortunately, a billion people

in the world are drinking unhealthy water regularly (Borah

et al, 2011). To meet the need for clean drinking water

of these thirsty billions, indiscriminate fracturing of rocks

to dig bore wells has consequently lead  the emergence

of two major public-health problems, viz., groundwater

contamination with excess fluoride and arsenic. The chief

sources of high fluoride in water resources are fluoride-

bearing minerals existing in rocks and soils (Jha et al,
2011).

Aquatic animals are capable of taking up fluoride

directly from water or to a lesser extent through food. In

fish, fluoride may accumulate from the food chain (Shi et
al, 2009). Roughly, 80-90% of the total ingested fluoride

is absorbed from the gastrointestinal tract by passive

diffusion (Whitford, 1996). Fluoride is distributed more

rapidly in well-perfused tissues, such as the heart, lung,
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ABSTRACT : The study aims to assess the preclinical stage of fluorosis i.e. Non skeletal fluorosis in human populations using

a simple blood parameter, Neutrophil Lymphocyte Ratio as a predictive tool and includes different fluorosis categories (Dental,

Skeletal & Non skeletal) surveyed out in the endemic villages and compared with the control population of non endemic area.

Study Populations belonging to endemic villages Kowataal, Fulsar, Mahuapaani, Korbi and Amatikra within the block Podi

uproda, distt. Korba situated in Chhattisgarh state of central India were cross sectionally studied. Segregation was done on the

basis of Suspect (non-symptomatic) and Confirmed (Dental and Skeletal) cases of fluorosis and neutrophil to lymphocyte ratio

calculated. A total 180 individuals were included in the study, out of which 67.33 % were confirmed cases of fluorosis. A

significant decline in neutrophil to lymphocyte ratio was observed upon chronic fluoride ingestion. In the Receiver Operating

Characteristic curve analysis of obtained NL ratios, the overall cut off value for fluorosis was obtained as ≤≤≤≤≤ 2.379 in the selected

endemic region irrespective of symptoms of fluorosis i.e. dental or skeletal. The results concluding that The NL ratio can be

used as a simple parameter for preclinical identification of fluorosis in fluoride exposed populations. However, urine and blood

fluoride analyses of the subjects are also needed for further confirmation.

Key words : Neutrophil lymphocyte ratio, non skeletal fluorosis, ROC, skeletal fluorosis.

How to cite : S. Gupta, A. N. Poddar, C. Kumar and S. Pervez (2022) Receiver Operating Curve (ROC) analysis for fluorosis using

simple blood parameter neutrophil lymphocyte ratio. Biochem. Cell. Arch. 22, 3969-3974. DOI: https://doi.org/10.51470/
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INTRODUCTION

Preceding dental and skeletal fluorosis, some

preclinical changes take place in the blood and body due

to acute or chronic ingestion of fluoridated drinking water

and have been considered under non-skeletal

manifestations. Such manifestations are often overlooked

due to the misconception that fluoride affects only bones

and teeth (Raghuvansi et al, 2010). Fluoride has multiple

effects on human health. A few are characterized by

mineralization changes in the calcified tissues resulting

in dental fluorosis and skeletal deformities. Besides other

metabolic effects, visceral organs like liver and kidneys

are also susceptible to toxic effects of fluoride and

pathological changes in these vital organs can occur even

before overt clinical signs of F intoxication (Shashi, 2002).

Fluoride exposure is also associated with oxidative

damage to RBCs, liver and kidney tissues. Consequent

to oral exposure, fluoride is rapidly absorbed to reach

systemic circulation. In blood, about 75% of it remains

free in plasma and about 5% remains bound to plasma

proteins. The rest of the blood F is found mainly inside

RBCs or with their membrane (Swarup and Dwivedi,

2002). Neurological manifestations, like headache,

insomnia (lack of sleep), lethargy (fatigue), depression,

polyuria and polydipsia have been reported in populations

with endemic fluoride (Sharma et al, 2009). Besides,

skeletal and dental fluorosis, excessive consumption of

fluoride may lead to muscle fiber degeneration, low

hemoglobin levels, excessive thirst, headache, skin rashes,

nervousness, depression, etc (Meenakshi, 2006). Pre

skeletal stage of fluorosis is associated with occasional

complains of pains in small points of limits and back, which

simulate rheumatoid arthritis and ankylosing spondylosis

(Krishna and Kiran, 2013).

In earlier studies (Zahorec et al, 2008; Zazula et al,

2008; Papa et al, 2008; Halazun et al, 2008; De Jager et

al, 2010; Kaol et al, 2010; Indavarapu and Akinapelli,

2011; Tomita et al, 2011; Proctor et al, 2012; Kim and

Biochem. Cell. Arch.  Vol. 22, No. 2, pp. 3969-3974, 2022 ISSN 0972-5075
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REPRODUCTIVE TOXICITY IN JAPANESE QUAIL
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ABSTRACT : To test whether administration of L-Dopa can protect against cypermethrin (Cyp) induced reproductive toxicity

in Japanese quail, Coturnix coturnix japonica. Twenty four adult male quails were divided into four groups. Group-1 received

normal saline and served as control.  Group-2 received Cyp 1mg/kg bw. Group-3 received L-Dopa 5mg/100mg bw and Group- 4

received both Cyp and L-Dopa. Treatments were given for 30 days. Body and testes weight, testicular and cloacal gland volume

and GSI of each bird of each group were recorded. Blood samples were collected from the jugular vein for the estimation of

serum testosterone. Testes were collected for the estimation of acid phosphatase and histological observations. Body and testis

weight, testes and cloacal gland volume, serum testosterone, testicular acid phosphatase and GSI of Cyp fed groups showed

significantly decreased value. L-Dopa treated group showed significantly increased value. Cyp + L-Dopa fed group showed

significantly increased value of serum testosterone and testicular acid phosphatase level where as other parameters showed no

significant difference, but the mean value was higher than those of Cyp group. Histologically, testis of Cyp treated group showed

irregularity and variability in seminiferous tubules shape having fewer spermatozoa. L-Dopa group showed enlarged form of

seminiferous tubules with abundant spermatozoa and showed full breeding condition. Cyp + L-Dopa treated group exhibited

nearly normal appearance of the seminiferous tubules and spermatozoa. It may be concluded that L-Dopa might be a potent

protective agent against Cyp induced toxic effect on reproduction in Japanese quail. In view of the nutritional value of poultry

products and the importance of poultry industry worldwide finding of this study may aid in the rational development of new

strategies of poultry industry management aimed at improving the human health (resources of food and nutrition) and benefiting

the economy.

Key words : Cypermethrin, L-Dopa, toxicity, reproduction, Japanese quail.
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INTRODUCTION

White meat and egg products of poultry industries

are a rich source of essential component of food and

nutrition (Ghafoor et al, 2010). Parasitic infection in poultry

farm causes concurrent infections which results in loss

of productivity. Lice, ticks, mites and flies are most

common external parasites of poultry. An infestation with

Argaspersicus(poultry soft tick) represent a major

ectoparasitic problem worldwide in poultry industries and

is affecting egg and meat production (Hagos and Eshetu,

2005). Cypermethrin is one of the widely used pesticides

as anti parasitic medicine to resolve the ectoparasitic

infestation in poultry farm along with other practices

(Alves et al, 2016; Sivajothi et al, 2017). Their excessive

use is the major source of environmental hazards for

animals and even for human beings, because it gets

incorporated in the food chains (Abd-Alla et al, 2002).

Many pesticides are known to cause degeneration of

reproductive organs, inhibition of spermatogenesis, sterility

and decrease in hormone and steroid levels. Pyrethroids

are derived from natural occurring pyrethrum flowers

(Chrysanthemum cinerariaefolium) and it has

insecticidal properties (Perger and Szadkowski, 1994).

In vitro study reveals that pyrethroid insecticides including

permethrin, fenvalerate and cypermethrin act as anti-

androgen chemicals (Xu et al, 2008). Among these,

Cypermethrin is one of the widely used pesticides and it

is considered as an endocrine distruptive chemical (Mnif

et al, 2011). It affects secondary sexual characters, the

processes of oogenesis, spermatogenesis, early onset of
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Abstract

To address the problem of antibiotic resistance in pathogens, our research aimed for
endophytic actinobacteria, producers of a diverse array of significant bioactive metabolites.
Endophytic actinobacteria SIR5 was isolated from roots of Sphaeranthus indicus Linn. and
was identified to be Actinoalloteichus cyanogriseus via 16S rRNA sequencing. With the
accession number MK793584, the gene sequence was deposited to NCBI. In the current
study, a rare actinobacteria Actinoalloteichus cyanogriseus, has been reported as an
endophyte for the first time. Both Microbial Type Culture Collection (MTCC) and Clinical
Cultures (CC) were used to investigate the antimicrobial property of the bioactive
chemicals synthesized by A. cyanogriseus SIR5. A significant zone of inhibitions was
recorded against clinical cultures: B. cereus (12.16±0.16 mm), Candida albicans
(12.83±0.44 mm), E. coli (15.33±0.33 mm), S. epidermidis (11.50±0.28 mm) and MTCC
pathogens: B. cereus (11.16±0.16 mm), B. subtilis (13.33±0.16 mm), P. aeruginosa
(13.33±0.33 mm), S. epidermidis (12.33±0.33 mm). The production of bioactive compound
was enhanced by optimization using one factor at a time (OFAT), which was achieved with
modified ISP-4 medium (starch-1% w/v, NH4NO3-1% w/v, CaCO3-2 g/l, K2HPO4-1 g/l,
MgSO4-1 g/l, NaCl-1g/l, trace solution-1 ml/l) with inoculum size-13%, incubation period-16
days, pH-8.0 and temperature-28 o C.
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Abstract and Figures

A keratinophilic fungus Chrysosporium tropicum was isolated from poultry farm soil and
screened for extracellular keratinase activity. The fungus was cultured in basal salts
medium and keratinase production was assessed. The novel keratinase was purified by
Sephadex G-100 column chromatography and characterized. The molecular weight of the
enzyme was estimated to be 14.5 KDa by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The optimum pH and temperature of the keratinase were
found to be 7.5 and 40oC respectively. The Km for keratin powder from human hair was
6.67 mg and the Vmax of novel keratinase was determined to be 0.33 mg ml-1 by the
Lineweaver-Burk plot. The enzyme activity was almost completely inhibited by
phenylmethylsulphonyl fluoride (PMSF) suggesting that the keratinase belongs to the
serine protease family.
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Abstract

The current research is an attempt to investigate the antibacterial and synergistic bioe�cacy of Curcuma caesia (Roxb.) versus human pathogenic bacteria

viz., Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa

and Proteus vulgaris procured from IMTECH, Chandigarh, India. Agar well di�usion assay was performed, and one-way ANOVA examined the outcome. The

qualitative phytochemical examination revealed a positive test for �avonoids, glycosides, phytosterols, resins, saponins, and tannins. However, the

quantitative estimation of phytochemicals revealed that the root sample contains highest amount of �avonoid followed by total phenol, saponin and

alkaloid. The bioactive extract was puri�ed using column chromatography. The puri�ed fraction and commercially available antibacterials viz., tetracycline,

streptomycin, and penicillin was evaluated for their synergistic or antagonistic e�cacy counter to multi-drug resistant human pathogenic bacteria. The

outcome divulge that a puri�ed fraction of C. caesia was found to act synergistically with tetracycline against all the bacterial cultures under investigation.

The results with streptomycin showed maximum synergistic activity against B. cereus. However, penicillin and puri�ed fraction exhibit utmost synergistic

activity against S. epidermidis and B. subtilis. The results revealed that the methanolic root extract of C. caesia bears a potential bioactive phytocompound

conferring enhanced synergism.
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Abstract: 
Globally, Tuberculosis has visibly impacted the daily lives of ordinary peoples in almost every 
country. However, the impact is pre dominant in developing countries, where poverty, social 
discrimination is rampant. Tuberculosis patients often face difficulty in social as well as personal 
aspect of life. Worldwide there is an understanding that controlling tuberculosis requires a careful 
amalgamation of various control programs, treatment regime and different aspects of social 
determinants. There is a lack of substantial literature addressing the social and economic assessment 
of tuberculosis patients. In this review we have reviewed the various initiatives taken by World Health 
Organization and supplemented the information with the steps taken by Indian government towards 
End TB strategy with special emphasis on social economic aspect of tuberculosis. In present paper 
tried to understand social- economical impact of tuberculosis in their patients and also sure relationship 
of culture and society with health. 
Keyword: Tuberculosis, economic, social determinants, cost, Drug resistant TB, Management 
 
1. Introduction: 

Humans live in two worlds in the world: as members of the animal kingdom, they live in the 
animal kingdom, and as social members, they live in the social kingdom. There are lots of dimensions 
that have major or direct relationships between the social and animal kingdoms, and health is one of 
them, especially health. Reproductive health, epidemiology, etc. are strangely related to the social and 
environmental kingdoms. Causes, treatment, prevention, and promotion are the four major dimensions 
of health .And all four dimensions are directly related to the economic dimension, like If a family has 
a good economic situation, they are more likely to make good food choices. If they have access to a 
variety of nutrients, their nutritional levels are higher than in other families. AIDS, tuberculosis, 
Typhoid, and other diseases have had a direct and long-term impact on human society throughout 
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गाँधी और जयनंदन की कहानियों में आम आदमी का संघर्ष
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रायपुर, छत्तीसगढ़, भारत

शोध सार

नहीं गलेगे अब', 'घर फूंक तमाशा, सूखते मोद'गाँव की सिसकियाँ', 'मितरघात', 'सराज दे
बाजा और संकलित कहानियाँ । जयनंदन ने स्वर
आम आदमी का जीवन जीया है इसलिए उनक
कहानियों में आम आदमी की समस्याओं का बारिकी
से चित्रण हुआ है।

मुख्य शब्द

जयनंदन, गाँधी, आम आदमी.

प्रस्तावना

भारत के महान संतों में एक मोहन दास करमचंद
गाँधी जो शरीर से दिखने में बेहद कमजोर लेकिन दृढ

इच्छाशक्ति वाले, बहुत रचनात्मक और बहुत दूरदर्श
विचारक थे। उनका संपूर्ण जीवन भारतीय आम जनमानह

की सेवा करते हुए उनके हित व अधिकारों के लिए लड़ते हुए संघर्षमय व्यतीत हुआ। गाँधीजी अपनी प्रसिद्ध पत्रिकइंडियन ओपिनियन' में बराबर भारतीय समाज पर लगे प्रतिबंधों के विरुद्ध आवाज उठाते रहे हैं। उनके समय मेंभारतीय लोग ट्राम गाड़ियों और रेलगाड़ियों में सम्मान के साथ यात्रा नहीं कर सकते थे।भारतीय व्यापारियों कनेटाल में सरकारद्वारा बार-बार परमिट लेने के लिए आदेश दिया जाता था, जिसका विरोध करते हुएउन्होंनव्यापारियों को दुबारा परमिट नहीं लेने की सलाह दी। तात्कालीन सरकार द्वारा सोलह वर्ष से अधिक अवस्थापालभारतीयों परप्रतिवर्ष एक पॉडकर लगाया गया था इसके अतिरिक्त प्रमाण-पत्रों व प्रवेश-पत्रों पर भी फीस कार
की शरण जाना पड़ता था, जिसके बावजूद फैसला भारतीयों के पक्ष में नहीं आता था।
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xksaM tutkfr % yksd&dFkk,¡
eèkqyrk ckjk] (Ph.D.), lkfgR; ,oa Hkk’kk&vè;;u”kkyk]
cjkrw jke èkqzo] “kksèkkFkÊ] lkfgR; ,oa Hkk’kk&vè;;u”kkyk]
ia- jfo”kadj “kqDy fo”fo|ky;] jk;iqj] NRrhlx<+] Hkkjr

'kks/k lkj
oSHko'kkyh v[k.M Hkkjr ds iwoÊ fgLls esa ,d

NksVk&lk çns'k gS ftldks NŸkhlx<+ dgk tkrk gSA
NŸkhlx<+ dks ç—fr us vuqie lkSan;Z dk ojnku vkSj
fofHkUu vueksy [kfutksa dk Hk.Mkj fn;k gSA ;gk¡ gjs&Hkjs
taxyksa ls <¡dh gqbZ igkfM+;k¡] ufn;ksa dh dy&dy
vkokt+ rFkk ikuh esa Mwcs èkku ds L;key [ksr vkSj
Å¡pkb;ksa ls fxjrs gq, lqanj euksje tyçikr o >jus
gSaA NŸkhlx<+ dks eq[;r% vkfnoklh leqnk;ksa dk çns'k
dgk tkrk gSA ;gk¡ fofHkUu çdkj ds vkfnoklh leqnk;
fuokl djrs gSa] ftuesa lcls çeq[k o lokZfèkd tula[;k
esa xksaM+ tutkfr iwjs NŸkhlx<+ vapy esa fuokljr~ gSaA
buds vius fo'ks’k jhfr&fjokt] iwtk&ikB] ijaijk rFkk
yksd&dFkk,¡ fofHkUu :f<+;ksa dks fy, gq, vkt Hkh
fo|eku gSaA NŸkhlx<+ esa dbZ xksaM jktkvksa us dbZ o’kksZa
rd 'kklu fd;k gS] ftldk çek.k vkt Hkh NŸkhlx<+
ds fofHkUu {ks=ksa esa ns[kus dks feyrk gSA

eq[; 'kCn

xksM+ tutkfr] yksd dFkk,¡] v[kaM Hkkjr-

çLrkouk
Hkkjr ds vusd jkT;ksa esa fofHkUu çdkj ds vkfnoklh

leqnk;ksa ds yksx vfèkd&ls&vfèkd la[;k esa fuokl
djrs gSa vkSj bu leqnk;ksa dh viuh fHkUu&fHkUu
laL—fr] ijaijk ,oa ekU;rk,¡ gSaA bu leqnk;ksa esa xksaM
vkfnoklh leqnk; dh ,d cM+h tula[;k ns[kus dks
feyrh gS vkSj buds nsoh&nsorkvksa dh la[;k Hkh vfèkd
fn[kkbZ nsrs gSa] tks bu yksxksa dks nq%[k ds le; esa
lq[k&'kkafr o le`f) çnku dj muds d"Vksa dks nwj
djrs gSaA xksaM tutkfr ç—fr iqtkjh gksus ds dkj.k
mudh dFkk,¡ ò{k&iq’i] i'kq&i{kh] unh&ukys ,oa NksVs&cM+s
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Extract Based Antimicrobial Liposomal Gel  

 
Adeep Kujur* University Institute of Pharmacy, Pt. Ravishankar Shukla University, Raipur, Chhattisgarh, India 492010. *Corresponding Author E-mail: adeepkujuruiop@gmail.com 

 
ABSTRACT 

Objective: Liposome based formulations are quite popular nowadays for effectively treating different dermal disorders. 
Different synthetic and plant based drugs are successfully used for liposome preparation for better potential effect. Use of 
herbal extract into liposome results reduction in side effects as in case of synthetic drugs. Costus speciosus rhizomes 
possess good antibacterial potential, assuring its greatness as potent plant active of this plant. Alcoholic extract of Costus 
speciosus rhizomes were found to be more active towards the bacterial species than the aqueous extract. Therefore, this 
rhizomes extract was incorporated into liposomes for enhanced activity, upon topical application. The main objective of 
the present research work is to develop this potent rhizome extract into a nano formulations i.e. liposomes and to 
fabricate its novel topical liposomal gel for anti-microbial activity. Methanolic Rhizome Extract (MeRE) was 
incorporated into liposomes by thin film hydration method. The batch having lipid ratio i.e. Soya lecithin: Cholesterol 
(3:1); MeRE concentration 70 mg with entrapment efficiency 71.5 ± 0.9% was finalized.  The vesicle size was found to be 
3.3µm ± 0.4. In vitro drug diffusion and skin retention from liposomal gel was found to be 63.3% ± 1.2 and 24.02% ± 0.28 
respectively. Stability studies indicated that formulation was stable over a period of 3 months when stored at 2-8°C. 
Conclusions: The fabricated gel formulation showed a promising drug delivery vehicle for topical delivery of Costus 
speciosus rhizome extract and could be successfully used for the treatment of dermal microbial infections. 
Keywords: Costus speciosus, Methanolic Rhizome Extract (MeRE), Antibacterial, In vitro drug diffusion.  Received 21.02.2021                                                          Revised 25.04.2021                                                  Accepted 06.05.2021                      
How to cite this article: A Kujur. Development and Characterization of Costus Speciosus Rhizome Extract Based Antimicrobial Liposomal Gel . Adv. Biores. Vol 12 [4] July 2021. 64-71 
 
INTRODUCTION The fruitful management of pharmacokinetics as well as the tissue distribution of any drug is the main goal during the development of new drug delivery system. To achieve the above target, variety of delivery systems such as microspheres, nanoparticles, lipoproteins, micellular systems and liposomes are used in the past for several years. Among these, most useful delivery system has been liposomal drug delivery system. Liposome has the ability of to carry a wide variety of substances. Based on their structural properties and harmless nature of their components, liposomes have been very popular to treat variety of therapeutic conditions [1]. Liposomes are the promising carriers as they are having potential to incorporate with variety of small drug molecules, proteins, nucleotides and plasmids as well. Liposomes can be easily formulated and refined to different sizes, compositions, charges and lamellarity [2]. On topical application of liposomal formulation, the liposomes are easily absorbed and merged with the cellular membranes of the skin. During this process, the drug loaded liposomes release the active materials into the cells. Due to the interaction of liposomal formulation with the corneocytes and of the intercellular lipids, it results in the softening and smoothening of skin [3]. Liposomes are capable of reaching the deeper layers of skin with high dose of drugs as well as it reduces the percutaneous absorption and unwanted side effects [4]. A wide variety of synthetic and herbal drugs are successfully incorporated into liposome for enhanced efficacy [5]. Liposomes are most suitable for plant extract delivery vehicles. Examples like turmeric, carrot extract, papaya extract, aloe-vera, green tea extract are reported for successful delivery through 
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UV Spectroscopy Analysis for Itraconazole  
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*Corresponding Author: swarnlatasaraf@gmail.com 

Abstract: 

Itraconazole is a triazole antifungal agent that is synthesised. Itraconazole has been 

manufactured into a variety of pharmacological formulations and administered in a variety of 

ways. Itraconazole pills are used to treat pulmonary fungi that can cause fungal infection and 

spread throughout the body. Because Itraconazole is not yet officially listed in any 

pharmacopoeia, only a few procedures for quality control and stability testing in 

pharmaceutical formulations have been published. The goal of this study is to develop a more 

precise, easy, and cost-effective spectrophotometric approach for analysing Itraconazole in 

bulk and capsule dosage forms with improved precision, accuracy, and sensitivity. The UV 

spectroscopic determination was performed with Chloroform as the solvent at an absorption 

maximum of 267 nm. Linearity over the concentration range in the UV spectroscopic approach. 

The linearity of Itraconazole over the concentration range was found to be 1-10 g/ml using the 

UV spectroscopic technique, with a correlation coefficient of 0.999. The findings of the 

analyses were statistically and the recovery studies have confirmed this.  

Keywords: Itraconazole, pharmacopoeia, UV spectroscopic technique, Quality control. 

 

Introduction 

Itraconazole is a triazole antifungal agent that is synthesised. Itraconazole is a racemic 

combination of four diastereomers (two enantiomeric pairs), each with three chiral centres, in 

a ratio of 1:1:1:1. The following nomenclature can be used to denote it: 4-[4-[4-[4-[[ 2. (2, 4-

dichlorophenyl) - two (1H-1, 2, 4- triazole- 1-ylmethyl) - 1,3- dioxolan-4-yl] methoxy]phenyl] 

piperazine-1- yl]phenyl] piperazine-1- yl]phenyl] piperazine-1- yl]phenyl] piperazine-1- 

yl]phenyl] piperazine-1- -2-(1-methyl propyl) -2, 4-dihydro-1, 2-dihydro-1, 2-dihydro-1, 2-

dihydro-1, 2-dihydro-1, 2-dihydro (Fig 1).  

 

Figure1: Itraconazole's structure 
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C35H38Cl2N8O4 is the molecular formula and the chemical molecular weight is noted to 

be705.64. [1-4] It's a powder that's white to slightly yellowish. In alcohols, it is very partially 

soluble, but in dichloromethane, it is completely soluble. Itraconazole is an 

extremely lipophilic compound that is water insoluble. It's a very weak base (pKa =3.7) that 

only ionises at very low pH levels. It's a three-chiral hydrophobic antimycotic medication that's 

employed in clinical trials as a stereoisomeric combination. [5] It is an oral triazole antifungal 

medication efficacious against dermatophytes, species of bacteria, Malassezia, and penicillium 

species having a broad range of activity and Histoplasma capsulatum var. capsulatum, among 

other fungal species. [6,7]  

 

Mechanism of action of Itraconazole 

It binds to 14-demethylase, a cytochrome P-450 enzyme that is required for the conversion of 

lanosterol to ergosterol. Because ergosterol is a necessary component of the fungal cell 

membrane, inhibiting its synthesis increases cellular permeability, causing cellular contents to 

flow out. Itraconazole can also decrease endogenous respiration, interact with membrane 

phospholipids, prevent yeasts from transforming into mycelial forms, block purine uptake, and 

disrupt triglyceride and/or phospholipid production. When itraconazole is taken with food, its 

oral bioavailability increases and plasma concentrations are nearly twice as high as when taken 

when fasting. Itraconazole is metabolised primarily in the liver by the cytochrome p450 3a4 

isoenzyme system, which produces various metabolites, the most significant of which is 

hydroxyl itraconazole 8. [9] It is metabolised in the liver, primarily through an oxidative 

pathway, forming the bioactive metabolite hydroxyl itraconazole. [10] 

 

Materials and methods 

Experimental 

Chemicals and reagents: Throughout UV spectrophotometric technique, development and 

validation Chloroform was used. 

 

Instrumentation 

UV spectrophotometric technique was performed on a double beam UV-visible 

spectrophotometer (Shimadzu, model 1800) having two matched quartz cells with a 1 cm light 

path. 

 

Selection of solvent 

For the analysis of Itraconazole, Chloroform had been selected as the ideal solvent for 

spectrophotometry. 

 

Standard stock solutions preparation 

A 10 mg Itraconazole reference standard was accurately weighed and transferred to a 10 ml 

volumetric flask, where it was dissolved and diluted up to the mark using chloroform to yield 

a stock solution with a strength of 500g/ml. Diluting 1 ml of stock solution to 5 ml with 

chloroform yielded a 50 g/ml working standard solution. 
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Preparation of Sample stock solution 

For analysis of the drug, 10mg of the drug itraconazole was weighed and transferred to a 10ml 

volumetric flask and dissolved with chloroform. The itraconazole drug solution was diluted to 

get a final concentration of 10μg/ml. The absorbance of these solutions was measured at 267 

nm. The amount of Itraconazole was calculated using the calibration curve. 

 

Formula: 

 %Purity=Sample absorbance / Standard absorbance X 100 

1. Method validation 

The method was validated according to the International Conference on Harmonization (ICH)  

Q2B guidelines 1996 for validation of analytical procedure to determine the linearity,  

limit of detection, accuracy and precision. 

 

2. Linearity & Range 

Under the experimental conditions, the calibration graphs of the absorbance versus  

Concentration was found to be linear over the range of 0.2-1.0μg/ml for the proposed method.  

The statistical analysis of data obtained for estimation of Itraconazole is indicated chloroform  

of accuracy for the proposed methods evidenced by the low values of standard deviation and  

coefficient of variation. The results are noted below: 

Table 1: Itraconazole Linearity Data 

S. No. Concentration in μg/ml Absorbance in 

UV 

1 0 0 

2 2 0.1316 

3 4 0.2520 

4 6 0.3527 

5 8 0.4713 

6 10 0.5813 

 y = 0.0575x + 0.0106 

slope = 0.057 

RSQ = 0.9986 
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Results and Discussion 

The purpose of this study was to validate an Itraconazole using a UV-Spectrophotometric 

technique under optimal conditions. The validation parameters' results were found to be within 

acceptable limits. Within the concentration range of 1-10g/ml, itraconazole followed linearity. 

The measured linearity range suited Beer-law Lambert's well, and the corresponding regression 

coefficient (r=0.999) indicates a high degree of technique sensitivity, as shown in Table 1. The 

number of drugs detected and the findings of the analysis demonstrate that the percentage of 

the drugs found and the number of drugs found was in good accord. 

 

Conclusion 

UV-Spectrophotometer techniques produced equivalent results. The linearity of Itraconazole 

over the concentration range was found to be 1-10 g/ml using the UV spectroscopic technique, 

with a correlation coefficient of 0.999. The findings of the analyses were statistically and the 

recovery studies have been confirmed. 
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ABSTRACT 
 

The present study aimed to assess the impact of age on psychological burnout in 
national male hockey players. To conduct the study 60 national / interuniversity male 
hockey players were selected. This sample comprises 30 male hockey players between 
18-24 years of age group and 30 male hockey players between 25-28 years of age group. 
The magnitude of psychological burnout was evaluated with the Athlete Burnout 
Questionnaire. This questionnaire is a valid measure to assess psychological burnout 

and the authors of this questionnaire are Raedeke and Smith (2001). The questionnaire 
consists of 15 items based on three sub-scales i.e. emotional exhaustion, devaluation and 

a reduced sense of accomplishment respectively. Results revealed a significant effect of 
age on psychological burnout in national male hockey players and the symptoms of 

psychological burnout were significantly higher in younger age group as compared to 
older age group hockey players. It was concluded that age certainly has a significant 
predictor value in describing symptoms of psychological burnout in national male 
hockey players. 

Keywords:  Psychological burnout, hockey, national male players 

INTRODUCTION 
An endless devotion is needed to attain success in any field and this is true in the 

field of sports also. Sportspersons always strive to improve their skills and game-related 

attributes but sometimes the pressure to acquire the perfect skill set training load becomes 

unbearable. In sports win and loss is part of the game so when an athlete does not taste 

success despite the best of his efforts he feels let down. Markati (2018) feels that sports 

competition is a pressure cooker and apart from physical stressors there are psychological 

stressors also and can cause psychological burnout.  

When a person is experiencing stress for a long time and the magnitude of stress is 

beyond tolerable limits, he may suffer from burnout. So burnout is caused by physical or 
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ABSTRACT: 
Nutritional problems have serious health implications impacting physical development, psychological, 

behavioral and work performance of an individual. Anaemia is the most common problem among pregnant and 

lactating women in most of the developing countries. Anemia during pregnancy is the most common preventable 

causes of maternal morbidity and poor prenatal outcome. Healthy growth and development of a girl through 

adolescence helps to prepare her for healthy pregnancies during child bearing years. Prevalence of anemia in 

India is very high across all groups. The present study was conducted to assess the levels of anaemia and 

nutritional status among the Baiga women and adolescent girls residing in three districts of Chhattisgarh. Only 

42% of the Baiga women, of reproductive age, were found to have normal levels of anemia while 58% of them 

were found to be anaemic. Prevalence of anaemia was found to be very high among adolescent Baiga girls. Only 

5.3% adolescent Baiga girls were found to have normal levels of Hb while 94.7% had various degrees of 

anaemia, putting them into high risk zones for the future pregnancies. Majority of the Baiga women respondents 

i.e. 47.33% had low BMI between16-18.5 which falls as under nutritional category, 6.67% were very severely 

underweight and only 40.66 % of the respondents could be categorized under the normal category of Body Mass 

Index (BMI). BMI among adolescent girls when compared to WHO 2004 standard of malnutrition revealed that 

27.2% girls could be classified under the normal category, 24.2 % girls suffered from mild thinness, 17.8 % girls 

suffered from moderate thinness and 30.8% girls suffered from severe thinness category of malnutrition.The 

strategy of increasing iron intake in every households through dietary diversifications and use of iron fortified 

iodized salts, providing IFA supplementations to vulnerable groups, testing and timely treatment of pregnant 

women and adolescent girls with anaemia, is required to accelerate the pace of reduction in the prevalence of 

iron deficient anemia to enable the country to achieve SDG target for the reduction of anaemia. 

 

KEYWORDS: Nutritional Status, Anaemia, BMI, Baiga Women and Adolescent girls. 
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INTRODUCTION: 
Promotion of maternal and child health has been one of 

the most important components of family welfare 

programme of government of India and national 

population policy 2000, which aims for safe motherhood 

programme within wider context of reproductive health. 

Nutritional problems have serious public health 
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ABSTRACT: 
Nutritional problems have serious health implications impacting physical development, psychological, 

behavioral and work performance of an individual. Anaemia is the most common problem among pregnant and 

lactating women in most of the developing countries. Anemia during pregnancy is the most common preventable 

causes of maternal morbidity and poor prenatal outcome. Healthy growth and development of a girl through 

adolescence helps to prepare her for healthy pregnancies during child bearing years. Prevalence of anemia in 

India is very high across all groups. The present study was conducted to assess the levels of anaemia and 

nutritional status among the Baiga women and adolescent girls residing in three districts of Chhattisgarh. Only 

42% of the Baiga women, of reproductive age, were found to have normal levels of anemia while 58% of them 

were found to be anaemic. Prevalence of anaemia was found to be very high among adolescent Baiga girls. Only 

5.3% adolescent Baiga girls were found to have normal levels of Hb while 94.7% had various degrees of 

anaemia, putting them into high risk zones for the future pregnancies. Majority of the Baiga women respondents 

i.e. 47.33% had low BMI between16-18.5 which falls as under nutritional category, 6.67% were very severely 

underweight and only 40.66 % of the respondents could be categorized under the normal category of Body Mass 

Index (BMI). BMI among adolescent girls when compared to WHO 2004 standard of malnutrition revealed that 

27.2% girls could be classified under the normal category, 24.2 % girls suffered from mild thinness, 17.8 % girls 

suffered from moderate thinness and 30.8% girls suffered from severe thinness category of malnutrition.The 

strategy of increasing iron intake in every households through dietary diversifications and use of iron fortified 

iodized salts, providing IFA supplementations to vulnerable groups, testing and timely treatment of pregnant 

women and adolescent girls with anaemia, is required to accelerate the pace of reduction in the prevalence of 

iron deficient anemia to enable the country to achieve SDG target for the reduction of anaemia. 
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INTRODUCTION: 
Promotion of maternal and child health has been one of 

the most important components of family welfare 

programme of government of India and national 

population policy 2000, which aims for safe motherhood 

programme within wider context of reproductive health. 
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Abstract

Background and aims

The measurement of the skinfold thickness at various sites with the calipers has remained the traditional

method for estimation of body fat percentage (%BF) in clinical practice. Although this technique is relatively

inexpensive and easy to learn, there are more chances of errors while measuring the skinfold thickness by

this method. Therefore, no single standard prediction formula for the determination of body fat could be

fixed. The aim of our study was to use B-mode ultrasound (US) for measuring the subcutaneous fat thickness

and the calipers for skinfold thickness, and then compare, correlate, and derive the prediction equations for

estimation of %BF by both the techniques.

Methods

This cross-sectional, observational, monocentric study was conducted on 43 Indian male volunteers aged 18

to 40 years. After collecting anthropometric data (age, height, weight, body mass index, waist

circumference, hip circumference, waist-to-hip ratio [WHR], etc.), the skinfold thickness was measured at

four standard sites (biceps, triceps, subscapular region, and suprailiac region) with skinfold caliper (SFC) and

then B-mode US. The data were analyzed for distribution, and independent t-test was applied to compare

the difference between two means of a %BF estimated by both the methods. The prediction equations were

developed from anthropometric and skinfold thickness data obtained from both the methods, i.e., SFC and

US, by applying stepwise multiple linear regression.

Results

It was observed that mean values of all the skinfold thicknesses along with the %BF measured by SFC were

far more than those measured by US. The %BF measured by US technique (%BF US) was significantly lesser,

i.e., 20.69 (SD: 3.126; p < 0.0002), than that of the SFC method (%BF SFC), i.e., 30.38 (SD: 4.634), which is

0.68 % higher. The best prediction equation for the %BF by SFC method was [%BF SFC = -26.154 + 0.208 SFss

+ 0.374 age + 0.354 SFbi + 32.066 WHR] (R2 = 84.8), where SFss and SFbi are skin fold thicknesses at

subscapular and biceps regions, respectively, measured with SFCs, and that by the US method was [%BF US =

0.713 + 0.351 USsi + 0.232 age + 0.248 USss + 0.448 USbi] (R2 = 84.6), where USsi and USss are skinfold

measurements at suprailiac and subscapular regions, respectively, measured by US technique.

Conclusion

In our study, we arrived to the conclusion that even though the estimated %BF by both the methods were

found to have a significant correlation with each other, the values were very less in case of the US method.

In the prediction equations, it was found that the skinfold thickness at the suprailiac region was not found to

be the significant determining factor for estimation of %BF by SFC method as that by the US method.

Looking at the lesser sample size with all participants being males, we do not recommend the prediction

equations to be used in clinical practice in spite of the high R2 values.

Categories: Medical Physics, Other, Anatomy

Keywords: inference, ultrasound, skin caliper, assessment, fat

Introduction
Lack of physical exercise is well known to contribute to overweight and obesity, which is a risk factor for

several noncommunicable diseases (NCDs). In the South-East Asia Region (SEAR), physical inactivity is

responsible for 5.1% of deaths, with the incidence of insufficient physical activity ranging from 3% to 41%

among males and 6.6% to 64% among females. Bhutan had the highest male and female prevalence (41%

and 64%, respectively), followed by the Maldives (37% and 42%, respectively) [1]. According to the recent

trial conducted by McKinsey Global Institute, London, 2.1 billion adults of the world are obese (30% of the

global population), and obesity is responsible for nearly 5% of all deaths and 20% of the health care

expenditure on the prevention and management of obesity [2]. It has been noticed by many researchers that

India is also not the exception for it [3,4]. Therefore, the frequent assessment of body composition for the

1 2 3 4 1

5 6
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Highlights

• SrZrSi O : Ce  phosphors are prepared by high temperature

conventional solid-state reaction method (SSRM).

• Structural, compositional and functional groups properties thoroughly

discussed by XRD, FESEM, EDS and FTIR.

• Photoluminescence and thermoluminescence Properties of phosphors

have been investigated in details.

• Frequency Factor and Activation energy are calculated of SrZrSi O :

Ce  phosphor.

• TL fading effect and TL emission spectra are also investigated.
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Abstract

A novel Ce  doped SrZrSi O  (SZSO) phosphor with different doping concentration (0.05–

1.5 mol %) were synthesized by conventional solid-state reaction method. To confirm crystal

structure and phase purity of prepared phosphor X-ray diffractions (XRDs) have been done.

Surface morphology, compositional and functional groups analysis were investigated using

FE-SEM, EDXS & FTIR techniques. In order to study the optical properties of the synthesized

phosphor photoluminescence and thermoluminescence were investigated in detailed.

Photoluminescence studies of SZSO: Ce  phosphor shows strong broad excitation peak at

293 nm owing due to 4f → 5d transition and corresponding broad emission peak obtain at

480 nm due to 5d → 4f spin allowed transition. The optimum PL intensity obtain for 0.1 mol%

Ce  doping concentration. CIE co-ordinate, color purity and CCT of prepared phosphor are

also calculated which shows the SZSO: Ce  phosphor emits cyan-blue light, can be

applicable for solid state lighting. Thermoluminescence of SZSO: Ce  phosphor shows two

TL glow curve peaks at 56 °C and 130 °C temperature. The optimum TL intensity obtained for

0.2 mol% Ce  doped SZSO phosphor for 15 min UV irradiation time at 254 nm UV excitation

source. TL emission spectra and fading effect are also analyzed. TL kinetic parameters are

determined by peak shape method. Thermoluminescence properties shows that prepared

SZSO: Ce  phosphor will be potential applicable for UV-dosimetry.

Introduction

In lighting technology, rare earth doped solid state lighting materials get much attention

due to their wide range of applications as a white light emitting diodes (W-LEDs), LEDs,

display devices, lasers, traffic signals, backlight display etc. Among traditional incandescent

and fluorescent lighting sources, white light emitting diodes (WLEDs) possess many

properties such as power saving, low energy consumption, higher luminous efficiency &

brightness, long lifetime and eco-friendly [[1], [2], [3], [4]]. Commercially available W-LEDs

are fabricating by combining blue LED (GaInN) chip with yellow (YAG: Ce ) phosphor

which has high correlated color temperature (CCT) and poor color rendering index (CRI).

Another way to fabricate W-LEDs by mixing of red, green and blue emitting phosphors with

UV-LED chip. The emitted white light by this way are very good CRI (above 90) and high

luminous efficiency [[5], [6], [7]].

Different types of phosphor materials are namely such as-oxides, sulfides, aluminates,

silicates, nitrides, oxy-nitrides, halides, phosphates, borates etc. [8,9]. The choice of

phosphor matrix plays very important key role to obtain highly phosphor conversion

devices. Silicates based phosphor shows great attention due to low cost, low phonon energy,
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• CaMgSiO :Eu phosphors are prepared by solid state synthesis

technique at high temperature.

• Spectroscopic properties thoroughly discussed by XRD, SEM, EDX, FTIR

and Raman spectroscopy.

• Photoluminescence and photometric properties of phosphors have

been investigated.

• The Judd–Ofelt and radiative parameters of CaMgSiO :Eu  phosphors

have also been calculated.

• Thermo-luminescence (TL) properties of prepared phosphor have also

been explained in terms of glow curve and kinetic parameters.

Abstract

A series of Eu  doped calcium magnesium silicate (CaMgSiO ) phosphor samples were

successfully prepared via solid state synthesis technique. Their structural and morphological

studies were investigated by powder X-ray diffraction (PXRD), scanning electron microscopy

(SEM) and energy dispersive X-ray analysis (EDX) measurements. Phase structure and phase

purity of sample were investigated by Rietveld refinement method. The vibrational and

bonding behavior of silicate groups were confirmed by Fourier transform infrared (FTIR) and

Raman spectroscopy. The luminescent properties of prepared samples were studied by

photoluminescence (PL) and thermoluminescence (TL) characteristics. The emission spectra

recorded under the excitation wavelength λ  = 396 nm. The highest emission peak was

observed at 595 nm which corresponds to the D  → F  transition of Eu  ions with

selection rule ΔJ = 1. The concentration quenching and energy transfer mechanisms were

elucidated by Blasse and Dexter's formula. The photometric parameters correlated color

temperature (CCT), color rendering index (CRI) and color purity (CP) were computed using

CIE chromaticity co-ordinate diagram. In addition, Judd-Ofelt (JO) parameters (Ω , Ω ) and

other derived radiative parameters were calculated using Judd-Ofelt theory from the PL

emission spectra. Time resolved fluorescence spectra were carried out to determine the

decay lifetime of the samples. The prepared samples are expected to be suitable candidates

for the applications as solid state devices, lighting and optical displays.
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• CaMgSiO :Eu phosphors are prepared by solid state synthesis

technique at high temperature.

• Spectroscopic properties thoroughly discussed by XRD, SEM, EDX, FTIR

and Raman spectroscopy.

• Photoluminescence and photometric properties of phosphors have

been investigated.

• The Judd–Ofelt and radiative parameters of CaMgSiO :Eu  phosphors

have also been calculated.

• Thermo-luminescence (TL) properties of prepared phosphor have also

been explained in terms of glow curve and kinetic parameters.

Abstract

A series of Eu  doped calcium magnesium silicate (CaMgSiO ) phosphor samples were

successfully prepared via solid state synthesis technique. Their structural and morphological

studies were investigated by powder X-ray diffraction (PXRD), scanning electron microscopy

(SEM) and energy dispersive X-ray analysis (EDX) measurements. Phase structure and phase

purity of sample were investigated by Rietveld refinement method. The vibrational and

bonding behavior of silicate groups were confirmed by Fourier transform infrared (FTIR) and

Raman spectroscopy. The luminescent properties of prepared samples were studied by

photoluminescence (PL) and thermoluminescence (TL) characteristics. The emission spectra

recorded under the excitation wavelength λ  = 396 nm. The highest emission peak was

observed at 595 nm which corresponds to the D  → F  transition of Eu  ions with

selection rule ΔJ = 1. The concentration quenching and energy transfer mechanisms were

elucidated by Blasse and Dexter's formula. The photometric parameters correlated color

temperature (CCT), color rendering index (CRI) and color purity (CP) were computed using

CIE chromaticity co-ordinate diagram. In addition, Judd-Ofelt (JO) parameters (Ω , Ω ) and

other derived radiative parameters were calculated using Judd-Ofelt theory from the PL

emission spectra. Time resolved fluorescence spectra were carried out to determine the

decay lifetime of the samples. The prepared samples are expected to be suitable candidates

for the applications as solid state devices, lighting and optical displays.

4
3+

4
3+

3+
4

ex

5
0

7
1

3+

2 4

5/7/25, 5:31 PM Structural, luminescent properties and Judd-Ofelt analysis of CaMgSiO4:Eu3+ phosphor for solid state lighting - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0925346721009873 2/9



Optical Materials
Volume ���, January ����, ������

Structural, luminescent properties and Judd-

Ofelt analysis of CaMgSiO :Eu  phosphor for

solid state lighting

Bhuneshwar Verma , R.N. Baghel , D.P. Bisen , N. Brahme , V. Jena 

Show more

https://doi.org/��.����/j.optmat.����.������

Get rights and content

Highlights

4
3+

a b b b c

Share Cite

5/7/25, 5:31 PM Structural, luminescent properties and Judd-Ofelt analysis of CaMgSiO4:Eu3+ phosphor for solid state lighting - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0925346721009873 1/9

https://www.sciencedirect.com/journal/optical-materials
https://www.sciencedirect.com/journal/optical-materials/vol/123/suppl/C
https://doi.org/10.1016/j.optmat.2021.111787
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0925346721009873&orderBeanReset=true
https://www.sciencedirect.com/
Hp
Highlight

Hp
Typewritten text
1021



• CaMgSiO :Eu phosphors are prepared by solid state synthesis

technique at high temperature.

• Spectroscopic properties thoroughly discussed by XRD, SEM, EDX, FTIR

and Raman spectroscopy.

• Photoluminescence and photometric properties of phosphors have

been investigated.

• The Judd–Ofelt and radiative parameters of CaMgSiO :Eu  phosphors

have also been calculated.

• Thermo-luminescence (TL) properties of prepared phosphor have also

been explained in terms of glow curve and kinetic parameters.

Abstract

A series of Eu  doped calcium magnesium silicate (CaMgSiO ) phosphor samples were

successfully prepared via solid state synthesis technique. Their structural and morphological

studies were investigated by powder X-ray diffraction (PXRD), scanning electron microscopy

(SEM) and energy dispersive X-ray analysis (EDX) measurements. Phase structure and phase

purity of sample were investigated by Rietveld refinement method. The vibrational and

bonding behavior of silicate groups were confirmed by Fourier transform infrared (FTIR) and

Raman spectroscopy. The luminescent properties of prepared samples were studied by

photoluminescence (PL) and thermoluminescence (TL) characteristics. The emission spectra

recorded under the excitation wavelength λ  = 396 nm. The highest emission peak was

observed at 595 nm which corresponds to the D  → F  transition of Eu  ions with

selection rule ΔJ = 1. The concentration quenching and energy transfer mechanisms were

elucidated by Blasse and Dexter's formula. The photometric parameters correlated color

temperature (CCT), color rendering index (CRI) and color purity (CP) were computed using

CIE chromaticity co-ordinate diagram. In addition, Judd-Ofelt (JO) parameters (Ω , Ω ) and

other derived radiative parameters were calculated using Judd-Ofelt theory from the PL

emission spectra. Time resolved fluorescence spectra were carried out to determine the

decay lifetime of the samples. The prepared samples are expected to be suitable candidates

for the applications as solid state devices, lighting and optical displays.
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ABSTRACT: 

When family members find out that a loved one has developed schizophrenia, they often feel 

helpless, angry, depressed, and anxious. As a result, the caregiver's psychological health is 

greatly affected, which increases both the caregiver's subjective and objective burden. As a 

result, they may require assistance and communication with mental health professionals at 

times. As a result, the study sought to assess the efficacy of mindfulness-based interventions 

on caregivers of people with chronic schizophrenia. Objectives: The study aimed to evaluate 

the effectiveness of a mindfulness-based intervention on various psychological parameters 

such as mindfulness, sense of control, and overall well-being in caregivers of people with 

chronic schizophrenia. Methodology: A total of 26 caregivers of persons with chronic 

schizophrenia, who fulfilled the inclusion and exclusion criteria were selected and formed 

into the Treatment As Usual (TAU) and Mindfulness Based Intervention with Treatment As 

Usual (MBITAU) groups. The current intervention was found to be effective in 

increasing well-being and mindfulness, particularly action awareness, as the MBITAU 

group differed significantly from the TAU group in the post-assessment. Thus, MBI can 

be an effective therapy to maintain the psychological health of caregivers. 

Keywords: Mindfulness, General Well-being, Caregivers, Schizophrenia, Mindfulness Based 

Intervention 

INTRODUCTION: 

The initial reactions, a family has when one of its members is diagnosed with mental illness 

include shock, denial, blame, and suffering. The suffering of primary caregivers is 

exacerbated in the case of those with schizophrenia, the most prevalent serious disorder with 

a poor prognosis, by symptoms and signs, caregiving demands, an inability to accept the 

loved one's illness and the ensuing emotional distress, the financial burden of treatment, the 
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Abstract 
Willingness to help others is an essential attitude by which one can lead an effective social life. The 

term "pro-social" refers to the behavior that is positive and intended to benefit other individuals. It is 

an internationally  voluntary behavior (Eisenberg, 1990). The present review tries to find out the 

relationship between pro-social behavior and demographic variables like home and school 

environment, gender, self efficacy, self concept, waning personality traits, value orientation, 

subjective well being, empathy, locality, and academic outcome of high school students. A literature 

search using Google Scholar, Review Science Direct, Research Gate, and Academia, a database 

covering the period from 2000–2022, was conducted. The author reviewed studies with certain 

inclusion and exclusion criteria. Search terms were Pro-social Behavior, Academic Outcome, and 

High School Students. After examining different types of empirical papers, it was found that in most 

of the studies, this variable (pro-social behavior) has been ignored by the researchers working in this 

area of research in India. Methodological and theoretical issues have been discussed. 

Keywords:  pro-social behavior, academic outcome, locality, gender, school management. 

Introduction 

Pro-social behavior is defined as voluntary behavior that is intended to benefit another (Eisenberg et 

al. 2006).It is characterized by acts of kindness, compassion, and helping behaviors, which may be 

considered to be one of the finest qualities of human nature, foster positive traits that are beneficial for 

children and society.  Encouraging pro-social behavior   also require decreasing or eliminating 

undesirable social behavior. It is often associated with developing desirable traits in children and 

adults' behavior as well. (Eisenberg, et al. 2006). 

Academic outcome: An academic outcome is a performance that is a measure of educational output 

(Adyemi 2008), the product of the interaction of the student, as an individual with their environment, 

namely, school, teacher, peers (Bhatnagar, R.P. 1969), multidimensional activity, involving a number 

of phases (Gupta & Kapoor, 1969). It is significantly designed by test scores or marks assigned by the 

teacher, mentor, guide, or any board and refers to the outcome of disciplined curricular and co 

curricular activities of students in the class as well as school. 

Method for Review - 

A Literature Search Procedure 
Studies were identified through J-Store, Research Gate, Google Scholar and Science Direct. It covers 

the period from 2000 to 2022. The review was conducted using the search term Pro-social behavior, 

Academic outcome. 

Inclusion Criteria 
The following are the inclusion criteria: (1) empirical studies published in peer-reviewed journals (2) 

empirical studies in English only (3) quantitative research (4) peer-reviewed journal critical review 

article 

 Exclusion Criteria 

The following are exclusion criteria: (1) Prior to the year 2000, (2) Students from primary and 

secondary schools, and (3) University students 

Methodology 
The present review is based on the following six parameters: (1) Research Plan: (2) Criterion variable 

validity: (3) Predictor variable reliability coefficient: (4) The validity and reliability coefficients of 

various predictor measures on their own data: Statistical analysis (6) Size of the effect. 
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Abstract:
Happiness has been researched over time and still is the subject of many studies; in this case, youth’s happiness
is more important because in higher education at present youths are covered with complex issues more than at
any other time. The main objective of the study is to predict the effect of self-esteem and gender on youth’s
happiness. Data were collected from 100 youths (age range 17-26 years) studying in various colleges in Raipur,
Chhattisgarh by using the Happiness Scale, and Self-esteem Scale. 50 subjects were male and the remaining 50
were female. SPSS version 22.0 was used for prediction analyses. The majority of youths (87%) had a high
level of happiness; while above average (59%) had a moderate level of self-esteem. Findings revealed thatself-
esteem has been discovered to be a strong predictor of happiness, while gender does not. Self-esteem
improvement will help in the reduction of mental health problems in youth.  Limitations, future directions, and
implications were discussed.
Keywords: Happiness, self-esteem, youth, gender
 
Introduction:
At present in higher education youths are engulfed with complex issues more than at any other time. While the
stage is viewed as a phase of conversion from childhood reliance to adulthood independence, many people
have failed the adulthood independence test. (World Programme of Action for Youth, 2007). As a result, youth

Happiness () Self-esteem () Youth () Gender ()Keywords:
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In this paper a new class of estimators for estimating population mean under general sampling design has been
proposed. The expressions of bias and mean square error of the suggested estimator are derived. For the optimum
choice of constants it is more efficient than other existing estimators. Further properties of the proposed estimator are
discussed under simple random sampling without replacement procedure. Numerical illustrations have been made
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                                                Book Review 

Discrimination based on Sex, Caste, Religion and Disability 
 

A cost-free handbook of 152 pages in 2003 developed by NCTE under the aegis of National 

Human Rights Commission to sensitize and address teachers and teacher educators through 

educational interventions. 

The following contributors and editors developed this handbook. 

 

Contributors 

• Usha Nayar, Formerly Professor and Head, Department of Women's Studies, NCERT, New 

Delhi 

• G. G. Wankhede, Professor and Head, Unit of for Child and Youth Research, Tata Institute of 

Social Sciences, Mumbai 

• M.N.G. Mani, Secretary General, International Council for Education of People with Visual 

Empowerment, IHRDC campus, Coimbatore 

• D. P. Maini, Formerly Professor and Head, Department of Hindi, Panjab University, 

Chandigarh 

 

Editors 

• Mool Chand Sharma, Adviser (Research) NHRC 

• A.K. Shrama, Formerly Director, NCERT 

 

  There are six chapters in this book which are as follows: 
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1. Discrimination based on Sex, Caste, Religion and Disability : A Conceptual 

Framework 

In the first chapter, meaning and scope of the Discrimination, Non-discrimination and 

Positive/Protective discrimination are explained. After knowing this module, the teacher 

will be familiar with the provisions contained in the Constitution of India regarding 

discrimination and discuss the implications of these provisions. A comprehensive 

introduction of various committees and commissions, fundamental rights, constitutional 

provisions made for women and children are also described in this chapter. After reading 

this, the teacher will understand the implications of caste as a system and as an institution 

as well as the dilemma of caste and casteism. The fundamental principles of any 

contemporary society are humanity dignity, liberty, equality, justice, but in India injustice, 

inequality and discrimination exist in the worst form due to social stratification and 

hierarchy which are directly linked to religion and caste. The prevailing theory regarding 

the origin of caste is <occupational theory=. The upper castes are in clean occupations while 

the lower castes work for the service of upper castes and following unclean occupations, 

they do not have right to both property and education. These castes are socially, 

economically and culturally backward till date. Castes are a complex phenomenon, their 

structures are diverse and differ from each other, from one another to culture and region to 

region. The caste-based system affects the development of society and the nation also. So it 

is necessary to the teacher that they have enough knowledge about all legislative measures 

to eliminate discrimination amongst SCs and STs which have been introduced through this 

handbook. In this chapter, the teacher will also be to know the major factors leading to 

discrimination for disabled persons and various national and international 

recommendations on disabilities. 

 

2. Discrimination based on sex/gender   

After reading second chapter of this book, the teacher would-be able to understand the 

processes that lead to formation of the sex-role identity and self-concept in children and 

adults. The teacher is able to evaluate gender-based discrimination in constructing a 

negative self-concept (poor self-esteem and poor self-image) in girls and a positive self-

concept in boys. We observe many differences among girls and boys, in the home, in the 

street, inside the classroom, in the play-field, during the school recess. For instance, in 

general, boys are active, playful, confident, bold, demanding, loud, at times rough, rowdy, 
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mPprj ek/;fed Lrj ds f9k{kdksa ds f9k{kd ÁHkko9khyrk dk 
muds fo|kfFkZ;ksa dh 9kSf{kd miyfC/k ij iM+us okys ÁHkko dk 

v/;;u 
 

 

 

 

Lkkjka9k & ÁLrqr 9kks/k v/;;u esa mPprj ek/;fed fo|ky; esa dk;Zjr f9k{kdksa ds f9k{kd ÁHkko9khyrk dk muds 

fo|kfFkZ;ksa dh 9kSf{kd miyfC/k ij iM+us okys ÁHkko dk v/;;u fd;k x;k gSA v/;;u gsrq nqxZ ftys ds 8 mPprj 

ek/;fed fo|ky; dk p;u ;kǹfPNd U;kn9kZ fof/k }kjk fd;k x;k gS ,oa 108 f9k{kdksa ,oa muds 540 fo|kfFkZ;ksa 

dk p;u U;kn9kZ ds :Ik esa mÌs9k;iw.kZ fof/k ls fd;k x;k g SAÁnÙkksa ds ladyu gsrq  dqekj ,oa eqFkk ¼1999½ }kjk 

fufeZr f9k{kd ÁHkko9khyrk Ldsy dk mi;ksx fd;k x;k gS vkSj 9kSf{kd miyfC/k dk ekiu fo|kfFkZ;ksa ds }kjk iwoZ 

d{kk esa ÁkIr fd, x, ÁkIrkad ls fd;k x;k gSA,d f}9k Álj.k fo9ys"k.k ls ifj.kke ÁkIr gqvk fd f9k{kdksa ds 

f9k{kd ÁHkko9khyrk dk muds fo|kfFkZ;ksa dh 9kSf{kd miyfC/k ij va9kr% lkFkZd izHkko iM+rk gS A 

Ekq[; 9kCn & f9k{kd ÁHkko9khyrk & mPPk] e/;e] fuEu] ,oa 9kSf{kd miyfC/kA8 

ÁLrkouk & f9k{kk ekuo ds thou dks Ádkf9kr djrh gS ,oa mles varfuZfgr xq.kksa dks fodflr djds thou;kiu 

djus esa leFkZ cukrh gSAf9k{kk ds }kjk Kku dks vftZr dj fd;k tkrk gSAf9k{kk ÁkIr djus dh ÁfØ;k thou 

Ik;ZUr pyrh jgrh gSAckyd dh f9k{kk vkSipkfjd :Ik ls fo|ky; ls ÁkajHk gksrh gSAÁkFkfed] ek/;fed] mPprj 

ek/;fed Lrj ij f9k{kk fo|ky; esa gksrh gSA;gkW fo|ky; esa f9k{kdksa ds }kjk Kku IkzkIr dj fo|kfFkZ;ksa esa Kku] 

vocks/k] dkS9ky fofHkUUk xq.kksa dk fodkl gksrk gSAfo|kfFkZ;ksa ds fy, f9k{kd vkn9kZ gksrs gS] f9k{kdksa ds vkn9kZ 

O;ogkj ] f9k{k.k] vuq9kklu] drZO;fu"Bk ,oa vU; xq.kksa ls fo|kFkhZ izHkkfor gksrs gSAf9k{kd ÁHkko9khyrk dk vFkZ 

f9k{kdksa ds ÁHkkoh f9k{k.k ls gSAorZeku le; esa fo|kfFkZ;ksa dk vkdyu mudh 9kSf{kd miyfC/k ls fd;k tk jgk 

gSAfo|kfFkZ;ksa dh 9kSf{kd miyfC/k ftruh vf/kd gksxh muds f9k{kdksa dk f9k{k.k mruk gh ÁHkkoh ekuk tkrk gSA 

vfdfj ¼2013½ us ukbthfj;k ds MsYVk LVsV esa ifCyd lsdsUMjh Ldwyksa esa Nk=ksa ds 9kSf{kd Án9kZu ij f9k{kdksa dh 

dq- Áhfr flag 
9kks/k Nk=k ¼f9k{kk ladk;½ 
Iak- jfo9kadj 89kqDy 
fo9ofo|ky; jk;iqj N-
x- 

Mk-in~ek vxzoky                 Mk-lqeuyrk lDlsuk 
Ák/;kid                       foHkkxk/;{k f9k{kk ladk;  
Ekulk f9k{kk egkfo|ky;]dq:n]    dY;k.k LukrdksÙkj egkfo|ky;  
 fHkYkkbZ uxj                    fHkYkkbZ uxj 
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Salicylic acid attenuates salinity-induced growth inhibition in in vitro raised 
ginger (Zingiber of昀椀cinale Roscoe) plantlets by regulating ionic balance and 
antioxidative system 
Amar Hundare a, Veenu Joshi b, Neelu Joshi a,* 

a School of Biotechnology & Bioinformatics, D.Y. Patil Deemed To Be University, Sector-15, CBD Belapur, Navi Mumbai 400614, India 
b Center for Basic Sciences, Pt. Ravishankar Shukla University, Raipur (CG), India   

A R T I C L E  I N F O   

Keywords: 
Antioxidative enzymes 
Chlorophyllase 
Hydrogen peroxide 
Ionic content 
Peroxidase 
Photosynthetic pigments 
Reactive oxygen species 

A B S T R A C T   

Ginger (Zingiber of昀椀cinalis Roscoe) is valued as a spice and herbal plant with high economic importance, but its 
productivity is affected by soil salinity. In the present study, potential of salicylic acid (SA) to reduce salt stress 
was tested in ginger plantlets grown under in vitro conditions. NaCl stress at 150 mM concentration caused a 
signi昀椀cant decline in growth parameters and photosynthetic pigment contents and a rise in Na+, Cl−, H2O2, 
superoxide radical contents, activities of chlorophyllase, superoxide dismutase (SOD), catalase (CAT) and 
peroxidase (POD) enzymes. A foliar spray of 0.5 mM salicylic acid showed a remarkable improvement in the 
growth parameters (around 3-fold increase in shoot number and fresh weight) of stressed plantlets. SA treatment 
enhanced the contents of chlorophyll a (41%), chlorophyll b (51%), total chlorophyll (48.56%), carotenoids 
(36%) and reduced chlorophyllase activity (18%) under salt stress conditions. NaCl - induced activities of 
antioxidative enzymes were further increased by SA treatment. An increase of 71.22, 50.84 and 50.45 percent 
was recorded for SOD, CAT and POD, respectively. A reduction in H2O2 content (31.24%) and superoxide 
production rate (43%) in stressed plantlets was noted after SA application. This treatment also reversed the 
sodium ion toxicity as revealed by a decline in Na+and Cl− contents (90%) with a concomitant rise in K+ ion 
concentration (25.65%) in stressed plantlets. These results indicated that SA-mediated improvement in ionic 
balance and antioxidative defense system contributed to the acclimatization of plantlets under salinity. In 
conclusion, foliar application of 0.5 mM salicylic acid could help recover the reduced growth of stressed 
plantlets. Therefore, SA treatment could be suggested as a feasible approach to produce salt adapted ginger 
plantlets in vitro. Such plants can perform well on saline soils and could serve as a continuous source of raw 
material for ginger industry.   

1. Introduction 

Ginger (Zingiber of昀椀cinale Rosc.), a herbaceous perennial, is one of 
the most important cash crops of the world native to South-Eastern Asia 
(Gang and Ma, 2008). It is valued for its rhizomes which accumulates 
active constituents such as gingerols, shogaols, paradols, zingerone and 
semiterpenes (Mao et al., 2019). The rhizomes are used worldwide as a 
spice in preparation of several food items, beverages, soft drinks and in 
herbal medicines (Gang and Ma, 2008; Tapsell et al., 2006) making it 
commercially important high demand item in the international markets. 
Poor seed setting and low rate of propagation by rhizome account for its 
slow natural regeneration (Ravindran and Nirmal Babu, 2005). 

Exploitation of rhizomes for commercial purpose limits its availability as 
planting material. Further, its production is also severely challenged by 
biotic and abiotic stresses. It is susceptible to soil-borne pathogens such 
as Pseudomonas solanacearum, Pythium aphanidermatum and nematodes 
(Abbas et al., 2011) and sensitive to drought and salinity (Ahmad et al., 
2009; Vivek et al., 2017). All these factors together reduce the overall 
productivity, affecting its supply to the ginger industry. 

Potential of plant tissue cultures in screening for tolerance against 
various environmental stresses has been well established (Kacem et al., 
2017; Muchate et al., 2019). In vitro culture system provides the 
advantage of response being studied under controlled conditions inde-
pendent of other environmental cues existing at the 昀椀eld level. Further, 
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Abstract

The worldwide increase in metropolitan cities and rise in industrialization have resulted in the assimilation of hazardous 

pollutants into the ecosystems. Different physical, chemical and biological techniques have been employed to remove these 

toxins from water bodies. Several bioprocess applications using microbes and their enzymes are utilized to achieve the goal. 

Biocatalysts, such as laccases, are employed explicitly to deplete a variety of organic pollutants. However, the degradation 

of contaminants using biocatalysts has many disadvantages concerning the stability and activity of the enzyme. Hence, they 

are immobilized on different supports to improve the enzyme kinetics and recyclability. Furthermore, standard wastewater 

treatment methods are not effective in eliminating all the contaminants. As a result, membrane separation technologies have 

emerged to overcome the limitations of traditional wastewater treatment methods. Moreover, enzymes immobilized onto these 

membranes have generated new avenues in wastewater purification technology. This review provides the latest information on 

laccases from diverse sources, their molecular framework and their mode of action. This report also gives information about 

various immobilization techniques and the application of membrane bioreactors to eliminate and biotransform hazardous 

contaminants. In a nutshell, laccases appear to be the most promising biocatalysts for green and cost-efficient wastewater 

treatment technologies.

Keywords Bioremediation · Enzyme immobilization · Cross-linked enzyme aggregates · Wastewater treatment · Laccase 

grafted membranes · Endocrine disrupter chemicals

Introduction

Expansion and economic development of countries followed 

by industrial and agricultural growth had led to an increased 

effluent discharge in the environment, ultimately contrib-

uting to the pollution of natural water bodies. Untreated 

chemical effluents generated by industries are discharged 

into the water reservoirs and have been found to increase 

the surface water pollution (Daughton 2004; Hernando 

et al. 2006; Spina et al. 2012; Malhotra and Suman 2021). 

Several contaminants such as fertilizers, pesticides, dyes, 

heavy metals, discharge from pharmaceutical industries 

(hormones and antibiotics) and other chemical derivatives 

like poly aromatic hydrocarbons (PAHs), polychlorin-

ated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins 

(PCDDs) and polychlorinated dibenzo furans (PCDFs) get 

accumulated in these water bodies. These pollutants can be 

hazardous to both aquatic and terrestrial life forms of the 

environment (Lokhande et al. 2011; Deshmukh et al. 2016; 

Sarker et al. 2022). The concentration of these pollutants 

and the water quality can be checked via analysis of several 

physicochemical parameters like pH, BOD, COD and total 

suspended solids (TSS). Maintaining these parameters up 

to their discharge level is an essential requirements for the 

wastewater treatment plants. The major application of these 

wastewater treatment plants is to convert harmful effluents 

into neutral ones (Elekwachi et al. 2014). Traditionally, these 

methods include primary, secondary and tertiary treatments. 

The primary treatment involves the reduction of coarse sol-

ids and sedimentation, secondary treatment includes acti-

vated sludge followed by a tertiary treatment which involves 
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Abstract In this paper, we proposed an innovation diffusion model with three compart-

ments to investigate the diffusion of an innovation (product) in a particular region. The

model exhibits two equilibria, namely, the adopter-free and an interior equilibrium. The

existence and local stability of the adopter-free and interior equilibria are explored in terms

of the effective Basic Influence Number (BIN) RA. It is investigated that the adopter free

steady-state is stable if RA < 1. By considering τ (the adoption experience of the adopters)

as the bifurcation parameter, we have been able to obtain the critical value of τ responsible

for the periodic solutions due to Hopf bifurcation. The direction and stability analysis of

bifurcating periodic solutions has been performed by using the arguments of normal form

theory and the center manifold theorem. Exhaustive numerical simulations in the support of

analytical results have been presented.

Key words intra-specific competition; basic influence number; local stability; Hopf-bifur-

cation; normal form theory; center manifold theorem

2010 MR Subject Classification 34C23; 34D05; 34K18; 92D25

1 Introduction

Diffusion is the particular technique of communication by which a creative thought or

innovative product is acknowledged by the market and signifies a specific level of uncertainty

Received May 29, 2020; revised November 9, 2020.
†Corresponding author: Rakesh KUMAR.
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ABSTRACT 

We study the isophotal shape analysis and  the  bulge-to-total light ratios (B/T ) by the 1-dimensional method 

of surface brightness profile fitting for a sample of 20 early-type galaxies. We perform the bulge-disk 

decomposition in the g, r and i-bands of SDSS images using PROFILER software. We present the surface 

brightness profiles, colour profiles, other derived parameters and discuss correlations among them. Our surface 

photometry analysis reveals that six galaxies have B/T = 1, which means their radial light profiles modelled very 

well by pure bulge, two galaxies have B/T between 1 to 0.7, while 11 galaxies have B/T between 0.7 to 0.3 

which are fitted well with their bulge and disk components with their respective Sersic and exponential 

functions. One galaxy has B/T < 0.2, hence lying into the category of a late-type spiral. We expect that these 

studies may help to get some clues about the formation history of the galaxies. 

Key words and phrases. Galaxy, Early-type galaxies, Surface brightness, bulge-disk. 

 

1. Introduction 

Galaxies are the complex structures of heaven, having gone through different physical processes during their 

evolution period. Clues for the evolution history of galaxies are buried in their morphology. The morphological 

investigation is one of the important tools in our garage to search for some clues. Through this, one can suggest 

if the galaxy has evolved through a re-arrangement of its building blocks or had any mergers like violent 

processes. A popular way to classify the morphology of galaxies includes isophotal light profile decomposition 

as two main components: Bulge and Disk and estimating the total light of the galaxy. The estimated values of 

bulge-to-total light ratio (B/T) help us to separate the galaxies into different classes. Such a scheme is widely 

used for sample selection for further analysis of the galaxies, see selection criteria for early-type galaxies by 

Chaware et al. (2014). In this paper, we present a surface brightness profile and structural analysis of a sample 

of 20 galaxies, chosen from the catalogue by Nair et al. (2010) with redshift range z ≼ 0.02 and magnitude limit 

is g < 14 mag. We prefer a more stable and computationally less expensive approach to profile fitting, which is 

1- Dimensional profile modelling and bulge-disc decomposition to estimate bulge and disc properties of the 

galaxies. We study the isophotal properties of the sample galaxies using a wide-field survey Sloan Digital Sky 

Survey (SDSS) (York et al. (2000)) in optical (g- and r-band) and infrared (i-band) bands. In this study, we 

measure the bulge-to-total (B/T ) light ratio for the sample galaxies and perform the isophotal shape analysis. 

The B/T parameter provides a rough estimation of disk-dominated or bulge-dominated galaxies (Alexander, 

2011). The paper is organised as follows: in Section 2, we describe the sample and data reduction; in Section 3, 

we describe data analysis, colour profile, Figures and tables; Section 4 presents the discussion and conclusion. 

 

2. The Data 

The images of the sample galaxies are drawn from a very popular Wide-field survey SDSS Data Release 9 

(DR9, Paris at al. 2012) which provides background subtracted and science-ready images in five bands  u (3543 

A◦), g  (4770 A◦), r (6231 A◦), i (7625 A◦), and z-band (9134 A◦) in ultraviolet, green, red,  near- infrared and 

infrared filters respectively. In terms of good signal-to-noise ratio, g-, r-, and i-band images are more reliable. 

And hence g-, r- and i-band images are used for our analysis. These images have sky-subtraction applied and 

calibrated in nanomaggies per pixel. Inverted colour r-band images with the coordinate grid of the sample 

galaxies are presented in figure 1 and the global parameters for the sample galaxies are listed in table 1. 
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Review Article

IntroductIon

Since bioactive compounds occurring in the herbal plant are 

popular	as	traditional	medicine	for	di昀昀erent	diseases.	Currently	
using phytochemicals are treated to be secure and friendly for 

the human body. Phytochemicals are bioactive compounds 

naturally occurring which act as medicine and nutrient for the 

bene昀椀ts	of	the	human	health.[1] Plants are a versatile source 

of different organic chemicals or phytochemicals. They 

comprised two groups in respect of their activity in plants 

as primary and secondary metabolites. The metabolites that 

are required to complete plant basic metabolic processes are 

known as primary metabolites, such as fats, carbohydrates, 

proteins, nucleic acid, and chlorophyll. They found throughout 

the plant kingdom. They are produced in large quantities and 

can easily extract. Secondary metabolites are not involved in 

primary metabolic processes but play a role to protect against 

abiotic and biotic stresses and ensure their existence in the 

environment. They usually produced in minor concentration 

and	extraction	often	di昀케cult	and	expensive.[2] Some examples 

are alkaloids, phenolics, terpenes, saponins, flavonoids, 

glucosides, lignans, curcumins, and plant steroids.[3,4]

Plants’ Steroidal Saponins ‑ A Review on Its Pharmacology 

Properties and Analytical Techniques

Sudha Portea, Veenu Joshia, Kamal Shahb, Nagendra Singh Chauhanc

aCenter for Basic Sciences, Pt. Ravishankar Shukla University, Raipur, Chhattisgarh, India, bInstitute of Pharmaceutical Research, GLA University, Mathura, 
Uttar Pradesh, India, cDrugs Testing Laboratory, Avam Anusandhan Kendra, Raipur, Chhattisgarh, India

The plant is a rich repository of useful secondary metabolites with profound medicinal potential. Saponins, one type of bioactive compound, 

are amphitheatric glycosides with one and more hydrophilic sugar and hydrophobic steroidal and terpenoid part. The former is known as 

steroidal saponin, and the latter is called terpenoid saponins. Steroidal saponin is mostly distributed among monocotyledon families such 

as Asparagaceae, Amaryllidaceae, Dioscoreaceae, Smilacaceae, and Liliaceae. Even though it is unusual, it could also be detected to 

some extent by dicotyledonous angiosperms, such as Plantaginaceae, Zygophyllaceae, Fabaceae, Asteraceae, and Solanaceae. It exhibits 

diverse	pharmacological	ability	including	antimicrobic,	anti‑in昀氀ammatory,	cAMP	phosphodiesterase	inhibitory,	antiadipogenic,	bactericide,	
cardioprotective, antitumor, antidiabetic, cytotoxic activity, antifungal, antiviral, antioxidant, and hepatoprotective. Steroidal saponin timosaponin 

AIII from Anemarrhena asphodeloides has been found to possess antitumor activity. Diosgenin, another steroidal sapogenin, has the potential 

of	 preventing	neurological	 diseases	 by	 a昀昀ecting	di昀昀erent	 signaling	pathways,	 increasing	bone	 formation,	 and	 increasing	 antithrombotic	
activity. Spicatoside A from Liriope platyphylla	possesses	anti‑in昀氀ammatory,	antiasthma,	and	antiosteoclastogenic	activities.	TTB2	from	
Trillium tschonoskii exhibits anticancer potential. The cell cycle arrest and ROS-dependent autophagy are induced by polyphyllin I. These 

diverse biological activities of steroidal saponins are attributed to the variability of their structural features. Analysis of steroidal saponins in 

plant materials mainly utilizes classically and advances thin layer chromatography (TLC) on normal and reverses-phase (high-performance 

thin-layer chromatography, densitometric TLC), gas chromatography, LC, UPLC, ultra-high-performance liquid chromatography (HPLC), 

supercritical	昀氀uid	chromatography,	and	HPLC	coupled	to	ultraviolet	detector	and	diode	array	detector.	HPLC	coupled	with	MS	and	Nuclear	
magnetic	resonance	is	used	for	online	identi昀椀cation	of	separated	saponins.	The	present	review	aims	to	furnish	a	comprehensive	account	of	
the recent advances in analytical methods of determination and medicinal applications of steroidal saponins.

Keywords: Steroidal, Saponins, Glycosides, Antitumour, Antioxidant, Analytical techniques
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The current research focuses on the diversity of fungal isolates obtained from the soil and their ability to produce 

cellulolytic enzymes. Out of 76 colonies obtained, 11 fungal colonies were isolated viz. Aspergillus, Humicola and Rhizopus 

being the major genera of the isolates. From the 11 isolates, the identification of potent cellulase producing cultures was 

done using qualitative carboxy methyl cellulase screening test. Following the preliminary screening, five cultures viz., 

Aspergillus sydowii, Humicola sp-1, Aspergillus niger, Aspergillus ustus, Aspergillus flavus were identified to be potent 

with enzymatic indices ranging from 1.25 to 2.29. These were further selected for quantitative enzyme analysis. Aspergillus 

sydowii was found to have highest enzymatic activity and Aspergillus flavus was found to have the least enzymatic activity. 

Our findings revealed that Aspergillus sydowii appeared to be a promising candidate for cellulase production and can be 

utilized for waste recycling and other biotechnological applications.   

Keywords: Aspergillus, Carboxy methyl cellulase, Endoglucanase, Humicola, Lignocellulose 

Introduction 

Population explosion has resulted in increased 

industrialization, which has escalated annual waste 

production. In the current economic scenario, the 

production of energy is also becoming an issue. Hence, 

there is a need to find new sources of raw materials for 

the generation of energy. One of the most promising 

forms available is a lignocellulosic waste. Due to their 

wide existence in nature, they have been exploited for 

the production of biofuels. Lignocellulosic biomass is 

the most abundant biological material derived from the 

biosphere. The major contribution to the cellulose pool 

is made by plants through photosynthesis.1,2 Even 

though cellulose has numerous applications in fields 

such as paper manufacturing, nanomaterials, and 

bioenergy production, it is estimated that 1.5 × 1012 

tonnes of cellulose gets wasted each year.3 The main 

source of cellulosic waste is from industries such as 

forestry, agriculture, and municipal waste. However, 

35�45% of cellulosic wastes are present in these 

residues.4 Since, the tropical and sub-tropical region 

hosts the majority of agriculture, the zone inputs a large 

quantity of cellulosic waste in form of agricultural 

residues, which is either burned or removed from the 

site. This leads to the downfall in productivity, soil 

quality, and organic sources and indirectly causes some 

health issues in humans, loss of biodiversity and 

climate change.5 Scientifically, rapid accumulation of 

this residual waste makes its management challenging. 

Hence, to cope up with upcoming environmental 

challenges, bioconversion of lignocellulosic waste into 

valuable biobased products can be achieved by a 

significant class of enzymes termed cellulases.6,7 

Cellulases are complexes of hydrolytic enzymes 

capable of hydrolyzing cellulosic residues into smaller 

sugar units like glucose. This complex shows high 

breakdown action on crude natural cellulosic residues 

and is found most commonly in fungi. Cellulase is a 

complex enzyme system that contains endo-1,4-β-D-

glucanase (endoglucanase), exo-1,4-β-D-glucanase 

(exoglucanase) and β-D-glucosidase (β-D-glucoside 

glucanhydrolase).8�10 The endoglucanase attacks 

randomly in the internal glycosidic bonds, producing 

glucan chains of different lengths, while the 

exoglucanase breaks down cellulose from the end of 

the chain. Endoglucanase also acts on cellodextrins and 

converts them into cellobiose and glucose. The 

completion of the hydrolysis process is mediated by 

β-glucosidase which cleaves cellobiose and removes 

glucose from the non-reducing end of the 

oligosaccharide.11 The combination of cellulases is also 

used with other enzymes for the breakdown of biomass 

into simple sugars, which are further fermented to 
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