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1 Introduction

1.1 What Are Xenobiotics?

A chemical substance that is not created naturally by the organism or that was not
anticipated to be there is referred to as a xenobiotic (Malchi et al. 2022). They are
present in significantly higher concentrations than typical and are frequently
discussed in relation to environmental pollutants like polychlorinated biphenyls
and dioxins and how they affect the biota (Gupta et al. 2022). They exist in both
organic and inorganic forms and can mimic substances produced biologically that
are necessary for life. Usually chemicals that are foreign to animal life are referred to
as ‘xenobiotics’, and examples of these include plant elements, medications, insec-
ticides, cosmetics, flavourings, scents, food additives, industrial chemicals, and
environmental contaminants (Stefanac et al. 2021). Xenobiotics are of two types:
exogenous and endogenous. Exogenous xenobiotics are those that enter an organism
through food, medication, or environmental inhalation but are not generally created
by the organism itself (e.g. chemicals, pharmaceuticals, pollutants, pesticides, and
food additives). Endogenous xenobiotics are physiologically produced substances
that resemble exogenous xenobiotic chemicals in some ways (Brandts et al. 2021).
These are either created by the human body during various activities or are formed as
metabolites (e.g. Eicosanoids, specific fatty acids, bile acids, bilirubin, and steroids).
These compounds have the potential to be problematic, and it is important to
investigate both their immediate and long-term impacts on people, animals, and
the environment (Ortiz et al. 2022). These are either nonbiodegradable or only
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partially biodegradable, have a slow rate of biotransformation, and can last a very
long time in the environment (Bhatt et al. 2021).

1.2  Xenobiotics in Various Fields

Since many chemical and pharmaceutical businesses use xenobiotics to make
medicines, plastics, detergents, gels, research laboratory chemicals and biochemical
kits, perfumes, herbicides, insecticides, and a wide range of other items, xenobiotics
are essential for people and society. Many compounds used to enhance daily life
(antibiotics, pesticides, dyes, PCPs, additives, etc.) have been developed as a result
of technological advancement in the twentieth century; these compounds may not
always occur naturally in the environment or may do so at concentrations that are
significantly different from those brought on by anthropogenic activity (Mishra et al.
2019). They are categorised as pesticides, pharmaceutical chemicals, personal care
items, illegal substances, industrial goods, and nuclear waste and can be found in the
air, soil, water, plants, animals, and people (Malchi et al. 2022). Industries, including
paper and pulp, fossil fuels, pesticides, explosives, and pharmaceuticals, among
others, are important contributors of xenobiotic chemicals to the environment
(Faggio et al. 2018).

1.3 World Scenario of Xenobiotics

In their lifetimes, humans are thought to be exposed to one to three million
xenobiotics (Esteves et al. 2021). Most of these chemicals undergo a variety of
detoxication processes that, in general, make them less poisonous, more polar, and
easily excretable before entering the body through nutrition, air, drinking water, drug
administration, and lifestyle choices (Collins and Patterson 2020). Xenobiotic pol-
lution of the environment and, consequently, the uptake of these substances by living
things have both increased dramatically in recent decades. The introduction of these
compounds to ecosystems may result in an increase in allergic reactions, increased
mortality of organisms, genetic changes, lowered immune systems, metabolic prob-
lems, and disturbances of ecosystem processes all the way up to the biosphere
(Kucherenko et al. 2021). There are several immediate and long-term repercussions
on natural ecosystems as a result of the diverse medications used, which have caused
the release of dangerous chemicals into aquatic areas. Ecosystems are directly
impacted by xenobiotics, changing things like community parameters, community
structure, diversity, productivity, and energy transfer, as well as succession and
population density (Wang et al. 2022). The world develops up to one million new
products a year, including about 100,000 chemical compounds. Nearly 15,000 of
these are considered possible xenobiotics. Particularly dangerous is the pesticide,
hormone, and trans-fatty acid contamination of food (Gan et al. 2022).
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1.4 Xenobiotics in Aquatic Environments

In typical sewage treatment facilities, some xenobiotic chemicals are
nonbiodegradable and discharged with treated runoff, which could contaminate
aquatic systems like rivers, lakes, and estuaries. Common xenobiotic receptors
exist in traditional sewage treatment plants and must be treated with municipal
wastewater before being released into aquatic systems (Maculewicz et al. 2020).
Some trace metals, xenobiotic substances, and synthetic organic chemicals, such as
PAHs, phthalates, and pesticides, can be detected in water bodies (Dar et al. 2020;
Stefanac et al. 2021). Xenobiotic substances that are released into surface water may
leak into groundwater, although this practice is currently severely prohibited since it
could compromise the ecological integrity of aquatic ecosystems (Tonelli and
Tonelli 2020).

1.5 How It Affects the Aquatic Environment

Within aquatic ecosystems any exposure to xenobiotics in sediment may have
negative impacts at lower trophic levels and/or biomagnify and have more severe
negative toxic effects at higher trophic levels (Tonelli and Tonelli 2020). Over the
past century, there has been a tremendous growth in the variety of synthetic,
xenobiotic compounds entering the environment. Their ecological effects in aquatic
ecosystems are still poorly known in terms of their nature and severity (Arya and
Haq 2019). Long after their original release into the aquatic environment, these
hazardous, bioaccumulative, and persistent chemicals still run the danger of having
deleterious impacts at all levels of biological organisation. Aquatic species experi-
ence oxidative stress and endocrine disruption as a result of the presence of xeno-
biotic contaminants (Mohapatra et al. 2021; Curpan et al. 2022). Their influence on
aquatic ecosystems is well documented, and the manner in which they affect fish and
other aquatic creatures can be broadly divided into three categories: behavioural,
neurophysiological, and reproductive (Chandana and Kote 2020). It is a global
concern that xenobiotic substances, such as poly aromatic hydrocarbons (PAHs),
persistent organic pollutants (POPs), polychlorinated biphenyls (PCBs), organochlo-
rine pesticides (OC), heavy metals, tri-butyl tin (TBT), etc., are contaminating the
marine environment through various pathways (Gupta et al. 2022). A significant
threat to the health of the marine ecosystem is posed by the bioaccumulation of their
residues into the tissues of marine creature by considering the importance of the
topic we have performed a meta-analysis on xenobiotics to know the trend of
research in xenobiotics which will assist the present and future researchers in the
particular field.
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2 Materials and Methods

In order to guide future research by evaluating knowledge domains, measurable
research patterns and intellectual structure, social structures, and emergent research
themes, we performed a scientometric study of xenobiotics-related research in this
work. The visualisation of data through scientometric analysis allows researchers to
examine major changes and developments in the field of study, as well as its overall
expansion. In addition, scientometric analysis can spot trends, collaborations, and
patterns in publications on a certain subject or field of study. In this paper, the
research on xenobiotics was quantitatively displayed and reviewed in a systematic
fashion using scientometric techniques. The research made use of the Web of
Science (WoS) database (Clarivate Analytics, Philadelphia, Pennsylvania), which
includes articles from more than 21,100 high-quality scholarly journals from around
the world, covering more than 250 different fields of study (https://clarivate.com/
webofsciencegroup/solutions/web-of-science-corecollection/).  Microsoft  Excel
2019, Vos Viewer and R-studio were used to export the bibliometrics records
from the WoS database and conduct the analysis. Average citations per article
(ACPP), h-index, and total citations were used to determine how productive institu-
tions and authors were. The h-index is a metric used to evaluate a researcher’s
productivity in the scientific community by analysing the correlation between their
number of citations and the impact of their most highly referenced works (Hirsch
2005). To make bibliometric network maps that anyone can understand, R-studio is
utilised. The software package R-studio was utilised to illustrate the hierarchy of
command, conduct a co-authorship study, and visualise the citation relationships
between individual writers and their respective publications. Different hues were
assigned to different clusters (Waltman et al. 2010). The bibliometrics R-package in
R version 4.0.1 and R-studio version 1.3.959 was used to examine the retrieved
metadata from WoS. Biblioshiny was used for numerous analyses in this
scientometrics report, including trend topics, thematic progression, and multiple
country publication. Associations between nations, authors, and keywords were
used to partition the dataset into multiple color-coded clusters (Van Eck et al.
2010; Waltman et al. 2010). The network visualisation technique was used to depict
the connections between them all, with the proximity of two circles representing how
closely they are related (Khalil and Crawford 2015; Zhao et al. 2018).

3 Results and Discussion

3.1 Xenobiotics

Scientometric studies examine the development of science in a field that may show
the importance of a study, author, or research facility. In the particular subject of
science, it is used to compare the influence of a research paper, researcher, journal,
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and institutions. Based on a search of the WoS database from 1982 to 2022 using the
keywords ‘xenobiotics’, ‘xenobiotics in fish’, and ‘impact of xenobiotics on fish
physiology’, this study was conducted to assess the amount of scholarly material on
xenobiotics that was available. Between 1982 and 2022, journals included in the
xenobiotics WoS category published a total of 33,056 documents on xenobiotics. In
1955, there was the first instance of a scientific paper on xenobiotics that was
indexed in the WoS. The metabolism of xenobiotics and other medications was
covered in the first publication (Testa 1955). There was a sharp rise in research
publications on xenobiotics in the year 1988 and the trend followed till 2020 (Fig. 1).
With an average of two authors per document (1.61%), 0.629 documents per author,
and a collaboration index of 1.68, there were about 52,574 authors. The average
number of citations per document was 37.84, indicating that the documents were of
significant academic and research value.

The results of the scientometric analysis show that, between 1982 and 2022, the
United States contributed the most publications (30.38%), followed by Germany,
China, Japan, and France (Fig. 2).

Pharmacology, toxicology, molecular biology, and ecology were the main areas
of concentration for xenobiotics-focused research and scientific publications that
took place throughout the past 40 years in many different fields (Fig. 3). Pharma-
cology leads the field of xenobiotics research with 4070 articles, followed by
toxicology (3564), molecular biology (3131), and ecology (2570). Significant xeno-
biotic research was conducted alongside work in cell biology, biotechnology,
genetics, and engineering.
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Fig. 2 Publication output of top 10 countries on xenobiotics research

3.2 Xenobiotics in Fish

With an average citation per document of 35.71 and a collaboration index of 3.79,
about 3876 writers have contributed to 1080 documents about xenobiotics in fish
study. According to scientometric study, the top contributing nations for xenobiotics
in fish research were the developed nations like the United States, France, Germany,
Canada, and China (Fig. 4).

The study of xenobiotics in fish initially fluctuated greatly year to year and peaked
in the previous decade. The main institutions that contributed to the research were
Oregon State University, the Rudjer Boskovic Institute, the USEPA, the Chinese
Academy of Sciences, the University of Aveiro, and the Spanish National Research
Council (CSIC). The top researchers in the field of xenobiotics in fish include
Andersson, Goksoyr, Schlenk, Cashman, Forlin, James, Pritchard, Monod, and
Buhler with a great rate of collaboration (Fig. 5).

3.3 Effect of Xenobiotics on Fish Physiology

The effect of xenobiotics on fish physiology was the subject of scientometric
analysis, which found a total of 65 published documents by 253 contributing
authors, with a collaboration index of 4.13 and an average number of citations per
document of 50.71. The publications did not follow any trend over the years with
comparatively higher number of publications in 2017 (Fig. 6).

Most research on xenobiotics effects on fish physiology has been done in the
domains of toxicology, marine freshwater ecology, endocrine metabolism, and fish
pharmacology. Sugiyama, Yamazaki, Gershwin, and Wang are among the authors
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Fig. 5 Top researchers in the field of xenobiotics in fish from various countries
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who have contributed the most to studies on xenobiotics effects on fish physiology,
and the most influential countries in the research on xenobiotics effects on fish
physiology were the United States, Japan, China, and the United Kingdom (Fig. 7).
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networking, and the research source

4 Conclusion

The United States, Germany, and China had more publications in the current study
than the other nations combined. China and the United States are large producers of
xenobiotics, and perhaps as a result of the negative effects that these xenobiotics
have had on their aquatic ecosystems and environment, more study has been
conducted in these nations. To have a broad overview of the research investigations
conducted in this research field, 33,056 research publications in total were analysed.
The research literature produced between 1982 and 2022 was divided and assessed
to determine the change in the pattern of authorship and their affiliation. It
highlighted the key regions, nations, and authors who are leading the field of
research on xenobiotics in fish. In this study, a moderately high level of collaboration
was identified both between and within nations. Additionally, it was discovered that
developed countries with advanced scientific and technological infrastructure had
begun xenobiotics-based research much earlier and produced a large number of
publications. However, very recently, the trend has changed as developing countries
like India have taken on the difficult studies of xenobiotics in aquatic environments
and their effects. The study’s scope was constrained by the fact that it was nearly
entirely dependent on datasets obtained through WoS. However, the study’s general
patterns and important measures may be used as a basis for deciding how to
strengthen institutions, collaborate more effectively, increase grants, and prioritise
research priorities. Similar scientometric analyses of numerous xenobiotics effect on
diverse aquatic creatures over time could undoubtedly aid in understanding the
direction of the field’s study. The scientometrics analysis that was undertaken
gives a global picture of research on xenobiotics in developed as well as emerging
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nations. Policymakers will find the data helpful in identifying the dominant trends in
this area. Governments can use it to plan for the future, spending money on new
research. Additionally, it has emphasised the key institutions for financial advice and
networking, academics for spotting hot-button research subject with the influential
and active individuals in the sector, and industries to discover solutions to the
xenobiotics in aquatic environment issues. As a result, this research report will aid
in identifying potential future line of works.

5 Virtual Reality Application in Various Domains

S.
no | Domain Application Source
1 | Agriculture VR-based simulation of the natural | https://www.agritechtomorrow.
environment for cows to improve com/article/2020/11/smart-farm
quantity and quality of milk ing-is-ready-for-augmented-and-
virtual-reality/12516
2 | Medicinal Application of VR to understand the | https://www.news-medical.net/
science complex treatment procedure before | health/Applications-of-Virtual-
carrying out the treatment to the Reality-in-Medicine.aspx
patients
3 | Remote sens- | VR- based interaction with real Singla (2021)
ing and GIS objects using 3D visualisation
4 | Oceanography | VR- based creation of plankton zoo | Walcutt et al. (2019)
and 3D visualisation of plankton to
learn about phytoplankton
5 | Oceanography | VR application in mimicking natural |Jaffe et al. (2011), Josef (2018)
habitat to elicit behavioural response
(e.g. camouflage) in Loligo
opalescens
6 | Oceanography | Creation of immersive virtual Jung et al. (2013)
aquarium with real-walking naviga-
tion by using VR
7 | Fishing areas | Application of VR to map the fish- | https://www.gmw3.com/2021/12/
ing location present in the US go-us-west-coast-fishing-in-real-
country to know about the different | vr-fishings-upcoming-dlc/
fishing locations
8 | Engineering VR- based creation of prototype https://www.xcubelabs.com/blog/
and design machinery to examineand modify the-applications-of-virtual-reality-
any defects in the system rather than | in-the-manufacturing-industry/
making a physical prototype
9 | Military Application of VR for realistic mil- | https://www.futurevisual.com/

itary training to combat high-stress
situations and improve skills over
handling weapons and range of
communications.

blog/uses-vr-military-training/

(continued)
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S.
no | Domain Application Source
10 | Sports VR sports entertainment accelerates | https://www.strivr.com/solutions/
the athletes training regimen, giving | industries/sports/#~:text=A%20
them a chance to run unlimited reps | Virtual%20Reality%20(VR)%20
to perform better in a true event sports,best%20when%20it%20
truly%20matters
11 | Manufacturing | VR- based manufacturing will allow | https://www.onewatt.eu/post/
the worker to interact with the inside | extended-reality-in-machine-main
of an engine to create, repair and to | tenance-and-repair
maintain the machinery
12 | Veterinary Application of VR to understand the | https:/guides.lib.vt.edu/vetmed/
medicine anatomy of dog, cow, and equine vranatomy
13 | Tourism VR technology implementation of | Pestek and Sarvan (2020)
smart tourism to provide informa-
tion about destinations and attrac-
tions while showing its potential to
become a new tourism service
14 | Entertainment | VR- based games, theatre, museum, | https://jasoren.com/virtual-reality-
amusement park, gallery, live music | for-the-entertainment/
concerts, hobby lessons
15 | Archaeology A prototype of Pleito Cave was Cassidy et al. (2019)
reconstructed by using VR which
leads to understanding the real-time
information of the caves
16 | Education VR- based learning is a promising | Christou (2010)
tool to learn the concepts clearly and
also engages multiple senses
17 | Forestry Application of VR to map the pres- | Bednarz et al. (2016)
ence of jaguars throughout the
Peruvian Amazon for the effective
conservation
18 | Environment Application of VR to know the https://www.unep.org/news-and-
individual carbon print in their daily | stories/story/experience-your-car
activities will make them think in a | bon-footprint-vr
different way to reduce carbon
footprints
19 | Horticulture VR- based learning of plant physi- | Ai-guo et al. (2011)
ology can make the individual to
grow the plant and can make them to
tackle the arising problem
effectively
20 | Medicine VR technology employed in the https://www.labcompare.com/10-

drug discovery by engaging differ-
ent scientist in a place for real-time
modification or identification of
molecules or drugs

Featured-Articles/577506-VR-for-
Science-Drug-Discovery-and-
More-in-the-Virtual-World/
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6 Status of Fisheries Education in India

In comparison to veterinary and agricultural education, professional fisheries edu-
cation in India got established later. The Central Institute of Fisheries Education in
Mumbai was started in 1961, and it was in 1969, under the auspices of the University
of Agricultural Sciences, Bengaluru, that the first Fisheries College in Mangalore
opened, marking a new era in the professional fisheries education in India at the State
Agricultural/Veterinary Universities. There are more than 32 fisheries colleges and
3 universities offering fisheries education in India for bachelors, and master and PhD
degree programmes. The present annual intake capacity of the B.F.Sc., M.F.Sc., and
PhD programme is 1500, 425, and 185, respectively, while the annual out turn is
about 80-85% of intake (Kumar et al. 2018). Universities and colleges have always
been at the forefront of new technologies, driving innovation, changing industries,
and training the next generation of scientists, developers, and business owners. Right
now, virtual and augmented reality technologies are at the cutting edge of progress,
and things are changing quickly.

7 Possible Virtual Reality Application in Fisheries
Education

Immersive VR application allows the students to reach to any possible environment
without being actually present.

8 Distance Learning/Virtual Classrooms

Students who are able to think creatively have a better shot at learning the problem-
solving, teamwork, and efficiency skills they will need in college and beyond.
Teachers can employ exploration-based learning, an active learning strategy that
encourages students to learn through curiosity and enquiry, to assist students to
acquire confidence and make their education more meaningful (Fig. 8). The concept
of distance learning is growing up after the Covid-19 lockdown as people get used to
online learning platforms. One of the major problems in online learning platforms is
physical engagement, which can be sorted out by virtual reality. Virtual reality
classroom in many examples showed significantly better learning motivation, learn-
ing outcomes, and positive impacts on learning students’ achievement scores (Liou
and Chang 2018).
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Fig. 8 Virtual reality benefits in education
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9 Virtual Field Visits

Visiting a real workplace, especially one that could put students in harm’s way, can
be prohibitively expensive and time-consuming for those pursuing a practical
education. The simulations on underwater environment like trench, coral reef
areas; real-time fishing in ocean and freshwater environments, research cruise,
aquaculture farms, virtual museums, climate change studies, etc., can be created,
which can enable the student to visit these areas from their convenient places and cut
down the travelling cost and time. VR creates psychological presence, a sense of
being there, due to the immersive VR tracking system that detects the user’s body
movements and enables them to feel as though their body is moving in the virtual
world and the virtual world is reacting to their movement. VR is an effective
treatment for some of the phobias like aquaphobia (Morina et al. 2015) and anxiety
disorder (Opris et al. 2012) due to its high level of presence. Virtual reality meetings
such as conferences, workshops, and symposia are gaining popularity all over the
world. One of the best examples in the fisheries is the thirteenth AFAF (Asian
fisheries aquaculture forum) held in virtual mode in 2022.

10 Virtual Fish and Fish Systems

Traditionally, textbooks, live animals, and cadavers are used in fisheries anatomy
and biology classes to develop a solid foundation of knowledge. The practical
connectivity of students in the anatomy of finfish and shellfish, and biology of finfish
and shellfish systems is difficult in the textbook education. Three-dimensional
(3D) software programs provide a platform for deeper examination of anatomical
structures but are unable to deliver a fully immersive experience. The use of virtual
reality (VR) provides a new type of learning environment and avoid sacrificing live
organisms (Fig. 9). Dissection and identification of vital organs by the students
themselves will be very easy in the VR environment as the users can zoom in and
zoom out the parts and they can know the functions of the organs and systems.

11 Virtual Labs

As the accreditation criteria of many accrediting bodies emphasise, acquiring prac-
tical skills is a critical component of learning outcomes in any fisheries degree. It will
be especially difficult to ensure efficient achievement of these skills with limited
physical delivery. One possible solution to this problem is to use virtual lab
experiments and simulations to help students understand the concepts, important
relationships between variables, and potential impact on experimental rig operation
before physically carrying out an experiment in a laboratory within a much shorter
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Fig. 10 Students of ICAR-CIFE enjoying the virtual reality programme

timeline. Field of cell biology, toxicology, pharmacology, histology, and pathology
studies in aquatic organisms involves hazardous or toxic chemicals in laboratories,
which can be avoided in VR education. The wastage of costly chemicals also can be
overcome in VR education, and the experiment for teaching can be repeated n
number of times (Fig. 10).
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12 Conclusion

Those interested in the new teaching technique should not miss this chance to learn
more. Virtual reality has the potential to completely transform education at all levels
by bringing a new dimension to the learning process. Augmented reality promotes
student learning and comprehension through experimentation. We are currently only
witnessing the beginnings of a paradigm shift in education brought about by virtual
technologies. Increasing accessibility is another key component of the future of VR
in the classroom. It benefits both education and technology. Augmented reality is
gaining popularity as application development incorporates new technology. As VR
hardware and software continue to decrease in price, it will soon permeate all facets
of the educational system. Virtual reality (VR) solutions have been proven effective
across a variety of educational settings, and they are generally well received by
viewers. Augmented reality (AR) can transform human existence due to its many
benefits. We must assess unsolved research problems about virtual reality’s
(VR) future barriers and potential benefits. Recent advances in telecommunication
systems, especially the rollout of the 5G network in big economies like China, India,
and the United States, will boost VR-based markets. The Web 3.0 is the next big
revolution that is happening in the world today. The ongoing Covid-19 pandemic
pushed the world to adapt and evolve to challenging situations to keep the economy
running. Every aspect of life, be it education, shopping, running business, banking,
and attending office, became online. Being online is the new normal these days. This
is why VR is going to have a huge impact in all the sectors. VR is increasingly used
in education and training in academia, healthcare, tourism, shopping, and in auto-
mobile and space industries. From an educational point of view, VR will revolu-
tionise the learning experience. Students can immerse and understand subjects that
are challenging to grasp via conventional learning. Increase in educational content in
the VR arena will certainly take education to the next level in the coming genera-
tions. Medical students can have real-time experience in complex surgeries via
pre-recorded real-time surgery videos captured directly through the eyes of the
surgeon himself and an engineering student can have hands-on training in 3D
modelling of complex machineries. A fishery student in relative terms will get to
experience real-time immersive knowledge in a variety of aspects like underwater
oceanic observations, craft and gear handling at the sea, fish processing in big
industries, aqua feed production in feed manufacturing plants, and hatchery opera-
tions to which the students have limited accessibility in many grad schools. In
limited resource settings, VR contents can be crafted to aid the students’ needs.
For example, it is not always necessary for all students to dissect a fish to learn
different parts of its body; every time the student will not get exposure to study
taxonomy of diverse fish groups within a semester, as fish availability depends on
the season and fishing effort which varies substantially across the country. VR can
solve these problems by creating interactive contents to give students a real-time
immersive learning experience around the year and across the country. Not only
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does this adaptation make learning wholesome, it cuts down costs and resources
associated with it.
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