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INTRODUCTION  

 
Dear Distinguish Friends, Guests & Colleagues  
According to World Health Organization (2016), around 24% of global deaths are caused by 
violations of environmental protocols. People required fresh water to drink, clean air to breathe, 
and places to live free of toxic substances and hazards through sustainable environmental 
practices to secure future growth potentials and help build prosperous communities. 
Currently, we are witnessing global climatic, biological & geological transformations taking 
place on the Planet & having a significant impact on all aspects of modern human life. 
Environmental ecology changes affect all countries & continents, their negative consequences 
are felt not only by underdeveloped states, but also by states that are usually referred to as "post-
industrial", i.e. states with a high level of economic development & advanced technologies. 
Based on environmental monitoring data, the current state of the environment is characterized, 
especially in areas of intensive industrial production, negative anthropogenic factors are 
identified that violate the ecological balance in the territories of active resource extraction, & 
the environmental threats arising in this connection. It is noted that in the context of increasing 
economic activity & global climate change, compliance with environmental safety requirements 
becomes a factor capable of ensuring sustainable economic development. 
In the context of large-scale environmental degradation, ensuring sustainable socio-economic 
development is impossible without achieving the required level of environmental safety, which 
allows carrying out production activities without going beyond the capacity of the biosphere.  
The main approaches of the IXth Symposium - 2025 are mentioned below. 
ï Discusses a new environmental strategy based on the biosphere approach & considering 

the regularities of biosphere development & includes supplementary material on the 
influence of technologies on global climate change, the development of natural disasters 
& biosphere degradation. 

ï Highlights the contradictions between the market economy & ecology as well as the 
Symposium-2024 provide new facts about the global environmental crisis to be expected 
in the following 10 years. 

ï Ensuring environmental security is among the global strategic tasks. This problem is 
related to the rapidly aggravating threats caused by increasing population growth on the 
Earth, diminishing life -supporting resources, technologies, global climate change, & 
escalating natural disasters.  

ï Environmental safety becomes the most important factor controlling human survival on 
the Planet. 

The IXth International Annual Symposium ɀ 2025 examines the state of natural environment & 
the causes of its degradation using the biospheric approach. The increasing human population 
has resulted in people being more involved in research & innovation to find means of dealing 
with the increasing demands for food.  
The 21st century has witnessed numerous challenges affecting human life. One of these 
challenges is problems encountered in achieving food security by many nations across the globe, 
resulting in many people being unable to meet their basic human need of access & affordable  
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food. The innovation of human beings is in increasing food production & ensuring food security 
through biotechnology. As such biotechnology plays a part in food security which refers to the 
secure, adequate supply of food for everyone. 
The COVID-19 pandemic disease now affects the entire world & has many major effects on the 
global economy, environment, health, & society. Focusing on the harm COVID-19 poses for 
human health & society. The world is unsure about the possible determining factors of the 
COVID-19 pandemic, which need to be known through conducting nonlinearity relationships, 
which caused the pandemic crisis. The study should examine the nonlinear relationship 
between COVID-19 cases & carbon damages, managing financial development, renewable 
energy consumption & innovative capability in a cross section of most global countries. 
Advances in sector of vaccinology & immunology dependency on innovations in biotechnology, 
especially genomics, signature tagged mutagenesis, proteomics, immune modulation, 
computational simulations & complicated system analysis. These fields gain experience quickly 
growing or developing knowledge which increased realizations of the human immune system & 
pathogens. 
Artificial intelligence  is an important field of computer science & engineering to make machine 
capable to show intelligence like human. The idea of artificial intelligence  is discovered upon 
the concept which human think & reasoning procedures is conventionally expressed, collected 
& conventionally embedded into machines. Artificial intelligence  includes intelligent agents 
(e.g., systems which recognize their environment & make decisions & take actions) to execute 
operation like reasoning, planning, knowledge extraction, learning, perception, 
communication, moving & also handling & operating objects. The field of Artificial intelligence 
is flourishing thanks to large investments & big companies with heavy ecological footprints can 
use it to make their activity more sustainable. This field focuses on multiple areas where 
Artificial intelligence  can be helpful in achieving such goals. Thanks to the use of artificial 
intelligence specifically relationships between both people & computers (for example, different 
elevation or land cover datasets, or hydrologic models, are consistently labelled with clear, 
uniform & unambiguous descriptors). Artificial intelligence plays an important role in achieving 
not only environmental but all other Sustainable Development Goals- from ending hunger & 
poverty to achieving sustainable energy & gender equality to protecting & preserving 
biodiversity. Artificial intelligence has the potential to accelerate global efforts to protect the 
environment & conserve resources by detecting energy emission reductions, CO2 removal, 
helping develop greener transportation networks, monitoring deforestation, & predicting 
extreme weather conditions. Artificial intelligence provides means to tackle the most pressing 
environmental challenges such as climate change, biodiversity & conservation, ocean health, 
water issues, healthy air, weather forecast & disaster resiliency. 
Several studies have demonstrated the negative impacts of environmental pollution on 
population health; in general, few studies have examined the potential differential effects on the 
physical health of middle-aged & older populations. It is widely recognized that non-
communicable chronic diseases have become more prevalent than infectious diseases in the 
world. Environmental pollution is associated with a range of chronic conditions & represents a 
major public health burden. 
Environmentally, problems of air pollution occurred in many of worldwide. Recent studies 
demonstrated that environmental pollution significantly increased the number of chronic  
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diseases as well as the risk of being sick, thereby highlighting the corrosive effect of pollution 
on physical health status. This negative effect was stronger as pollution intensity grew. The 
growing prevalence of chronic conditions over the last 20 years has become a serious health 
problem & the main cause of premature mortality. 
Pollution problems are severe in Worldwide.  
Presently, air pollution is a burning problem for every part of the globe. More than 100 pollutants 
which pollute air have been identified. They may be in the form of solids, liquids or gases. They 
differ significantly from place to place depending upon the complex of contaminant source & 
atmospheric conditions. The air pollutants emitted from both natural as well as anthropogenic 
sources. Air pollution has become a severe environmental stress to crop plants due to increasing 
industrialization & urbanization during last few decades. 
One way to reduce pollution is through green innovation which is defined as the 
implementation of new, or significantly improved, products, processes, marketing methods, 
organizational structures & institutional arrangements which, with or without intent, lead to 
environmental improvements compared to relevant alternatives. It is one of the most important 
choices that firms make to deal with environmental issues & build sustainable development.  
Green investment refers to the investment necessary to reduce greenhouse gas & air pollutant 
emissions, so green investment is also called environmental protection investment, ecological 
investment, etc. globally, groundwater not only provides valuable freshwater resources but also 
supports agricultural cultivation & industrial production activities, playing an increasingly 
important role in human life, ecosystems, & sustainable development. However, many countries 
in the world are facing the pressure of water resources & environmental problems, such as water 
shortage, water pollution, & frequent occurrence of extreme hydrological events under the 
influence of climate change & anthropogenic activities. Understanding the quality & associated 
hydrogeochemical evolution process of groundwater are urgently required for managing & 
utilizing groundwater resources in the world.  Drainage of treated wastewater to surface water 
is a severe threat to the health of aquatic organisms. A major human activity or natural event 
may cause changes to the surface attributes immediately or after a period. Water is the source 
of life.  Facing the increasingly serious shortage of fresh water & pollution of the water, remote 
sensing-based monitoring of water has received widespread attention. Urban rivers are closely 
related to the lives of urban residents & remote sensing data has also been widely used to 
monitor changes in water quality of urban river. 
Environmental pollution from petroleum compounds has become a major problem, both 
biologically & economically. Oil spills in aquatic ecosystems are among the worst catastrophic 
events that can affect & compromise aquatic life. The contamination of aquatic ecosystems with 
oil may be caused by accidental oil leakage from petroleum reservoirs & oil deposits, damage to 
pipelines, oil extraction platforms, & discharge of effluents from refineries, etc. Crude oil is a 
toxic compound mixture with a high potential for bioaccumulation in the body of aquatic 
organisms. 
Plastics continue to have a critical & essential role in human society such as food packing, 
product packages & building materials. Plastic waste spreading around our planet has become 
one of the biggest concerns of this century. Massive production & use of plastic products bring 
convenience to people while leading to the accumulation of plastic pollutants in the 
environment.  
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In total, 80% of plastic wastes can accumulate in landfills or be released into natural 
environments. Every year, open oceans are dumped with an estimated 4.8 to 12.7 million tons of 
plastics due to improper waste management strategies. The recycling is much less than the 
generated plastic waste & accounts for only 9% of the total plastic waste discarded. In the 
meantime, it has been recognized as a global sustainability priority to study &mitigate pollution 
of plastics & the associated unknown impacts from ultrafine plastic particles.  Microplastics 
particles, for instance, have been detected in the aquatic environment globally & have raised 
scientific interests & environmental concerns. The larger plastics in turn are fragmented by 
chemical reactions, UV radiations, wave action & biodegradation to form small plastic pieces, 
termed microplastics. Microplastic pollution has gradually become a global problem & attracted 
much attention from scientists. Plastic particles have invaded almost every ecosystem of the 
earth & their significance can be marked by the fact that they are even seen in drinking water. 
The pollution of soils & plants & their location in different climatic, physiographic & 
geochemical conditions require not only constant monitoring of the soil condition, but also the 
development of differentiated approaches to assess & prevent the risk of pollution. The 
development of technologies for the rehabilitation of soil properties, including its fertility is also 
a challenge. The problem of soil monitoring & rehabilitation is becoming increasingly topical 
due to population expansion to abandoned mining areas & other industrial areas. It was 
especially important evaluate the variation & spatial distribution of natural & man-made 
associations of macro & microelements as a key to understanding the dynamics of sustainability 
of natural & anthropogenic substances and their spatial structures formed in soils that we need 
to know to return to safe operation of polluted land.  
The socio-environmental crisis & the complexity of urban problems highlight the importance of 
better understanding the emergence & configuration of social innovation ecosystems & their 
impact on cities. 
The globalization index is composed of economic, social, & political factors. Economic 
globalization is generally the combination of financial factors as well as trade dimensions. Many 
empirical studies investigated the effects of globalization on the ecological footprint.  
In 2018, global energy utilization increased by 2.9% & this rate of increase was almost doubled 
compared with the average rate of 1.5% per annum in the preceding 10 years. In addition, the 
overall resource consumption has already surpassed the resource generating capacity of the 
earth causing an ecological deficit that can have detrimental effects on global population. 
Despite the economic development, most world nations could not develop their industrial 
sector to the desired extent. Therefore, the financial sector has an undeniable role in the 
structural transformation & energy transition of these nations. This structural transformation 
helps in the reduction of environmental pressure since the service sector produces less 
ecological damages. 
The ecological footprint is a strategy advanced by the Global Footprint Network (2020) to 
quantify human requirements on natural capitalɂthe number of natural resources required for 
an individual or an economy. 
The Earth has undergone warming & cooling numerous times since its formation over billions 
of years ago. These changes have emanated from several atmospheric & land use systems leading 
to natural disasters which are the biggest global, regional & local challenges in recent years. 
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Climate adaptation & low-carbon investment in areas such as climate change, renewable energy, 
& clean technology in green investment. Considering pollution control within environmental 
protection investment is green investment in a narrow sense, while a broader definition of green 
investment should consider multiple aspects of the environment, the economy, & society.  
Climate change has a large impact on tourism activities in terms of the change of spatial & 
temporal distribution of temperatures, the availability of beaches for recreation, & the quality 
of the coastal environment. Climate change will have far-reaching effects on many aspects of 
human activity, including agricultural & industrial productivity, real estate markets, human 
health, & even recreational opportunities. Crafting efficient climate policy requires a 
comprehensive understanding of these many consequences. 
Today, climate change primarily takes the form of an increase in temperature which induces a 
global rise in sea level. The low-lying coastal areas, including but not limited to coastal tourism, 
will be at risk depending on the preparedness & the resilience of different societies. Coastal 
tourism is a climate-dependent industry & is closely linked to natural resources such as climate, 
beaches & sea. Global climate has undergone unprecedented changes due to several natural- & 
human induced factors. Residents undertake temporal evacuations with financial assistance 
from local financial institutions . Global warming has resulted in the formation of several large-
scale climate events in the twenty-first century. Sea level rise has resulted in the submersion of 
coastal lands. Notable among these is sea level rise which is an adverse impact of global 
warming. This has eventually amplified submersion & occasional flooding tide in low-lying 
coastal environments. 
The coasts of sub-Saharan Africa & those along the Pacific particularly have not been spared 
from the harsh effects of climate hazards. For instance, the WHO in 2002 estimated an annual 
death rate of about 150,000 caused by climate hazards in the sub-Saharan region every year. 
Concurrently, urbanization is a sensitive indicator that has exacerbated climate hazards in cities 
due to poor planning & the changes done to land cover. In growing coastal cities, sea level rise, 
inundation & submersion among other climate hazards have claimed lives & destroyed 
properties worthy.  
This phenomenon is again driven by human activities such as deforestation of mangroves & 
coconut trees that play primary roles in carbon sequestration & serve as coastal defence systems. 
A consistency ratio of 10% based on pairwise comparisons of risks along with associated impacts 
show the judgements from respondents are pragmatic. 
Crop productions are highly vulnerable to climatic changes associated with the increase in 
annual temperature & changing patterns of rainfall. The increasing average annual temperature 
change has the potential to distort the productivity growth of major agricultural crops & 
aggravate food security conditions in world. 
As biotechnology, phytoremediation uses the potential of plants to remove pollutants & 
contaminants from the environment, which occurs through different processes. Most 
phytoremediation studies for water purification focus on the use of aquatic macrophytes. These 
plants species have different levels of contaminant tolerance & when used in combination in a 
decontamination system, they provide an environmentally sustainable & economically viable 
technology.  Moreover, ornamental plants can be used to compose buffer strips mitigating 
contamination of rural areas in the vicinity of contaminant sources & the resulted biomass used 
for bioenergy production. However, more studies also need to assess the ornamental quality of  
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plants produced in contaminated environments as well as the accumulation of contaminants in 
the marketable organs of ornamental plants, such as flowers & foliage, aiming to evaluate the 
feasibility & safety of their commercialization. Ornamental plants can be used for 
Phytostabilization, promoting the beautification of contaminated sites, tourism & 
environmental education. 
Impacts of Eco-Innovation on the Environmental Safety are become modern technology to 
increase the development & more biosphere security. The concept of eco-innovation has begun 
to be considered as a solution to preventing environmental damage, especially since the 1990s. 
Eco-innovation is expected to reduce amounts of waste, air pollution, & material resource usage.  
However, the effect of eco-innovation on environmental & financial performance has received 
limited attention. While factors such as global agreements, market conditions, technologies & 
regulations have important implications for the environment, eco-friendly investment can still 
be considered an additional charge for companies. New technologies have significantly changed 
production concepts. It has been a matter of curiosity to us how this situation will change 
financial & environmental performance. 
The use of pesticides, insecticides, & fertilizers has become indispensable in agricultural 
production for higher yield of crops to meet the growing demands for food on a global level. 
Out of the total consumption of 6 million tons worldwide of these chemicals, only 1% reaches 
the target pest & the rest ends up in different environmental segments posing a potential risk to 
non-target organisms. 
There is growing recognition of the potential environmental & socio-economic benefits of 
applying a circular approach to urban organic waste management through resource recovery. 
Decisions around planning & implementing circular urban waste systems require estimates of 
the quantity of resources available in waste streams & their potential market value. However, 
studies assessing circular economy potential have so-far been conducted mostly in high-income 
countries, yet cities in low- & middle-income countries have different challenges when 
developing a circular economy. 
Global environmental investment, as an effective means of world investment, provides financial 
& ÈÕÍÁÎ ÓÕÐÐÏÒÔ ÆÏÒ ÇÌÏÂÅȭÓ ÇÒÅÅÎ ÔÅÃÈÎÏÌÏÇÙ ÉÎÎÏÖÁÔÉÏÎÓ ÔÈÁÔ ÒÅÑÕÉÒÅ Á ÌÁÒÇÅ ÁÍÏÕÎÔ ÏÆ ÃÁÐÉÔÁÌ 
investment. The proportion of global environmental investment reflects the importance that 
the global attaches to green technology innovation. Environmental investment & the 
application of green technologies is bound to influence global energy efficiency. 
Subsequently, energy value & environmental concerns rise to imperil the sustainability of the 
developing economy. Oppositely, renewable energy is shaped after topped off natural resources 
to upgrade energy security & obliging the issues of environmental change & a worldwide 
temperature alteration.  
Renewable energy implies a fundamental component for achieving continuous economic 
advancement. The energy significantly boosts the level of economic growth according to the 
energy-led growth hypothesis & energy reduction policies effectively depressed the level of 
economic growth. This relationship is also called unidirectional association between energy & 
growth; therefore, the energy acts as the complement of the other inputs & imperative 
ingredient of the production process. 
The IX th International Annual  Symposium - 2025 will provide the newest innovate approaches & 
methods to prevent the environment & secure the environmental elements (Air, Soil, Water,  
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Biodiversity, Food, Health, Wastes, etc.) based on research on life sciences, engineering, modern 
biotechnology & also provide the platform for all experts from academia, industry & research 
laboratory to discuss the latest hot research & achievements.  
Environmental Health, Quality, Regulations, Safety, Security level should be considered in the 
future of the scientific basic research all over the World. 
The growing urbanization and rising global population have intensified the need for sustainable 
and safe food production. However, excessive use of chemical fertilizers, pesticides, and 
unsustainable farming practices have led to soil degradation, loss of biodiversity, and declining 
fertile lands worldwide Agriculture is crucial for food security and safety, but agrochemical 
insufficiency in managing pest infestations leads to agrochemical overuse, reducing crop yields, 
escalating disease outbreaks, and dispersing resistant organisms. The Green Revolution led to 
inconsiderate usage of chemical synthetic pesticides and fertilizers resulting in low soil 
biodiversity and resistance to pests and pathogens. 
The primary goal of agriculture is to ensure food security while maintaining ecological safety. 
Inefficiencies in resource utilization within agricultural and food systems have significant 
impacts on sustainability across three key dimensions. Environmentally, food loss and waste are 
often major contributors to the depletion of natural resources and environmental pollution. 
Economically, food wastage has particularly serious consequences during the retail and 
consumption stages. 
Agro-ecological practices aim to improve both operational and resource-use efficiency by 
replacing harmful inputs with eco-friendly alternatives and designing sustainable agricultural 
ecosystems. Practices such as spatial bioengineering, species diversification, and soil 
management contribute to the creation of environmentally sustainable and productive farming 
systems. 
Pesticides are chemicals or biochemicals utilized to protect crops from pathogens (such as 
bacteria, viruses, fungi) and pests (including insects, rodents, and unwanted plants). Their usage 
has significantly increased over the past few decades. Pesticides play a vital role in enhancing 
agricultural productivity, supporting public health initiatives, and maintaining urban green 
spaces. They are also employed to improve the quality of gardens and sports fields, as well as to 
ensure safety along highways and railways. Beyond agriculture, pesticides are widely applied to 
managing pest infestations globally, targeting mosquitoes, cockroaches, fleas, rats, ticks, and 
other harmful creatures in residential areas. Herbicides are specifically used to control 
unwanted vegetation, while insecticides address a broad spectrum of insect pests. isinfectants 
can help manage pathogen spread, and rodenticides are effective in eliminating rodents. In 
addition to pesticides, various other chemical inputs are crucial for improving agricultural 
productivity. Fertilizers, particularly  nitrogen and phosphorus fertilizers, have seen substantial 
global use. The application of nitrogen fertilizers increased from approximately 12 million metric 
tons in 1961 to about 112 million metric tons by 2020, reflecting an increase of nearly eightfold 
during that period. Phosphorus fertilizer use has also risen significantly but at a slower rate. The 
demand for P fertilizers is expected to increase further as global food production needs rise. 
Chemical inputs such as soil amendments like lime and gypsum, also improve soil structure and 
nutrient availability. Plant growth regulators  influence plant growth processes, while 
biostimulants enhance nutrient uptake efficiency and stress tolerance.   
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Additionally,  veterinary drugs in livestock production can indirectly affect crop yields by 
improving animal health.  
Emerging technologies such as nanoformulations of fertilizers and pesticides are gaining 
attention for their potential to improve efficiency and reduce environmental impact. For 
instance, nanofertilizers can increase nutrient uptake by plants while minimizing leaching into 
water systems. These advancements aim to enhance the effectiveness of traditional fertilizers 
through controlled release mechanisms and improved bioavailability. The toxic side effects of 
pesticides present significant risks to environmental health, affecting rivers, wildlife, flora, and 
soil, as well as posing threats to human and animal health. However, advancements in product 
formulation and application methods have resulted in the development of modern herbicides 
that are safer than their predecessors. These newer formulations are designed to be more 
precisely targeted and degrade more rapidly in the environment compared to older products. 
Despite the critical roles that pesticides, fertilizers, nanoformulations, and other chemical 
inputs play in enhancing agricultural productivity and ensuring food security globally, it is 
essential to manage their use carefully. This approach will help mitigate adverse environmental 
impacts and promote sustainable agricultural practices. 
The urgent need to enhance food security, coupled with growing environmental concerns, poses 
significant challenges to sustainable agriculture. Conventional practices often result in soil 
degradation, reduced nutrient availability, and increased pesticide use, jeopardizing food 
production and ecosystem health. 

The International Council of Environmental Engineering Education (ICEEE) has 
always pay attention to the following topics (but not limited to) regarding to the 
health of the environment and human.  We aim to address the multifaceted 
dimensions of environmental sciences and sustainability. From biodiversity 
conservation to climate resilience, and from sustainable resource management to 
environmental justice, our Council highlights the complex interactions between 
natural systems, human activity, and ecosystem. These topics are as following:  
ī Ecology, biodiversity, biotic and abiotic stresses  
ī Conservation and restoration of degraded ecosystems (atmospheric, agriculture 

and forestry, etc.) 
ī Environmental toxicology and human health 
ī Water and wastewater treatment and management (emerging contaminants, 

nanoparticles, microplastics, etc.) 
ī Hydrology and geochemistry modelling (remote sensing, monitoring, 

geobiochemical cycles, etc.) 
ī Environmental soil science and land contamination 
ī Agriculture and food security 
ī Emissions and air pollution management 
ī Water supply, security, and sustainability 
ī Renewable energy, and climate change 
ī Nature-based solutions and biomass valorisation 
ī Solid, hazardous, and industrial waste management 
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ī Carbon footprint, life cycle assessment and cleaner production 
ī Urban environmental problems, cities and urbanisation 
ī Circular economy 
ī Climate change, floods, drought and environmental health 
ī Food, water, and energy nexus for sustainable growth 
ī Innovation strategies, policies, and economics in the environmental sector 
ī Industrial ecology, sustainability, and eco-design practices 
ī Education and environmental behaviour 
ī Environmental pollution, measuring and monitoring sustainability, safety and 

security 
 

Based on the huge success of last events, I am strongly confident that the IXth 
Symposium ɀ 2025 will be a great success & meet our expectations.   Moreover, the IXth 

Symposium - 2025 offers a valuable platform to create new contacts in the field of Traditional & 
Alternative technologies, by providing valuable networking time for you to meet great personnel 
in the field.  
 

The above facts indicate that improving environmental quality can significantly reduce 
health risks & increase social welfare. Based on the above, the bilateral relationship 
between these five factors. 
 
The International Council of Environmental Engineering Education (ICEEE) & the 
Obuda University, Rejto Sandor Faculty of Light Industry & Environmental Engineering (RKK) 

& Institute of Environmental Engineering & Natural Sciences have the great pleasure & cordially 
thank you to participate in the program of the IXth International Annual Symposium - 2025 on 
Ȱ%ÎÖÉÒÏÎÍÅÎÔÁÌ (ÅÁÌÔÈ ÁÎÄ "ÉÏÓÅÃÕÒÉÔÙ 3ÔÒÁÔÅÇÙȱ ONLINE event during 8th and 9th of May 
2025 at Obuda University RKK, Budapest - Hungary.  
 

Publication of the abstracts & full papers are published in the ISBN Proceedings book  
with the code: ISBN 978-963-449-392-1. 
We are also deeply committed to publish research that has the potential for real-world 
application. Papers that address the pressing challenges of global change, resource 
management, food security, ecological resilience, species loss, and humanɀnature 
interactions are key areas, we also welcome reviews, brief communications, and invited 
perspectives. 
 
For more information, please visit the following websites: 
ï https://www.iceee.hu  
ï https://www.kti.rkk.uni -obuda.hu 

 
 
 

https://www.iceee.hu/
https://www.kti.rkk.uni-obuda.hu/
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It is our pleasure to welcome you to this event to addressing arguably the central challenges of our 
time by advancing our understanding of environmental sciences and fostering solutions for a 
sustainable future of Environmental Health and Biosecurity Strategy. Our mission is to create a 
dynamic platform that bridges rigorous research, global perspectives, and actionable insights, 
offering an inclusive space for dialogue about new ideas and a platform to show solutions to 
environmental health problems and sustainability of Biosecurity. 
 
We sincerely look forward to meeting you & your colleagues in next event. 

 
Yours Sincerely, 

 
prof. Dr. Hosam E.A.F. Bayoumi Hamuda 

President of ICEEE 
Chair, IXth International Symposium - 2025 

Editor, Proceedings Book 
Chair of Organizing Committee 

Institute of Environmental Engineering & 
Natural Sciences 
sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙ 

E-mail: bayoumi.hosam@uni-obuda.hu 
WhatsApp/viber/messenger: +36-30-390-0813 

  

mailto:bayoumi.hosam@uni-obuda.hu
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ACKNOWLEDGMENT  

 

Dear Guests and Colleagues  
Thank you very much for your attendance in the IXth International Annual Symposiumɀ
2025 which was done during May 8-9, 2025, online in Budapest at Obuda University, 
Hungary. 
 
The IXth International Annual Symposium-2025 is a meeting where researchers, 
scientists, environmentalists, scholars and students, share their ideas, experiences, 
advancements, and research results.  
There were a plenty of opportunities for organisations, projects and consortia hold side 
events (meetings, seminars and workshops) on the Symposium site to draw insights and 
encourage collaboration from many topics, disciplines, and backgrounds, promoting 
research and education to build a fair global community and more sustainable societies. 
The purpose of the IXth International Symposium-2025 was to deals with 
ȵEnvironmental Safety and BiospheretȱȢ %ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÕÓÔÁÉÎÁÂÉÌÉÔÙ ÉÓ ÐÒÏÊÅÃÔÅÄ ÔÏ 
harm human health through adverse changes in security of the lifestyle. 
The IXth International Annual Symposium-2025 bring together plenary, keynote, invited 
speakers and international researchers from academia, authorities and industry, to 
communicate and share a wide range of highlighting potential issues and paths towards 
the environmental health and the sustainable due to climate change at present and 
future. The themes reflect an integrated approach to identifying solutions to the 
complex global challenge of environmental quality. 
 
The main goals of the IXth International Annual Symposium-2025 were to promote 
research and developmental activities in Environmental Protection and different fields 
of Natural Science; and to promote scientific information interchange between 
researchers, developers, engineers, students, and practitioners working in and around 
the world. 
 
Here, the organizing committee of the IXth International Annual Symposium-2025 
identify opportunities for thanks the international participants from civil society, global 
partners, and researchers who contribute to a high quality of global effort towards 
environmental health systems. 
 
We, the editor, would like to thank the members of the organizing, scientific, and 
administrative committees and all the supporting staff for giving this opportunity.  
 

http://communications.elsevier.com/r/?id=hf2ece78,5d306d5,5d7de4b
http://communications.elsevier.com/r/?id=hf2ece78,5d306d5,5d7de4b


 

 Page 21 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-392-1    

 
We would also like to extend our sincere thanks to all the contributors and reviewers 
who have made this Proceedings Book possible. We hope that the papers in this 
Proceedings Book will inspire further research and innovation in this important field. 
 
At the end, the organizing committee of the IXth International Annual Symposium-2025 
wish all the best for all the participants and thank their attendance. 
 
Sincerely, 
 

 
 

prof. Dr. Hosam E.A.F. Bayoumi Hamuda 
President of ICEEE 

Chair, IXth International Symposium - 2025 
Editor, Proceedings Book 

Chair of Organizing Committee 
Institute of Environmental Engineering & 

Natural Sciences 
sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙ 

E-mail: bayoumi.hosam@uni-obuda.hu 
WhatsApp/viber/messenger: +36-30-390-0813 

  

mailto:bayoumi.hosam@uni-obuda.hu
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IMPRESSUM 
 

For the Program, Abstracts and the Proceedings Book of the full papers of the IXth 
International Annual Symposium-2025. 
ɀ The official language was English.  
ɀ The Program, Abstracts and Full papers of the IXth International Annual Symposium-

2025 is provided to all registered participants in online (electronic) form.  
ɀ All the received papers were reviewed by two of the members of the International 

Committee of the Symposium. 
ɀ All reviewed papers for the IXth International Annual Symposium-2025 are published 

in the Proceedings Book of the Conference with the ISBN 978-963-449-392-1 . in 
CD-ROM format and online (electronic) on the website of ICEEE: www.iceee.hu  

ɀ The selected high-quality manuscripts will be also published in the online journal.  
ɀ The scientific information and quality of the manuscript is due to the corresponding 

author of the paper. 
ɀ Individual authors at their manuscripts shell be responsible for any possible errors 
ɀ The Publisher of the Program, Abstracts and the Proceedings Book of the IXth 

International Annual Symposium-2025, ICEEE Institute of Environmental 
Engineering and Natural Sciences, Rejto Sandor Faculty of Light Industry and 
Environmental Engineering, Obuda University, Budapest, Hungary. 

ɀ Publication year of the Proceedings is 2025.  
ɀ Important Website: www.iceee.hu  
 

Attention:  

 The IXth Symposium-2025 will be held through Microsoft Teams . 
 To join the Symposium: 

o There is a short guide with useful information about how to use the 
Microsoft Teams during the Symposium 

o The participants will have the link of the Symposium 
o The time of the Symposium is related to the Hungarian time . 

 Please check the time with your time at home 

Time of Oral Presentations Online (Microsoft Teams)  

Presentation Type:    Total Allotted Time:  

¶ Plenary speaker    30 min  

¶ Featured speaker    15 min  

¶ Poster     5 min 
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Please note that: 

 The time is very limited 
 The official language of all the presentations including oral or poster speaker is 

English  
 
 
For Full paper:  
The deadline to send the full paper is the end of May (31st of May 2025) in word 

document form.  
 
 
19th of May 2025. 

 
prof. Dr. Hosam E.A.F. Bayoumi Hamuda 

President of ICEEE 
Chair, IXth International Symposium - 2025 

Editor, Proceedings Book 
Chair of Organizing Committee 

Institute of Environmental Engineering & 
Natural Sciences 
sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙ 

E-mail: bayoumi.hosam@uni-obuda.hu 
WhatsApp/viber/messenger: +36-30-390-0813 

  

mailto:bayoumi.hosam@uni-obuda.hu


 

 Page 24 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-392-1    

 
Statistical Analysis of the IX th  International Symposium -

2025 
 

The International Council of Environmental Engineering Education (ICEEE) had the 
pleasure to announce about the IX th  International Symposium -2025 Online  
(Microsoft Teams) 
Topic: Environmental Health and Biosecurity Strategy  
Date: May 8th  ɀ 9th , 2025 
Total presentations: 88 
The participants in this Symposium came from 29 counties covering as examples of 
Africa, Asia, Europe, N. and S. of America, Australia. 
Nationalities:   29 

Algeria, Australia, Benin, China, Ethiopia, Finland, France, Germany, Hungary, 
India, Italy, Iran, Iraq, Kuwait, Lebanon, Libya, Mexico, Morocco, Netherlands, 
Nigeria, Philippines, Portugal, Pakistan, Sweden, Syria, Tunisia, Turkey, Ukraine, 
and USA. 

Total given scientific abstracts covering the following technical sessions were 88 
classified as following: 
Plenary Lectures: 5 
Technical Sessions: 40 Lectures  

- Agriculture and Soil Improvement, Food Security and Green Growth 

- Water Security: Treatment and Management 

- Air Quality, Climatic Changes, Energy Production and Industrial Pollution 

- Environmental Risk and Human Health 

- Resources and Wastes Management and Recycling 

- Social-Ecological Systems Research for Monitoring Sustainable Development 
POSTER SESSION: 7 Posters  
Before closing the Symposium - 2025, a workshop was carried out to discuss the topic: 
The Future of our Biosphere . 
The full articles of the given abstracts well be published in the form of ISBN 
Proceedings Book  (ISBN 978-963-449-392-1 ). 
Organizers:  11 
Sessions:  5 

(A): Healthcare: Risk & Management  
(B): Soil Biology & Agricultural and Food Security, Ecosystems & Landscape 

Conservation  
(C): Air, Water & Sediments  Pollution and Waste Management  
(D): Artificial intelligence , Bioinformatics, Circular Economy Strategy  
(E): Energy Research & Applications  

http://www.hindawi.com/journals/aess/2022/3148073/80147677/
https://jnm.snmjournals.org/content/64/2/188.abstract
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8th  of May Program  
09:15 ɀ 11:45 Plenary Session   Chair: <ÇÎÅÓ "<,).4   
  5 
12:30 ɀ 16:30 Technical Session B  Chair: 3ÜÎÄÏÒ J.  :3!2.s#:!) 
 16 
12:30 ɀ 16:00 Technical Session C  Chair: %ÍěËÅ )-2%    14 
 
9th  of May Program  
09:00 ɀ 10:00 Technical Session A   Chair: <ÇÎÅÓ "<,).4  
  4 
10:00 ɀ 10:45 Technical Session D Chair: <ÇÎÅÓ "<,).4   
  3  
10:45 ɀ 11:15 Technical Session E #ÈÁÉÒȡ <ÇÎÅÓ "<,).4   
  3  
11:30 ɀ 11:55 Poster Session  #ÈÁÉÒȡ %ÄÉÔ 0­3+)     7  
 
12:10            Closing the Symposium  

 

 
prof. Dr. Hosam E.A.F. Bayoumi Hamuda 

President of ICEEE 
Chair, IXth International Symposium - 2025 

Editor, Proceedings Book 
Chair of Organizing Committee 

Institute of Environmental Engineering & 
Natural Sciences 
sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙ 

E-mail: bayoumi.hosam@uni-obuda.hu 
WhatsApp/viber/messenger: +36-30-390-0813 

  

mailto:bayoumi.hosam@uni-obuda.hu


 

 Page 26 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-392-1    

 
 
 
 
 
 

IX th  International 
Symposium -2025 

 

Organization & 
Committees  
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Organizers of the Symposium -2025: 
 
ï International Council of Environmental Engineering 

Education (ICEEE), Hungary 

ï Obuda University (OU), Hungary 

ï International Society of Waste Management, Air and Water 

(ISWMAW), India 

ï Azerbaijan Technological University, Azerbaijan 

ï Green India Clean Environment Society (GICES), India 

ï University of Coimbra, Coimbra, Portugal 

ï Uzhhorod National University, Uzhhorod, Ukraine 

ï Rejto Sandor Faculty of Light Industry and Environmental 

Engineering (RKK), Hungary 

ï Institute of Environmental Engineering and Natural Sciences 

(KTI), Hungary 

ï Soil Biology Session at the Hungarian Soil Science Society 

ï Sunwo Plc, Energy Expert, Hungary 

ï Sidi Mohamed Ben Abdellah University, Morocco 
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The Symposium is carrying out under 
the patronage of:  

 
ɀ0ÒÏÆȢ $ÒȢ ,ÅÖÅÎÔÅ +/6<#3 

Rector, Obuda University  
 

ɀ$ÒȢ ,ÜÓÚÌĕ +/,4!) 
Dean, Rejto Sandor Faculty of Light Industry & 
Environmental Engineering  
 

ɀProf. Dr. Hosam BAYOUMI HAMUDA  
President, International Council of 
Environmental Engineering Education  
Chairman of the Symposium  
 

ɀ$ÒȢ 2ÉÔÁ "/$<.O-KENDROVICS 
Deputy Dean, Director, Institute of 
Environmental Engineering & Natural Sciences  
 

ɀ$ÒȢ %ÄÉÔ #3!.<+ 
Deputy Dean, Director of the Product Design 
Institute  
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Organising Committees  
 
National Organising Committee  
-  Prof. Dr. Hosam BAYOUMI HAMUDA (Obuda University, Hungary)  
-  Dr. Rita "/$<.O-KENDROVICS (Obuda University, Hungary) 
-  $ÒȢ <ÇÎÅÓ "<,).4 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  $ÒȢ +ÒÉÓÚÔÉÎÁ $%-O.9 ɉsÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  $ÒȢ ,ĕÒÜÎÔ 3:!"s ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  $ÒȢ #ÓÁÂÁ <'/34/. ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  -ÒȢ !ÎÄÒÜÓ 3:%$%2 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  -ÓȢ :ÓÕÚÓÁ 4!-<339 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  -ÓȢ *ĭÌÉÁ +!3:<3 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
 

International Scientific Committee  
-  Prof. Dr. Sadhan Kumar GHOSH (Jadavpur University, Kolkata, 

India)  
-  0ÒÏÆȢ $ÒȢÈȢÃȢ -ÉÒÏÓÌÁÖ "!$)$! ɉ4ÅÃÈÎÉÃÁÌ 5ÎÉÖÅÒÓÉÔÙ ÏÆ +ÏĤÉÃÅȟ 

Slovakia) 
-  0ÒÏÆȢ $ÒȢ !ÎÄÒÜÓ -/,.<2 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  Prof. Dr. Nedjima BOUZIDI (University of Bejaia, Algeria) 
-  0ÒÏÆȢ $ÒȢ )ÓÔÖÜÎ 0!4+s ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  0ÒÏÆȢ $ÒȢ "ÏÒÂÜÌÁ ")2s ɉ(ÕÎÇÁÒÉÁÎ 5ÎÉÖÅÒÓÉÔÙ ÏÆ !ÇÒÉÃÕÌÔÕÒÅ Ǫ ,ÉÆÅ 

Sciences, Hungary) 
-  0ÒÏÆȢ $Ò "ÏÇÄÁÎÁ 65*)G ɉ5ÎÉÖÅÒÓÉÔÙ ÏÆ .ÏÖÉ 3ÁÄȟ 3ÅÒÂÉÁɊ 
-  0ÒÏÆȢ $ÒȢ -ÉÈÜÌÙ 2O'%2 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  Prof. Dr. Vasyl LENDYEL (Uzhgorod National University, Ukraine) 
-  0ÒÏÆȢ $ÒȢ *ĕÚÓÅÆ 34%)%2 ɉ3ÕÎ×Ï 0ÌÃȟ %ÎÅÒÇÙ %ØÐÅÒÔȟ (ÕÎÇÁÒÙɊ 
-  Prof. Dr. Hosam BAYOUMI HAMUDA (Obuda University, Hungary)  
-  Prof. Dr. Maria WACLAWEK (University Opole, Poland)  
-  Prof. Dr. Ahmed M. MUFTAH (University of Benghazi, Libya) 
-  Prof. Dr. Lyudmila SYMOCHKO (Uzhgorod National University, 

Ukraine)  
 

http://kmi.rkk.uni-obuda.hu/munkatars/bodane-dr-kendrovics-rita
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-  0ÒÏÆȢ $ÒȢ ,ïÏÃÁÄÉÅ /$/5,!-) ɉ5ÎÉÖÅÒÓÉÔÙ ÏÆ !ÂÏÍÅÙ-Calavi, 

Republic of Benin) 
-  Prof. Dr. Faissal AZIZ (Cadi Ayyad University, Morocco) 
-  Dr. Nabil KHELIFI (Springer Nature, Germany) 
-  Dr. Enkhtuya OCHIRBAT (Mongolian Academy of Sciences, 

Mongolia)  
-  Dr. Abdelwahab TAHSIN (Cairo University, Egypt) 
-  $ÒȢ ,ĻÄÉÁ 3/"/4/6< ɉ4ÅÃÈÎÉÃÁÌ 5ÎÉÖÅÒÓÉÔÙ ÏÆ +ÏĤÉÃÅȟ 3ÌÏÖÁËÉÁɊ 
-  $ÒȢ <ÇÎÅÓ "<,).4 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  Dr. Csaba CENTERI (Hungarian University of Agriculture & Life 

Sciences, Hungary) 
-  Dr. Ruslan MARIYCHUK (Presov University, Slovakia) 
-  Dr. Edmond HOXHA (Polytechnic University of Tirana, Albania)  
-  $ÒȢ :ÏÌÔÜÎ .!<2 ɉ4ÏËÁÊ-Hegyalja University, Hungary) 
-  $ÒȢ %ÄÉÔ #3!.<+ ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  $ÒȢ 4İÎÄÅ 4!+<#3 ɉ(!3ȟ )ÎÓÔÉÔÕÔÅ ÆÏÒ 3ÏÉÌ 3ÃÉÅÎÃÅÓ Ǫ !ÇÒÉÃÕÌÔÕÒÁÌ 

Chemistry, Hungary) 
-  Dr. Tibor SZILI-+/6<#3 ɉ(!3ȟ )ÎÓÔÉÔÕÔÅ ÆÏÒ 3ÏÉÌ 3ÃÉÅÎÃÅÓ Ǫ 

Agricultural Chemistry, Hungary)  
-  Dr. Rita "/$<.O-KENDROVICS (Obuda University, Hungary) 
-  $ÒȢ +ÒÉÓÚÔÉÎÁ $%-O.9 ɉ/ÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ (ÕÎÇÁÒÙɊ 
-  Dr. Salma LATIQUE (Sidi Mohamed Ben Abdellah University, 

Morocco) 
 
 

Contact Address:  
 
Prof. Dr. Hosam E.A.F. Bayoumi Hamuda 
President of ICEEE  
Chairman of the Conference  
Institute of Environmental Engineering & Natural Sciences 
Obuda University 
E-mail: bayoumi.hosam@uni-obuda.hu 
WhatsApp/viber/messenger: +36-30-390-0813 

 
  

http://kmi.rkk.uni-obuda.hu/munkatars/bodane-dr-kendrovics-rita
mailto:bayoumi.hosam@uni-obuda.hu
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IX th  International Annual 
Symposium -2025 

 

Principal Publishing Partners:  
 
 

ü 4ÜÊĘËÏÌĕÇÉÁÉ ,ÁÐÏËȡ (ÕÎÇÁÒÉÁÎ *ÏÕÒÎÁÌ ÏÆ ,ÁÎÄÓÃÁÐÅ 
%ÃÏÌÏÇÙ ɉ3#/053Ɋ 

 

ü %ÕÒÏȤ-ÅÄÉÔÅÒÒÁÎÅÁÎ *ÏÕÒÎÁÌ ÆÏÒ %ÎÖÉÒÏÎÍÅÎÔÁÌ 
)ÎÔÅÇÒÁÔÉÏÎ 
ɉÈÔÔÐÓȡȾȾ×××ȢÓÐÒÉÎÇÅÒȢÃÏÍȾÊÏÕÒÎÁÌȾήΫάΪαɊ 

 

ü 3ÙÍÐÏÓÉÕÍ 0ÒÏÃÅÅÄÉÎÇÓ ÂÏÏË ɉ)3". γαβȤγΰέȤήήγȤ
έγάȤΫɊ 

 
  

https://www.springer.com/journal/41207/
https://www.springer.com/journal/41207/
https://www.springer.com/journal/41207
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S9-0/3)5-ȭ3 ()'(,)'(4 4/0)#3 

 
Form the above-mentioned reasons, the special IX th International Annual Symposium-2025 on 
Environmental Health & Biosecurity: Sciences, Engineering & Application aims to 
provide a comprehensive perspective on changes in environmental quality affecting ecosystem 
& human health adopting global perspective concepts of climate change, modelling, & 
ecosystem services. For this purpose, valuable studies were gathered for the special Symposium-
2025. Most of the selected papers will be focused on the quality of environmental elements (air, 
landscape, soil, water, food, health & waste) as well as treatment & systems of management. 
 
The IX.th Symposium-2025 provides leading forum for the presentation (plenary, keynote, oral 
& poster) of new advances & research results in the fields of on Environmental Health and 
Biosecurity Strategy.  
 
Accordingly, Topics of interest for paper submission include, but are not limited to: 

ī Session (A) 
o Healthcare: Risk & Management  

 
ī Session (B) 

o Soil Biology & Agricultural and Food Security, Ecosystems & 
Landscape Conservation  
 

ī Session (C) 
o Air, Water & Sediments  Pollution and Waste Management  

 
ī Session (D) 

o Artificial intelligence , Bioinformatics, Circular Economy Strategy  
 

ī Session (E) 
o Energy Research & Applications  

  

http://www.hindawi.com/journals/aess/2022/3148073/80147677/
https://jnm.snmjournals.org/content/64/2/188.abstract
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Budapest ɀ Hungary



 

 Page 34 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental Health and 

Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-392-1    

Attention : 
 The IX. Symposium - 2025 will  be held through 

Microsoft Teams. 
 To join the Symposium: 

o There is a short guide with  useful information  about 
how to use the Microsoft Teams during the 
Symposium: https://symposium.rkk.uni -
obuda.hu/teams-how-to-guide/ 

o The participants will  have the link of  the Symposium. 
o The time of the Symposium is related to the Hungarian  

time , which is CEST ɀ Central European Summer 
Time  (UTC/GMT +2) 

o  Please check the time with your time at home 
 

Time  of  Presentations  Online  (Microsoft  Teams) 

Presentation Type: 
Plenary speaker 
Featured speaker 
Poster 

Total Allotted  Time:  
 30 min 

15 min 
5 min 

Please note that: 
 The time is very limited.  
  The official  language of all the presentations including  
oral or poster speaker is English.  
 For Full  paper: The deadline  to  send the  full  paper  is 
the  end  of  May (31st of May 2025) in word document 
form.  

https://symposium.rkk.uni-obuda.hu/teams-how-to-guide/
https://symposium.rkk.uni-obuda.hu/teams-how-to-guide/
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Thursday - 8th  of  May 2025 

 
09:00 ɀ 09:15           Opening  Ceremony  

 
 

$ÒȢ ,ÜÓÚÌĕ +/,4!) 
Dean, Rejto Sandor Faculty of Light Industry & 
Environmental Engineering, Obuda University 

 
 

Dr. Rita "/$<.O-KENDROVICS 
Director, Institute  of Environmental Engineering & Natural 
Sciences, Obuda University 

 
 

0ÒÏÆȢ $ÒȢ %ÎÉËě -!)/2 
 Vice Rector for Education, Obuda University 

 
 

http://kmi.rkk.uni-obuda.hu/munkatars/bodane-dr-kendrovics-rita
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09:15 ɀ 11:45  Plenary  Session 
 

Chair  of  the  Session: Hosam  BAYOUMI  (!-5$!ȟ <ÇÎÅÓ 
"<,).4 
 
 

PL1 09:15 ɀ 09:45 
<ÇÎÅÓ "<,).4 

Institute of Environmental Engineering & Natural Sciences, Obuda University  

MONITORING OF AIR DEPOSITION OF HEAVY METAL 
POLLUTION IN SOUTHWESTERN HUNGARY  

 
 

PL2 09:45 ɀ 10:15 
Georgina TOTH -NAGY 

University of Pannonia, Hungary 

ESG IN CITIES: HOW TO RECOGNIZE AND AVOID 
GREENWASHING IN URBAN SUSTAINABILITY EFFORTS 
 
 

PL3 10:15 ɀ 10:45 
Sudesh KUMAR  

DESM, National Institute of Education, NCERT, New Delhi, India 

INNOVATIVE PATHWAYS: ADVANCED TREATMENT METHODS 
FOR ENVIRONMENTAL RESTORATION  

 
 

PL4 10:45 ɀ 11:15 
Rainiel BRYAN DOMASIAN  

College of Teacher Education, Laguna State Polytechnic University Los Banos 
Campus, Los "ÁđÏÓȟ ,ÁÇÕÎÁȟ 0ÈÉÌÉÐÐÉÎÅÓ 

ASSESSMENT OF UTILIZED FOCUSED EDUCATIONAL 
APPROACHES TOWARDS ENHANCEMENT OF COMMUNITY 
KNOWLEDGE, ATTITUDES, AND PRACTICES IN SOLID WASTE 
MANAGEMENT 
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PL5 11:15 ɀ 11:45 

Abrar HUSSAIN , Syed Abid ALIABRAR  
Third World Center for Science and Technology, HEJ Research Institute of 
Chemistry, International  Center for Chemical and Biological Sciences, University 
of Karachi, Pakistan 

ENVIRONMENTAL PREVALENCE OF THE GENUS ENTEROCOCCUS 
AND ITS PROBIOTIC POTENTIAL  

  



 

 Page 40 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 

SESSIONS OF IX. SYMPOSIUM-2025 
 

Ж Session (A) 
o Healthcare: Risk  & Management  

 
Ж Session (B) 

o Soil  Biology  & Agricultural  and  Food 
Security, Ecosystems & Landscape 
Conservation  

 
Ж Session (C) 

o Air,  Water  & Sediments  Pollution  
and  Waste Management  

 
Ж Session (D) 

o Artificial  intelligence , Bioinformatics,  
Circular Economy Strategy  

 
Ж Session (E) 

o Energy Research & Applications  
 
 

11:45 ɀ 12:30 Launch Break  
  

http://www.hindawi.com/journals/aess/2022/3148073/80147677/
https://jnm.snmjournals.org/content/64/2/188.abstract
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12:30 ɀ 17:45  Technical  Session B 
 

Soil Biology & Agricultural and Food Security, 
Ecosystems & Landscape Conservation  

 

Chair of the Session:  3ÜÎÄÏÒ *Ȣ :3!2.s#:!) 
 

12:30 ɀ 12:45 B1 (Keynote) 
B. S. PANWAR1, Soma DEHLAVI 2, Shabnam MORADI 3, Negar 
MOSALLANEJAD4 

1CCS Haryana Agricultural University and President, Green India Clean 
Environment Society, Hisar, Haryana, India 
2Department of HSE, Organization of Industry Mine and Trade, Sanandaj, 
Kurdistan, Iran 
3Department of Agriculture, ARAK, MarkaziProvence, Iran 
4Soil Chemistry and Fertility, Shiraz University, Iran 

VALUES OF TRADITIONAL AND SUSTAINABLE AGRICULTURE 
 
12:45 ɀ 13:00 B2 
Ahmed RAMDANI 1, Fouad MALEK 2 

1Laboratory of Applied Chemistry and Environment ɀ ECOMP 
2Faculty of Sciences, Mohammed First University, Bd Mohamed VI, BP 717 Oujda 60000, 
Morocco 

SYNTHESIS AND CHARACTERIZATION OF PETRO AND BIO-
BASED POLYURETHANE 
 
13:00 ɀ 13:15    B3 
Gagan PREET KOUR BALI 

 Department of Biosciences-UIBT, Chandigarh University, Gharuan, Mohali, 
Punjab 

STRUCTURAL CHARACTERIZATION OF APPENDAGES OF 
DIFFERENT BEETLE SPECIES (INSECTA: COLEOPTERA) FROM 
MOHALI, PUNJAB, INDIA  
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13:15 ɀ 13:30     B4 
Chetan DUBEY, Gagan Preet KOUR BALI*  

Department of Biosciences, UIBT, Chandigarh University, Mohali, Punjab, India 

SHEDDING LIGHT ON DARKNESS: CONSEQUENCES OF 
ARTIFICIAL LIGHT AT NIGHT ON MOTHS  
 
13:30 ɀ 13:45    B5 
Shivam JASROTIA 

Department of Biosciences, Chandigarh University, Bharat, India  

BIOMANAGEMENT OF PLANT PARASITIC NEMATODE USING 
LEAF EXTRACT OF AZADIRACHTA INDICA 
 
13:45 ɀ 14:00    B6 
Hfayeth  HAYET, Bouazizi EMNA, Gharbi YAAKOUB, Triki 
MOHAMED ALI  

Laboratory of Olive Genetic Resources: characterization, valorization and 
phytosanitary protection, Olive Tree Institute, Tunisia 

ANTAGONISTIC ACTIVITY OF BACTERIA FROM COMPOST 
EXTRACT AGAINST FUNGAL DISEASES 
 
14:00 ɀ 14:15    B7 
Yara EZAL DEEL SULTAN, Kanni RAJ ARUMUGAM PILLAI  

Department of Chemistry, Scholl of Sciences and Humanities Vel Tech Rangaraja 
Dr. Sagunthala R&D Institute of Science and Technology, Chennai, India  

MACHINE LEARNING AND DEEP LEARNING OF FOREST FIRES 
IN INDIA AND A COMPARISON TO THAT OF THE WORLD  
 
14:15 ɀ 14:30    B8 
Sana AHMED, Sufia ZAMAN, Abhijit MITRA  

Department of Oceanography, Techno India University, West Bengal, EM 4/1 Salt 
Lake, Sector V, Kolkata 700091, India 

SOLUTIONS FOR A LOW-CARBON FUTURE LEADING TO 
CONSERVATION OF NATURAL RESOURCES 
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14:30 ɀ 14:45    B9 
Hayet GHNIMI 1,2ȟ #ÈÒÉÓÔÉÎÅ #(N.O3, Romdhane KAROUI 4, Monia 
ENNOURI 2,5 

1Univ. Kairouan, Faculty of Sciences and Techniques of sidi bouzid, Tunisia 
2Univ. Sfax, LR 16 IO 01, Olive Institute, 1087, 3000 Sfax, Tunisia 
3Adrianor, F-62217, Tilloy Les Mofflaines, France 
45ÎÉÖȢ !ÒÔÏÉÓȟ 5ÎÉÖȢ ,ÉÌÌÅȟ 5ÎÉÖȢ ,ÉÔÔÏÒÁÌ #ĖÔÅ Äȭ/ÐÁÌÅȟ 5ÎÉÖȢ 0ÉÃÁÒÄÉÅ *ÕÌÅÓ 6ÅÒÎÅȟ 
5ÎÉÖȢ ÄÅ ,ÉîÇÅȟ ).2!%ȟ *ÕÎÉÁȟ 5-2-T 1158, BioEcoAgro, F-62300 Lens, France 
5Univ. Monastir, Higher Institute of Applied Science and Technology of Mahdia, 
Tunisia 

STUDY OF RAPESEED OIL LIPID OXIDATION BY CHEMICAL 
AND SPECTROSCOPIC TECHNIQUES 
 
14:45 ɀ 15:00    B10 
Sangeetha HANDU, A. SUDHAKAR  

CESS, Begumpet, Hyderabad, Telangana, Dr. B.R. Ambedkar Open University, 
India 

CHANGING CLIMATE PATTERNS AND ITS IMPACT ON 
AGRICULTURAL PRODUCTIVITY IN TELANGANA STATE, INDIA  
 
15:00 ɀ 15:15    B11 
Zakaria Fouad Fawzy 1, Shaymaa Ismail Shedeed 2 

1Vegetable Research Dept, Agricultural and Biological Research Institute, 
National   Research Centre, Egypt 
2Plant Nutrition Dept, Agricultural and Biological Research Institute, National   
Research Centre, Egypt 

ARTIFICIAL INTELLIGENCE IN AGRICULTURE SECTOR 
 
15:15 ɀ 15:30     B12 
Surendra Kumar YADAV 

Environmental Conservation, SEHAT India, Meerut-250003, India 

PLASTIC POLLUTION IMPACTING ECOSYSTEM HEALTH: MAJOR 
THREAT IN DEVELOPING COUNTRIES LIKE INDIA  
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15:30 ɀ 15:45    B13 
Galiya K. AKHMETOVA 1, Kiyas A. ALDABERGEN1, Sydykova 
KAMILYA 2, Soltabayev AIGERIM 2 

1 ,,0 !Ȣ)Ȣ "ÁÒÁÙÅÖ Ȱ2ÅÓÅÁÒÃÈ ÁÎÄ 0ÒÏÄÕÃÔÉÏÎ #ÅÎÔÒÅ ÆÏÒ 'ÒÁÉÎ &ÁÒÍÉÎÇȱ 
Shortandy, Kazakhstan, 2Nazarbayev University Astana, Kazakhstan 

EFFECTIVE TYPES OF FIELD CROP ROTATIONS ISOLATED WITH 
A VARIETY OF ENDOPHYTIC REPRESENTATIVES FROM THE 
ROOT MICROBIOME OF AGRICULTURAL CROPS IN NORTHERN 
KAZAKHSTAN 
 
15:45ɀ 16:00    B14 
Aditya DATTA, Sufia ZAMAN, Abhijit MITRA  

Department of Oceanography, Techno India University, West Bengal, EM 4, Salt 
Lake Sector 5, Kolkata 700091, India 

EVALUATING THE HEALTH STATUS OF LATES CALCARIFER 
THROUGH CONDITION INDEX: A STEP TOWARD ENSURING 
FOOD SECURITY 
 
16:00 ɀ 16:15    B15 
Pallavi DUTTA 1, Prosenjit PRAMANICK 2, Abhijit MITRA 2 

1Department of Zoology, Charuchandra college, University of Calcutta, Kolkata-
700029, India 
2Department of Oceanography, Techno India University, West Bengal, EM-4, 
Sector V, Salt   Lake, Kolkata ɀ 700091, India 

BIOACCUMULATION OF TOXIC HEAVY METALS IN COMMONLY 
CONSUMED FISH SPECIES OF EAST KOLKATA WETLANDS: AN 
INSIGHT INTO THE FOOD SECURITY OF THE POPULATION OF 
THE MEGACITY OF KOLKATA, INDIA  
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16:15 ɀ 16:30    B16 
3<.$/2 J. :3!2.s#:!)ȟ Hosam E.A.F. BAYOUMI  HAMUDA  

Obuda University, Rejto Sandor Faculty of Light Industry and Environmental 
Engineering Institute of Environmental Engineering, Natural Sciences, Budapest, 
Hungary 

ECONOMIC AND ECOLOGICAL CONDITIONS OF IRAN IN 2010 -
2022 
 
16:30 ɀ 1645     B17 

Zakaria Fouad FAWZY1, Shaymaa Ismail SHEDEED2 
1Vegetable Research Dept, Agricultural and Biological Research Institute, 
National   Research Centre 
2Plant Nutrition Dept, Agricultural and Biological Research Institute, National 
Research Centre 

APPLIED OF CLIMATE- SMART AGRICULTURE APPROACH FOR 
AGRICULTURAL SUSTAINABILITY  

 
16:45 ɀ 17: 00    B18 

Fabiola Stephanie TODISOA  
National University of Public Service, Ludovika, Budapest, Hungary 

MALAGASY SOVEREIGNTY OVER THE SCATTERED ISLANDS AND 
THE PROTECTION OF ECOSYSTEMS: A LEGAL AND SCIENTIFIC 
ANALYSIS 
 
17:00 ɀ 17:15    B19 

Chetan Dubey, Gagan Preet Kour Bali*  
Department of Biosciences, UIBT, Chandigarh University, Mohali, Punjab, India 

THE BLINKING LIGHTS: DECLINE IN FIREFLY POPULATION  
 
17:15 ɀ 17:30     B20 

Surendra Kumar YADAV  
Environmental Conservation, Institute of SEHAT, New Delhi, India 

FOREST MANAGEMENT USING SPATIAL TECHNOLOGY 
TOWARDS SUSTAINABLE APPROACH: A CASE STUDY 
OF SIRSIYA BLOCK (SHRAVASTI DISTRICT, UP, INDIA)   
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17:30 ɀ 17:45    B21 

Galiya K. AKHMETOVA 1, Kiyas A. ALDABERGEN1, Sydykova 
KAMILYA 2, Soltabayeva AIGERIM 2 

1,,0 !Ȣ)Ȣ "ÁÒÁÙÅÖ Ȱ2ÅÓÅÁÒÃÈ ÁÎÄ 0ÒÏÄÕÃÔÉÏÎ #ÅÎÔÒÅ ÆÏÒ 'ÒÁÉÎ &ÁÒÍÉÎÇȱ 

Shortandy, Kazakhstan 
2Nazarbayev University, Astana, Kazakhstan 

EFFECTIVE TYPES OF FIELD CROP ROTATIONS ISOLATED 
WITH A VARIETY OF ENDOPHYTIC REPRESENTATIVES FROM 
THE ROOT OF AGRICULTURAL CROPS IN NORTH 
KAZAKHSTAN 

 
17:45 ɀ 18:00    B22 
Alyona  BUNAS, Volodymyr  DVORETSKYI, Mykhailo  DVORETSKYI, 
Kirill  BONDARENKO  

Institute of Agroecology and Environmental Management of NAAS, Kyiv, Ukraine 

BIOSAFETY OF AGROCENOSES AND ENVIRONMENTALLY SAFE 
MEANS OF PLANT GROWING 

 
18:00 ɀ 18:15    B23 
Malika  BARKAT 

&ÒîÒÅÓ -ÅÎÔÏÕÒÉ Constantine1 University, Constantine, Algeria,  

IMPACT OF ECOLOGICAL EXTRACTION METHODS ON 
POLYPHENOLIC COMPOUNDS AND ANTIOXIDANT POWER OF 
OLIVE POMACE 
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18:15ɀ 18:30    B24 
Moufida  CHAARI 1*, Eider  MATXINANDIARENA 2, Khaoula  ELHADEF1, 
Alejandro  * -­,,%22, Slim  SMAOUI 1 

1Laboratory of Microbial, Enzymatic Biotechnology and Biomolecules (LBMEB), Center of 
Biotechnology of Sfax, University of Sfax-Tunisia, 3029 Sfax, Tunisia 
2POLYMAT and Department of Polymers and Advanced Materials: Physics, Chemistry and 
4ÅÃÈÎÏÌÏÇÙȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ ÔÈÅ "ÁÓÑÕÅ #ÏÕÎÔÒÙ 506Ⱦ%(5ȟ 0ÁÓÅÏ -ÁÎÕÅÌ ,ÁÒÄÉÚÜÂÁÌ αȟ 
20018 Donostia-3ÁÎ 3ÅÂÁÓÔÉÜÎȟ 3ÐÁÉÎ 

FROM PEEL TO PACKAGE: ECO-FRIENDLY FILMS WITH PURPLE 
CACTUS PEAR EXTRACT 
 
18:30ɀ 18:45   B25 
3×ÁÔÉ -%(4!ȟ 0ÁÎËÁÊ $!()9!ȟ .ÁÖÊÏÔ 2!.! 

Lovely Professional University, Phagwara, India 
MULTI -CUTTING FORAGE CROPS: STRATEGIES FOR YEAR-
ROUND LIVESTOCK FEED SUPPLY 
 
18:45ɀ 19:00   B26 
Yevgenia TKACH, Igor  MOVCHAN, Alyona  BUNAS, Olena  SHERSTOBOEVA 

Institute of Agroecology and Environmental Management of NAAS, Kyiv, Ukraine 
BIOLOGICAL ACTIVITY OF THE SOIL OF THE FOLLOWING 
CROP WHEN USING BIODESTRUCTORS 
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12:30 ɀ 16:45 Technical  Session C 
 

Air, Water & Sediments Pollution and Waste 
Management  

 
Chair of the Session:  %ÍěËÅ )-2% 

 
12:30 ɀ 12:45   C1 

Imane EL -BAGGAR1, Jamila BAHHOU1, Salma LATIQUE1,2 
1Laboratory of Biotechnology, Conservation and Valorization of bioresources, 
Faculty of Sciences, Dhar El Mahraz, Sidi Mohamed Ben Abdellah University, Fez, 
Morocco. 
2Laboratory of Drug Sciences, Faculty of Medicine, Pharmacy and Dentistry of Fez, 
Sidi    Mohamed, Ben Abdellah University, Morocco, 

ISOLATION AND GROWTH KINETICS OF MICROALGAE FROM 
THE FEZ-MEKNES REGION OF MOROCCO 
 
12:45 ɀ 13:00    C2 

Smaine CHELLAT, Assia NAIM, Yasmine BENDJEDI  
Department of Laboratory of Geology and Environment, Department of 
Geological Sciences University Constantine1, Algeria 

METAL POLLUTION AND ENVIRONMENTAL DEGRADATION IN 
THE AZZABA REGION, ALGERIA 
 
13:00 ɀ 13:15    C3 

Rahul Islam, Sufia Zaman, Abhijit Mitra  
Department of Oceanography, Techno India University, West Bengal, EM 4 Salt 
Lake, Sector V, Kolkata 700091, India  

MICROBIAL LOAD IN CARP MUSCLE AND AMBIENT MEDIA OF 
EAST KOLKATA WETLANDS; AN EMERGING THREAT TO PUBLIC 
HEALTH  
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13:15 ɀ 13:30     C4 
#ÈÉÍÅÄ /4'/.4!-)2ȟ :ÓÏÌÔ ")2s 

(ÕÎÇÁÒÉÁÎ 5ÎÉÖÅÒÓÉÔÙ ÏÆ !ÇÒÉÃÕÌÔÕÒÅ ÁÎÄ ,ÉÆÅ 3ÃÉÅÎÃÅÓȟ 'ĘÄĘÌÌěȟ (ÕÎÇÁÒÙ 

CROSS-BORDER CONSERVATION OF SMALL FELIDS 
 
13:30 ɀ 13:45    C5 

Kamran Jafarpour Ghalehteimouri 1,2,3 
1Environmental Resilience and Sustainability, Malaysia-Japan International of 
Technology, University Technology Malaysia Kuala Lumpur, Jalan Sultan Yahya 
Petra, Kuala Lumpur. 
2Disaster Preparedness & Prevention Centre, Malaysia-Japan International of 
Technology, university Technology Malaysia Kuala Lumpur, Jalan Sultan Yahya 
Petra, Kuala Lumpur 
3Department of Geographical Sciences, Faculty of Geography and Urban planning, 
Kharazmi University, Human Sciences building 4th floor, Tehran, Iran postcode: 14911 
ɀ 15719 

ENHANCING URBAN GREEN INFRASTRUCTURE THROUGH 
ECOSYSTEM SERVICES POTENTIAL INDEX (ESPI) INTEGRATION 
FOR SCENARIO-BASED LAND TREND INDEX ASSESSMENT IN 
KUALA LUMPUR: A SATELLITE ANALYSIS 
 
13:45 ɀ 14:00    C6 

Ahmed Samer TOUATI1, Ammar MAOUI2, Yassine GUEROUI3  
1,3Department of Ecology and Environmental Engineering, University 8 May 1945 
Guelma BP 12 Guelma 24000, Algeria 
2Civil engineering and hydraulics laboratory (LCGH), University 8 Mai 1945 Guelma 
BP 401 Guelma 24000, Algeria 

CONTRIBUTION TO THE ASSESSMENT OF PHYSICOCHEMICAL 
AND MICROBIOLOGICAL POLLUTION LEVELS IN THE WATERS 
OF THE BOUHAMDANE SUB -BASIN - GUELMA - 
NORTHEASTERN ALGERIA 
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14:00 ɀ 14:15    C7 
'ÅÏÒÇÉÎÁ 4s4(-NAGY, )ÓËÁÎÄÅÒ "%. 2*)"!ȟ 6ÉËÔÏÒ 3%"%349O. 

University of Pannonia, Faculty of Engineering, Sustainable Solutions Research 
,ÁÂÏÒÁÔÏÒÙȟ 6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 

CLIMATE ADAPTATION IN URBAN ENVIRONMENTS: PRACTICAL 
EXAMPLES AND LESSONS LEARNED 
 
14:15 ɀ 14:30    C8 

Cheriet MANEL  
5ÎÉÖÅÒÓÉÔÙ ÆÒîÒÅ -ÅÎÔÏÕÒÉȟ #ÏÎÓÔÁÎÔÉÎÅ-1 FSTGAT, Department of geological 
science, Algeria 

POLLUTION OF RECEIVING ENVIRONMENTS BY DISCHARGES 
FROM OIL REFINING  
 
14:30 ɀ 14:45    C9 

Adhena AYALIEW WERKNEH1,2, James HENSTOCK1, Qiang WU1, 
Ominika ZABIEGAJ1  

1Northumbria University Newcastle, NE1 8ST, Newcastle Upon Tyne, UK 
2Mekelle University, Ethiopia, P.O. Box 1871, Mekelle, Ethiopia 

TREATMENT WETLANDS FOR REMEDIATION OF FOREVER 
CHEMICALS: A NATURE-BASED APPROACH 
 
14:45 ɀ 15:00    C10 

Ishaq Lugoloobi  
University of Science and Technology of China (USTC), Hefei, Anhui, China 

EXOGENOUS H 2 S DONORS IN CHEMICAL AND BIOLOGICAL 
CO-EXISTENCE WITH FISH 
 
15:00 ɀ 15:15    C11 

Abbas Ali Ghezelsofloo1, Marzieh Mohammady Aria2  
1Associate Professor, IAUM, Mashhad, Iran 
2Isfahan University of Technology, Isfahan, Iran 

CLIMATE AND ANTHROPOGENIC DRIVERS OF WATER QUALITY 
DEGRADATION IN THE SEMI -ARID RIVER SYSTEMS (A REAL 
CASE STUDY) 
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15:15 ɀ 15:30     C12 
3ÜÎÄÏÒ J. :3!2.s#:!)ȟ +ÒÉÓÚÔÉÎÁ $%-O.9 

sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ 2ÅÊÔě 3ÜÎÄÏÒ &ÁÃÕÌÔÙ ÏÆ ,ÉÇÈÔ )ÎÄÕÓÔÒÙ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔÁÌ 
Engineering Institute of Environmental Engineering, Natural Sciences, Hungary 

SOME EXPERIENCES CONCERNING LOWER MISSISSIPPI RIVER 
VALLEY IN US 
 
15:30 ɀ 15:45    C13 
3ÜÎÄÏÒ *Ȣ :3!2.s#:!)ȟ #ÓÁÂÁ <'/34/. 
sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ 2ÅÊÔě 3ÜÎÄÏÒ &ÁÃÕÌÔÙ ÏÆ ,ÉÇÈÔ )ÎÄÕÓÔÒÙ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔÁÌ 
Engineering Institute of Environmental Engineering, Natural Sciences, Hungary 

ECONOMIC AND ECOLOGICAL CONDITIONS CONCERNING 
SOME EXPERIENCES OF UPPER MISSISSIPPI RIVER VALLEY IN 
US 
 
15:45 ɀ 16:00   C14 

Abbas Ali Ghezelsofloo1, Marzieh Mohammady Aria2  
1IAUM, Mashhad, Iran 
2Isfahan University of Technology, Isfahan, Iran 

ENVIRONMENTAL AND PUBLIC HEALTH BENEFITS OF URBAN 
FORESTS ALONG THE RIVERS: PRESENTING A REAL CASE 
STUDY 
 

16:15 ɀ 16:30   C15 
Shrouk Algarihi Ebrahim1,* , Metwally Ramadan Kottb2, Mona 
Mahmoud Elbous1, Sergio de los Santos Villalobos3  

1Botany Department, Faculty of Science, Port Said University, Port Said, 
Egypt. 
2Botany Department, Faculty of Science, Suez Canal University. 
3)ÎÓÔÉÔÕÔÏ 4ÅÃÎÏÌĕÇÉÃÏ ÄÅ 3ÏÎÏÒÁȢ γ ÄÅ ÆÅÂÒÅÒÏȟ ζίζ ÓÕÒȟ #ÁÊÅÍÅȢ ζγήήήȟ 
#ÉÕÄÁÄ /ÂÒÅÇĕÎȟ 3ÏÎÏÒÁȟ -ïØÉÃÏ 

PLANT GROWTH -PROMOTING FUNGI ASSOCIATED WITH 
DIFFERENT HABITATS IN EGYPT 
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16:30 ɀ 16:45   C16 
4ÉÍÅÁ 6ÅÒÅÓ Ϋȟ *ĭÌÉÁ 4ÏÂÁËάȟ 'ÅÏÒÇÉÎÁ 4ĕÔÈ-Nagy3* 

1University of Pannonia, Faculty of Economics, Department of Accounting 
ÁÎÄ &ÉÎÁÎÃÅ )ÎÓÔÉÔÕÔÅȟ 6ÅÓÚÐÒïÍȟ %ÇÙÅÔÅÍ ÓÔÒÅÅÔ ίήȢ ÅÍÁÉÌȡ 
veres.timea@phd.gtk.uni-pannon.hu, 
2University of Pannonia, Faculty of Economics, Institute of Management, 
6ÅÓÚÐÒïÍȟ %ÇÙÅÔÅÍ ÓÔÒÅÅÔ ίήȢ ÅÍÁÉÌȡ tobak.julia@gtk.uni-pannon.hu 
3*University of Pannonia, Faculty of Engineering, Sustainable Solutions 
2ÅÓÅÁÒÃÈ ,ÁÂÏÒÁÔÏÒÙȟ 6ÅÓÚÐÒïÍȟ %ÇÙÅÔÅÍ ÓÔÒÅÅÔ ίήȢ ÅÍÁÉÌȡ toth -
nagy.georgina@mk.uni-pannon.hu 

THE FINE LINE BETWEEN TRANSPARENCY AND GREENWASHING: 
NAVIGATING ESG REPORTING 
 

16:45 ɀ 17:00  C17 
Oksana HNATIV 1 Nataliia SHAMA2 Bijay Kumar  KANDEL3 

1Ivan2Ivan Franko National University of Lviv, 1, Universytetska St., Lviv, 79000, Ukraine 
2Franko National University of Lviv, 1, Universytetska St., Lviv, 79000, Ukraine 

3International Development Navoiy Innovatsiyalar Universiteti, Uzbekistan, Swiss 
Institute of Management and Innovation, Switzerland; University of the South Pacific; 
Fiji; (UNICAF University), Cyprus 

THE IMPACT OF FULL-SCALE WAR ON THE ENVIRONMENT: 
SOLUTIONS 
 

17:00 ɀ 17:15  C18 
Olena Mitryasova, Viktor Smyrnov, Andrii Mats, Oleksandra 
Kovalska  

Petro Mohyla Black Sea National University, Mykolaiv, Ukraine 

HYDROCHEMICAL STATUS DETERIORATION AND WATER 
RESILIENCE CHALLENGES IN THE SOUTHERN BUH ESTUARY 
 
 
 
  

mailto:veres.timea@phd.gtk.uni-pannon.hu
mailto:tobak.julia@gtk.uni-pannon.hu
mailto:toth-nagy.georgina@mk.uni-pannon.hu
mailto:toth-nagy.georgina@mk.uni-pannon.hu
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Friday - 9th  of  May 2025 
 

09:00 ɀ 10:15            Technical  Session A 
 

Healthcare: Risk & Management  
 

Chair of the Session:  <ÇÎÅÓ "<,).4 
 
09:00 ɀ 09:15   A1 
Sushma PAUDEL1, Sushmita PAUDEL1, Samikshya KAFLE1 

Himalayan White House International College, Purbanchal University, 
Kathmandu, Nepal 

A DERMATOGLYPHIC STUDY OF PRIMARY FINGERPRINTS 
PATTERN IN RELATION TO GENDER AND BLOOD GROUP 
AMONG RESIDENTS OF KATHMANDU VALLEY, NEPAL  

 
09:15 ɀ 09:30   A2 
Maru ZEWDU KASSIE1, Haymanot BERELIE BEREHAN2, 
Seyifemickael AMARE YILEMA 3, Birhanie ADDIS AYELE4 

1Assosa University, Ethiopia 
2Assosa Universit, Ethiopia 
3Debre Tabor Universit, Ethiopia 
4Gondar University, Ethiopia 

DETERMINANT FACTORS OF THE LONGITUDINAL PULSE 
PRESSURE AMONG HYPERTENSIVE PATIENTS TREATED AT 
ASSOSA GENERAL HOSPITAL, WESTERN ETHIOPIA 
 
09:30 ɀ 09:45   A3 
Bello  OLUNIKE ADEDOYIN  

1Department of Biology, Osun state college of education Ila-Orangun, Nigeria 

ENVIRONMENTAL HEALTH & BIOSECURITY: INTEGRATING 
SCIENCE, ENGINEERING AND APPLICATION FOR A SAFER 
FUTURE 



 

 Page 54 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
09:45 ɀ 10:00   A4 
Baljeet SINGH BALI  

1Department of Anthropology, Government Degree College, Baramulla, -
193103, Jammu and Kashmir, India. 

GROWTH TRENDS AMONG ADOLESCENT SHIN BOYS: AN 
ISOLATED TRIBE OF GUREZ VALLEY, JAMMU AND KASHMIR, 
INDIA  

 
10:00-10:15   A5 

Hosam E.A.F. BAYOUMI HAMUDA , Izabella VARGA  
Obuda University, Budapest Hungary 

THE EFFECT OF STRESS ON THE HUMAN BODY AND HEALTH 
 
10:15 ɀ 10:30    A6 

Agha Kamran Khana, Muhammad Amira, Muhammad Nohail 
Khana, Muhammad Ahmed Abbasa, Farhatul ain Siddiqui  

Department of Biomedical Engineering, Ziauddin University, Pakistan 

COMPARATIVE ANALYSIS OF ARSENIC-INDUCED ALTERATIONS 
IN LIVER AND BRAIN FUNCTION LINKING TOXICITY TO 
PHYSICAL PERFORMANCE DEFICITS IN MICE 
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10:15 ɀ 10:45            Technical  Session D 
 

Artificial intelligence, Bioinformatics, Circular Economy Strategy  

 
Chair of the Session:  <ÇÎÅÓ "<,).4 

 
10:15ɀ 10:25   D1 
Mamataben SONI 1, Subhash DESAI2 

1Madhav University, Pindwara, Rajasthan, India 
2Mentor, Shiyani Research Institute, RAJKOT, Gujarat, India 

PHYSICS ɀ DRIVEN COMPARATIVE ANALYSIS OF BARCODE, 
RFID TAG AND QR CODE FOR IOT APPLICATIONS  
 
10:25 ɀ 10:35   D2 
Anwar ROVIK 1, Dian ASTI UMAROH 2, Asrul FANANI 4,5, Raden 
AHMAD ZAINUL AZIZ 3, Ayu RAHAYU 6, Titik NURYASTUTI 6 

1Master Program of Biotechnology, The Graduate School of Universitas 
Gadjah Mada, Jl. Teknika Utara, Caturtunggal, Sleman 55281, DI Yogyakarta, 
Indonesia 
2Faculty of Biology, Universitas Gadjah Mada, Jl. Teknika Selatan, Sekip 
Utara, Sleman   55281, DI Yogyakarta, Indonesia 
3Biology Study Program, Faculty of Mathematics and Natural Sciences, 
Universitas   Negeri Surabaya, Jl. Ketintang, Surabaya 60231, Jawa Timur, 
Indonesia 
4Indonesia Research Institute for Bioinformatics and Biomolecular (INBIO), 
Malang, Indonesia 
5Department of Biochemistry, Faculty of Mathematics and Natural Sciences, 
Universitas   IPB, Bogor 16680, Jawa Barat, Indonesia 
6 Department of Microbiology, Faculty of Medicine, Public Health, and 
Nursing, Universitas Gadjah Mada, Jl. Farmako Utara, Sendowo, Sleman 
55281, DI Yogyakarta, Indonesia 

EPIGALLOCATECHIN -3-GALLATE DEMONSTRATES ENHANCED 
INHA BINDING AFFINITY OVER ISONIAZID: A 
COMPUTATIONAL APPROACH TO ANTI -TUBERCULOSIS DRUG 
DISCOVERY 
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10:35 ɀ 10:45   D3 
Er-Rajy MOHAMMED  

LIMAS Laboratory Faculty of Sciences Dhar El Mahraz Sidi Mohamed Ben 
Abdellah University, Fez, Morocco 

DESIGN OF NOVEL ANTI-CANCER DRUGS TARGETING TRKS 
INHIBITORS BASED 3D QSAR, MOLECULAR DOCKING AND 
MOLECULAR DYNAMICS SIMULATION  
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10:45 ɀ 11:30           Technical  Session E 

 
Energy Research & Applications  

 
Chair of the Session:  <ÇÎÅÓ "<,).4 

 
10:45 ɀ 11:00  E1 
Cherkez RADION  

Yury Fedkovich Chernivtsi National University, Chernivtsi, Ukraine 

POSSIBILITY FOR THERMOELECTRIC ELEMENTS WITH 
LATERAL HEAT EXCHANGES 
 
11:00 ɀ 11:15  E2 
Lilis SAFITRI 

 Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia 

REVIEW OF RECENT PROGRESS DEVELOPMENT IN 
SUSTAINABLE COMPOSITE MATERIAL FOR WIND TURBINE 
BLADES 
 
11:15 ɀ 11:30  E3 
%ÍěËÅ )-2%1,2 

1 sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ ("- 2ÅÓÅÁÒÃÈ #ÅÎÔÅÒÓȟ "ÕÄÁÐÅÓÔȟ (ÕÎÇÁÒÙ 
2 sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ !)!- $ÏÃÔÏÒÁÌ 3ÃÈÏÏÌȟ "ÕÄÁÐÅÓÔȟ (ÕÎÇÁÒÙ 

SOME "MICRO-METEOROLOGY" FEATURES OF A TRUNCATED 
PYRAMID SHAPED MSW LANDFILL HILL  
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11:30 ɀ 12:50 Poster Session  
 

Chair of the Session:  %ÄÉÔ 0­3+) 
 
11:30 ɀ 11:35  PP1 
Hassina BOUGHERARA 1, Wassila CHEURFI 1, Rochdi GHALLAB 2, 
Brahim KEBABI 

1Laboratory of Water Pollution and Treatment, Department of Chemistry, 
Faculty of Exact Sciences, Constantine 1-&ÒîÒÅÓ -ÅÎÔÏÕÒÉ 5ÎÉÖÅÒÓÉÔÙȟ 
Constantine, Algeria 
2National Polytechnic School of Constantine, Constantine, Algeria 

!33%33-%.4 /& (%!69 -%4!,3 ). 3%7!'% 3,5$'% &2/- !a. 
3&)(! 7!34%7!4%2 42%!4-%.4 0,!.4 ɉ3O4)&ȟ !,'%2)!Ɋ 
USING X-RAY FLUORESCENCE ANALYSIS 
 
11:35 ɀ 11:40  PP2 
%ÄÉÔ 0­3+) 

!ÌÔÅÒÅÄÕ .ÏÎÐÒÏÆÉÔ ,ÔÄȢȟ 3ÁÒËÁÄËÅÒÅÓÚÔĭÒȟ (ÕÎÇÁÒÙ 

INVOLVING STAKEHOLDERS IN SUSTAINABILITY EDUCATION  
 
11:45 ɀ 11:50  PP3 
Osamah J. AL-SAREJI1, 2, Ruqayah ALI GRMASHA 2,3ȟ -ĕÎÉËÁ 
MEICZINGER1, Csilla STENGER- +/6<#33,4 

1Sustainability Solutions Research Lab, Faculty of Engineering, University of 
0ÁÎÎÏÎÉÁȟ 6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 
2Environmental Research and Studies Center, University of Babylon, Babylon, 
Al-Hillah 51001, Iraq 
3Research Group of Limnology, Center for Natural Science, Faculty of 
%ÎÇÉÎÅÅÒÉÎÇȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 0ÁÎÎÏÎÉÁȟ 6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 
4HUN-RENɀPE Limnoecology Research Group, Egyetem Utca 10, 8200, 
6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 

ENGINEERED ACTIVATED CARBON FROM AGRO-RESIDUES FOR 
THE ADSORPTIVE REMOVAL OF PAHS AND PHACS 
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11:50 ɀ 11:55  PP4 
Adebayo -ADEWUNMI , Raimot ADEJUMOKE 

Department of Biology Education, School of Science Education, 
Federal College of Education (Technical) Akoka-Yaba, Lagos ɀ State, Nigeria 

THE PHYSICO CHEMICAL PROPERTIES OF WATER AND 
SEDIMENT OF AQUATIC FUNGI DETECTION IN LAGOS LAGOON  
 
11:55 ɀ 12:00  PP5 
Mohamed Sabri BENSAAD1, Necer ABDELDJABAR1, Mohamed Amine 
KAHOUL 2 

1Faculty of Natural and Life Sciences, University Batna 2, Fesdis, Batna 
05078, Algeria 
2Laboratory of Food Sciences (LSA), Institute of Veterinary Sciences and 
Agronomic   Sciences, University Batna 1, Batna 05000, Algeria 

MOLECULAR BINDING SIMULATION OF KEY SYNTHETIC 
COMPOUNDS AGAINST PACIFIC OYSTER ESTROGEN RECEPTOR 
AS A NEW PERSPECTIVE TO CONTROL THE REPRODUCTION 
CYCLE OF MAGALLANA GIGAS 
 
12:00 ɀ 12:05  PP6 
Vijaya Kittu MANDA 1*, Mallikharjuna Rao JITTA 2 

1*PBMEIT, Visakhapatnam, INDIA 
2GITAM (Deemed to be University), Visakhapatnam, INDIA 

RESEARCH THEMES ON GREEN INFRASTRUCTURE FOR SMART 
CITIES 
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12:05 ɀ 12:10   PP7 
Narimane MARWA BOUKEZZOULA 1,2, Mehdi BOUTEBDJA 1, 
Ahlem LINDA BOULKEDID 1, Tim GRUENE2 

15ÎÉÔï ÄÅ 2ÅÃÈÅÒÃÈÅ ÄÅ #ÈÉÍÉÅ ÄÅ ÌǪέαηȠ %ÎÖÉÒÏÎÎÅÍÅÎÔ ÅÔ -ÏÌïÃÕÌÁÉÒÅ 
3ÔÒÕÃÔÕÒÁÌÅ ɉ#(%-3Ɋȟ $ïÐÁÒÔÅÍÅÎÔ ÄÅ ÃÈÉÍÉÅȟ 5ÎÉÖÅÒÓÉÔï ÆÒîÒÅ -ÅÎÔÏÕÒÉ 
#ÏÎÓÔÁÎÔÉÎÅ ίȟ !ÌÇïÒÉÅȢ 
2Core Facility Crystal Structure Analysis, Faculty of Chemistry, University of 
Vienna, Austria 

A HIRSHFELD SURFACE ANALYSIS, CRYSTAL STRUCTURE AND 
PHYSICOCHEMICAL CHARACTERIZATION OF ZINC -SCHIFF 
BASE COMPLEX 
 
12:10 ɀ 12:15   PP8 
Kenza IRINISLIMANE1  

-ÅÃÈÁÎÉÃÁÌ ÅÎÇÉÎÅÅÒÉÎÇ ÄÅÐÁÒÔÍÅÎÔȟ -ȭ(ÁÍÅÄ Bougara University, 
Boumerdes, Algeria 

RISK MANAGEMENT IN A COMPLEX ENVIRONMENT  
 

12:15 ɀ 12:20   PP9 
Kenza IRINISLIMANE1  

-ÅÃÈÁÎÉÃÁÌ ÅÎÇÉÎÅÅÒÉÎÇ ÄÅÐÁÒÔÍÅÎÔȟ -ȭ(ÁÍÅÄ "ÏÕÇÁÒÁ 5ÎÉÖÅÒÓÉÔÙȟ 
Boumerdes, Algeria 

%.6)2/.-%.4!, 65,.%2!"),)49ȟ .!452%ȭ3 
PREDISPOSITIONS AND RISK FACTORS 
 

12:20ɀ 12:25  PP10 
Sharda GANGWAR, Sabi MOTIANI  

Institute for Excellence in Higher Education, Bhopal M.P. India 

PROTECTING OUR ENVIRONMENT FOR FUTURE GENERATION 
 
12:25ɀ 12:30     PP11 
GaliyA K. AKHMETOVA  

3ÁÎÉÐÌÁÎÔ "ÉÏÔÅÃÈÎÏÌÏÇÉÃÁÌ 2ÅÓÅÁÒÃÈ ÁÎÄ $ÅÖÅÌÏÐÍÅÎÔ ,ÔÄίȟ 'ěÄěÌÌÏȟ 
Hungary 

TESTING THE PESTICIDE TOLERANCE OF BACTERIAL 
COMPONENTS FOR MICROBIAL SOIL INOCULANTS  
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12:30ɀ 12:35     PP12 
Ahmed M. MUFTAH 1, Bushra S. AL TARBAGIAH2 

1Departments of Earth Sciences, Faculty of Science, University of Benghazi, P. 
O. Box 9480, Benghazi, Libya.  
2Department of Zoology, Faculty of Science, University of Benghazi, 
Benghazi, Libya. 

A PRELIMINARY STUDY ON MALACOFAUNA (MOLLUSCA, 
GASTROPODA) OF NORTHEAST LIBYA 
 
12:30ɀ 12:35     PP13 
Ruqayah Ali GRMASHA 1,2*, Csilla STENGER-+/6<#31,3, Osamah J. 
AL-SAREJI 2,4ȟ -ĕÎÉËÁ -%)#:).'%24 

1Research Group of Limnology, Center for Natural Science, Faculty of 
%ÎÇÉÎÅÅÒÉÎÇȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 0ÁÎÎÏÎÉÁȟ 6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 
2Environmental Research and Studies Center, University of Babylon, Babylon, 
Iraq 
3HUN-RENɀ0% ,ÉÍÎÏÅÃÏÌÏÇÙ 2ÅÓÅÁÒÃÈ 'ÒÏÕÐȟ 6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 
4Sustainability Solutions Research Lab, Faculty of Engineering, University of 
0ÁÎÎÏÎÉÁȟ 6ÅÓÚÐÒïÍȟ (ÕÎÇÁÒÙ 

DEVELOPMENT OF A NOVEL COMPOSITE FOR SURFACE AND 
WASTEWATER POLLUTANT REMEDIATION  

 
12:35ɀ 12:40     PP14 
Necer ABDELDJABAR1, Mohamed Sabri BENSAAD 1, Zina 
ALLAOUA 2 

1Faculty of Natural and Life Sciences, University Batna 2, Fesdis, Batna 
05078, Algeria   
2Faculty of Matter Sciences, Department of Chemistry, Laboratory of 
Chemistry and Environmental Chemistry  (L.C.C.E), University Batna 1, 
Batna 05000, Algeria 

INNOVATIVE RESEARCH STRATEGY TO CHARACTERIZE THE 
ENVIRONMENTAL MICROBIAL TRANSFORMATION PATHWAYS 
OF THREE SYNTHETIC COMPOUNDS 
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12:40ɀ 12:45    PP15 
6ÉÒÜÇ .O-%4(9  

sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ 2ÅÊÔě 3ÜÎÄÏÒ &ÁÃÕÌÔÙ ÏÆ ,ÉÇÈÔ )ÎÄÕÓÔÒÙ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔÁÌ 
Engineering, Product Design Institute, Budapest, Hungary 

VIRTUAL CLOTHES, REAL VALUES: THE REVOLUTION OF 
DIGITAL FASHION  
 
12:45ɀ 12:50     PP16 
#ÓÁÂÁ #%.4%2)Ϋȟ -ÁÒÔÉÎÁ 3,!-/6!άȟ :ÓÏÌÔ ")2sΫ 

1(ÕÎÇÁÒÉÁÎ 5ÎÉÖÅÒÓÉÔÙ ÏÆ !ÇÒÉÃÕÌÔÕÒÅ ÁÎÄ ,ÉÆÅ 3ÃÉÅÎÃÅÓȟ 'ĘÄĘÌÌěȟ (ÕÎÇÁÒÙȟ Å-mail: 
centeri.csaba@uni-mate.hu 
2UNESCO Department for Ecological Awareness and Sustainable Development, 
Technical University in Zvolen, Slovakia, e-mail: centeri.csaba@uni-mate.hu 

SOIL HETEROGENEITY OF TWO NEARBY SLOVAKIAN ARABLE 
AREAS CAUSED BY MOLES AND TILLAGE OPERATIONS 
 

12:55ɀ 13:00    PP17 
Zdenek KUCERA, Alexandra KRUSE, Martina KAUP, Jana 
SPULEROVA, Adeeba RASHID, Martina SLAMOVA, Natalia PITTA -
/33%3ȟ +ÒÉÓÚÔÉÎÁ $%-O.9ȟ #ÓÁÂÁ #%.4%2) 

EUCALAND, Overath, Germany 
FISHPONDS AS MULTIFUNCTIONAL LANDSCAPE FEATURES ɀ A 
COMPARATIVE STUDY FROM CENTRAL EUROPE 
 
13:00ɀ 13:05    PP18 
%ÍěËÅ )-2%1,2ȟ <ÇÎÅÓ "<,).41,3 

1sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ ("- 2ÅÓÅÁÒÃÈ #ÅÎÔÅÒÓȟ "ÕÄÁÐÅÓÔȟ (ÕÎÇÁÒÙȟ imre.emoke@uni-
obuda.hu, agnes.balint@uni-obuda.hu, 
2sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ !)!- $ÏÃÔÏÒÁÌ 3ÃÈÏÏÌȟ "ÕÄÁÐÅÓÔȟ (ÕÎÇÁÒÙ 
3sÂÕÄÁ 5ÎÉÖÅÒÓÉÔÙȟ 2ÅÊÔě 3ÜÎÄÏÒ &ÁÃÕÌÔÙȟ "ÕÄÁÐÅÓÔȟ (ÕÎÇÁÒÙ 

PERMEABILITY FORMULAE ON THE GRADING CURVE SPACE 
 
 
 
 

mailto:centeri.csaba@uni-mate.hu
mailto:centeri.csaba@uni-mate.hu
mailto:imre.emoke@uni-obuda.hu
mailto:imre.emoke@uni-obuda.hu
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13:05ɀ 13:10     PP19 
#(!/5+ (Ȣȟ ÅÔ ÁÌȢ 

Lebanese University, Beirut & American University of the Middle East, Kuwait, 
Lebanon,h.chaouk@ul.edu.lb, 0096566146270 

INVESTIGATING THE PHYSICAL AND OPERATIONAL 
CHARACTERISTICS OF MANUFACTURING PROCESSES FOR MFI-
TYPE ZEOLITE MEMBRANES FOR ETHANOL/WATER 
SEPARATION VIA PCA 
 
13:10ɀ 13:15     PP20 
*ÅÁÎ #ÌÁÕÄÅ .):%9)-!.! 

Institute of Urban Environment / Chinese Academy of Sciences, Jimei District, Xiamen 
City, Fujian Province,nizeyeclaude570@gmail.com, +8617543995824 

A HYBRID SYSTEM FOR NICKEL IONS REMOVAL FROM 
SYNTHESIZED WASTEWATER USING ADSORPTION ASSISTED 
WITH ELECTROCOAGULATION  
 
13:15ɀ 13:20    PP21 

Warda HUSSAINI , Mustafa HYDER 

Department of Public Administartion, University of Karachi, Pakistan 

GLOBAL ENVIRONMENTAL DEVELOPMENT AND 
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The complex system of atmospheric processes is clearly linked to numerous elements of both the 
natural and man-made environment, on which it depends to a greater or lesser extent. Air pollution 
resulting from a country's industrial and agricultural activities, mining, public transport, and 
lifestyle not only affects the air quality of that country but can also have a continental impact. 
Global international agreements are necessary to prevent further damage. We set out to 
investigate heavy metal pollution deposited from the air using moss biomonitoring. To carry out 
the study, we selected three sampling points located 40-50 km apart in southwestern Hungary. We 
collected various moss samples in accordance with sampling regulations, as far as possible. After 
transport to the laboratory, the samples were dried at 40oC for 48 hours. The dry samples were 
ground and then digested in a microwave device. After digesting, the heavy metal content of the 
solution was measured using a flame atomic absorption spectrometer. The results were analyzed 
statistically.  At sampling point 1, the measured concentrations of two elements (Ni, Pb) were the 
highest of all samples, and three elements (Cd, Cu, Co) were the lowest. The highest Co 
concentration was measured at sampling point 2, and in one case the lowest Pb concentration was 
also measured in all samples. Compared to previous measurements, we observed a slight increase 
in copper and nickel. The measured results show that the background load of heavy metals in the 
air in the southwesternregion of Hungary has not changed significantly compared to the 1997 
measurements 
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As cities increasingly embrace Environmental, Social, and Governance (ESG) frameworks to guide 
sustainability transitions, the risk of greenwashing poses a critical threat to credibility, 
transparency, and long-term impact. This paper examines how urban ESG strategies can be 
undermined by misleading claims, vague targets, or superficial initiatives that fail to deliver 
measurable outcomes. Drawing on case studies from Amsterdam, Copenhagen, San Francisco, and 
Singapore, the study identifies recurring patterns of greenwashing in city-level sustainability 
efforts and analyzes the systemic factors that enable them. 
The paper proposes a set of practical tools to enhance the integrity of urban ESG implementation. 
These include the adoption of standardized indicators (such as ISO 37125), independent third-party 
audits, open-access data platforms, and inclusive governance structures that engage citizens and 
civil society in monitoring and evaluation. Emphasis is placed on aligning ESG reporting with 
verifiable performance metrics to ensure consistency between policy narratives and actual 
environmental and social progress.  
Directly engaging greenwashing enables cities to foster public trust, attract sustainable 
investments, as well as make substantial progress in air quality, climate resilience, and biosecurity. 
The outcomes present important insight to urban policymakers, urban planners, and ESG experts 
committed to developing reliable, evidence-based sustainability strategies that align with SDG 11 
and SDG 13 goals, as well as overarching targets concerning environmental well-being and urban 
resilience. 
 
Keywords : ESG, greenwashing, urban sustainability, climate governance, transparency, 
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Toxic pollutants, including chemicals, heavy metals, dyes, and pesticides, have been entering the 
environment from various sources, which is an alarming and frightening issue for both developed 
and developing nations. This challenges researchers and water treatment stakeholders to develop 
straightforward, realistic, affordable, efficient, and environmentally benign remedial methods. 
Emerging pollutants include antibiotics, hormones, illegal medicines, endocrine disruptors, 
cosmetics, pesticides, personal care items, surfactants, and industrial compounds. Adequate 
wastewater treatment techniques are required to overcome this water pollution problem by 
improving recycling and reuse, as the present scenario necessitates a better-performing and less 
hazardous alternative. Nanomaterials perform better than conventional methods in 
environmental clean-up processes. The paper also discusses advanced oxidative processes like 
Fenton and photo-Fenton, Electro-Fenton, photocatalysis, and sonolysis, analysing their chemical 
and equipment aspects. Biosensing technology is also discussed, and its importance in detecting 
and remediating pollutants has been highlighted. Electrocoagulation outperforms conventional 
techniques because it combines coagulation, flotation, sedimentation, and electrochemical 
oxidation processes that may effectively remove a wide range of complicated pollutants. 
 
Keywords : environment, pollutants, nanomaterials, oxidation processes. 
 
Biography  
 
 (Vidwan-ID: 163879), Orcid Id0000-0002-7507-4712,  

Scopus Id57222589047, Researcher IdGYV-5942-2022,  
Google Scholar IdY90suMAAAAAJ 
Dr Sudesh Kumar is working as an Associate Professor with the 
Department of Education in Science and Mathematics, National Institute 
of Education, National Council of Educational Research and Training, New 
Delhi, since 27 December 2023. Prior to this, he worked as an Associate 

Professor in Banasthali Vidyapith, Banasthali, since 2018; before this, he was an Assistant Professor 
in the same department from 01.12.2010.  
From 2005 to 2010, Dr Kumar was associated with MDSU Ajmer and Laxmi Devi Institute of 
Engineering and Technology, Alwar (Rajasthan). 

mailto:sudeshneyol@ncert.nic.in
mailto:sudeshneyol@gmail.com
https://orcid.org/0000-0002-7507-4712
http://www.scopus.com/authid/detail.url?authorId=57222589047
https://www.webofscience.com/wos/author/rid/GYV-5942-2022
http://scholar.google.co.in/citations?user=Y90suMAAAAAJ


 

 Page 84 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
Dr Kumar did PhD in 2008 from Maharshi Dayanand Saraswati University, Ajmer, Rajasthan, 
India. Dr. Kumar completed a post-doctorate from Indian Oil Corporation Limited (Research & 
Development) Center, Faridabad, India.  
His primary research areas include Corrosion Chemistry, Heterocyclic Chemistry, Polymer 
Degradation, and the Advanced Oxidation Process for Waste Management and Water Chemistry. 
In 2018, he established a Microchemistry lab for school-level and bachelor-class students at the 
Department of Chemistry, Banasthali Vidyapith, Banasthali. He is currently working on content 
development in basic science, bridge courses, the Indian knowledge system and its translation into 
regional languages. 
He has translated 04 books for online education for the National Programme on Technology 
Enhanced Learning (NPTEL). In addition, he is the Environmental auditor Team Leader nominated 
by the Rajasthan State Pollution Control Board. 
He has more than 72 research papers in indexed journals, 27 book chapters, 4 books, and 4 Major 
research and Consultancy projects to his credit. 
Dr. Kumar has 17 National and International processes and designs patents in solar energy, 
harnessing water purification systems, Agriculture, Artificial intelligence, and waste-to-use 
projects. 
  



 

 Page 85 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

P4 

EDUCATIONAL STRATEGIES FOR SUSTAINABLE WASTE 
PRACTICES: IMPACT ASSESSMENT OF THE "I TEACH-
ENVIRONMENTAL PROTECTION PROJECT 
 
2ÁÉÎÉÅÌ "29!. 6Ȣ $/-!3)!.ɛȟ /ÆÅÌÉÁ "Ȣ -!.).'!3ȟ *ÁÍÉÎÅ !Ȣ 
"!54)34!ȟ *ÏÍÁÒ 0Ȣ 4!p%3!  
 
Angelika Ross I. Tagum, and 1Francis A. Martinez, College of Teacher Education, 
Laguna State Polytechnic University Los Banos Campus, Los Banos, Laguna, 
Philippines 
ɛ#ÏÒÒÅÓÐÏÎÄÉÎÇ ÁÕÔÈÏÒȭÓ E-mail address: rvdomasian@gmail.com 
 
 
This study evaluates the impact of the "I TEACH-Environmental Protection Project" on community 
knowledge, attitudes, and practices (KAP) in solid waste management. The Focused Educational 
Approach (FEA) was implemented through interactive seminars, distributed educational 
materials, and conducted community Clean-Up Drives. Pre- and post-intervention data assessed 
changes in KAP regarding waste segregation, policies, and environmental impacts of poor waste 
management. The seminars focused on Republic Act 9003, the Ecological Solid Waste 
Management Act of 2000, emphasizing waste reduction, resource use, and community 
involvement. Key areas included the effects of improper disposal, the role of local government 
units, color-coded bins, and scheduled waste collection. Strategies like the 5Rs (Reuse, Reduce, 
Recycle, Repair, Recover) and Material Recovery Facilities (MRFs) were also introduced. Results 
ÓÈÏ×ÅÄ ÓÉÇÎÉÆÉÃÁÎÔ ÉÍÐÒÏÖÅÍÅÎÔÓ ÉÎ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ËÎÏ×ÌÅÄÇÅ ÁÂÏÕÔ ×ÁÓÔÅ ÓÅÇÒÅÇÁÔÉÏÎ ÁÎÄ 
awareness of policies, alongside a shift in attitudes favoring sustainable waste practices. Practical 
improvements included increased use of waste segregation, recycling, and proper disposal. These 
findings highlight that focused educational initiatives can enhance community engagement and 
promote sustainable waste management practices. Future efforts should continue prioritizing 
public education and community involvement to encourage long-term environmental 
responsibility. 
 
Keywords: Focused Educational Approach, Solid Waste Management, Knowledge, Attitude, 
Practices 
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The genus Enterococcus is a group of Gram-positive microorganisms that have a ubiquitous 
distribution and are found in all possible environments where microorganisms exist. They are 
found in water, sewage, soil, etc., of different environmental conditions. The number of species is 
growing, and currently more than 80 species are identified. Enterococcal species have the potential 
to tolerate harsh conditions, produce antimicrobial substances, and live in extreme conditions of 
pH, temperature, radiation, and other biotechnological conditions. It is considered a model of 
adoptability of environments and can proliferate in every environmental niche. The genus 
Enterococcus is also considered a fecal indicator bacterium (FIB) because of its environmental 
persistence. The peculiar and distinguishing feature of enterococcal species makes them an 
important microbe of the environment, having an impact on all the environmental associates. They 
are used to measure the fecal pollution and reflect the water quality. Enterococcus also harbors 
antibiotic resistance genes, particularly to the last-resort antibiotics, and thus remains a threat to 
health. Their great environmental persistence can also lead to causing several GIT-related diseases. 
Despite showing negative impacts, the enterococcal species also perform different functions and 
have roles in various biotechnological industries. For instance, they are helping in the nutrient 
recycling and contributing to the health of the ecosystems. Likewise, their species are currently 
used as probiotics, and different species from diverse sources are identified that have the probiotic 
potential. Besides, Enterococcus are also used in various industries and can aid the socioeconomic 
status of a country. Thus, the environmental prevalence of Enterococcus species is widespread, and 
their impacts are far-reaching. While they serve important ecological functions, their role as 
indicators of fecal contamination and their potential to harbor antibiotic resistance make them a 
significant concern for public health. Efforts to monitor and manage Enterococcus levels in water 
systems, wastewater treatment, and agricultural practices are critical to safeguarding public 
health and preventing the spread of resistant strains. 
 
Keywords : Enterococcus, probiotics, antibiotic resistance, virulence, pathogenesis  
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Fingerprints are unique biometric identifiers that reflect intricate genetic and environmental 
/physiological influences. Beyond their forensic significance, they can offer insights into 
physiological traits like blood groups and gender. The purpose of this research is to find out how 
the fingerprint patterns, ABO-Rh blood groups and gender are related in a college population in 
Kathmandu, Nepal. 
This cross-sectional study included 290 students (144 males and 146 females). Fingerprint patterns 
×ÅÒÅ ÁÎÁÌÙÚÅÄ ÁÎÄ ÃÏÍÐÁÒÅÄ ×ÉÔÈ ÐÁÒÔÉÃÉÐÁÎÔÓȭ !"/-Rh blood groups. Statistical analyses were 
used to determine associations and trends. 
Loops emerged as the most common pattern (57.14%), followed by whorls (35%) and arches 
(7.86%). Blood group B+ve was the most prevalent (33.1%) among the study population. The 
significant association between gender and fingerprint pattern was observed. Gender analysis 
revealed that loops were predominant in females, while males showed a higher frequency of whorls. 
While no significant relationship was observed between ABO blood groups and fingerprint 
patterns, a strong association was found between fingerprint patterns and Rh factor (p = 0.0496). 
Loops were more prevalent among Rh-positive individuals, while whorls were more common 
among Rh-negative individuals. Additionally, specific fingers were observed to have distinct 
fingerprint patterns more frequently. Arches were most prevalent in the index finger of both hands; 
loops were most abundant in both pinky finger and left middle finger. Whorls were most frequently 
observed in ring finger of both hands, and right thumb. 
The findings reinforce global patterns of blood group and fingerprint distribution, where Rh+ 
individuals represent the majority and loops are most dominant fingerprint pattern. Gender-
specific trends suggest the nuanced interplay of genetics, with females displaying a higher 
frequency of loops and males showing more whorls. Similarly, some blood groups are more likely 
to exhibit a specific set of fingerprint patterns. 
This research clearly shows the gender-based differences and influence of genetic factors on 
fingerprint patterns, particularly the Rh factor. These findings contribute to the growing field of 
dermatoglyphics, with implications for forensic science, and population genetics 
 
Keywords : Biometric, Blood group, Dermatoglyphics, Fingerprint. 
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Hypertension is a widespread, chronic condition often associated with age and linked to significant 
cardiovascular complications. This study aimed to identify factors influencing the longitudinal 
pulse pressure (PP) of hypertensive patients treated at Assosa General Hospital (AGH) in Western 
Ethiopia. A retrospective study design was employed, involving 325 randomly selected hypertensive 
patients from the outpatient department (OPD) clinic at AGH during the follow-up period from 
January 2022 to January 2024. Exploratory data analysis and a linear mixed model were applied to 
analyze longitudinally measured PP in these patients. The unstructured (UN) format was chosen 
for the variance-covariance structure of the analysis. 
Among the 325 patients, 51.5% were female, and 54.2% were from urban areas. The following 
variables were found to significantly influence the progression of PP: age (p-value<0.0001), urban 
residence (p-value=0.012), family history of hypertension (FHHTN, p-value<0.0238), Stage-I 
hypertension (HTN, p-value=0.0403), Stage-II HTN (p-value=0.0022), diabetes mellitus (DM, p-
value<0.0001), chronic kidney disease (CKD, p-value<0.0001), smoking (p-value<0.0001), the 
combination of Enalapril + Nifedipine (p-value=0.0249), and follow-up time (p-value<0.0001). The 
profile plot indicated a slow decrease in PP over the follow-up period. Age, residence, FHHTN, DM, 
CKD, smoking status, and the stage of HTN were positively associated with PP, while treatment 
type and follow-up time were negatively associated with PP. Healthcare providers should prioritize 
addressing modifiable risk factors to mitigate the progression of PP and hypertension-related 
complications. 
 
Key Words : Pulse pressure, Cardio-vascular disorder, Hypertension, Longitudinal data 
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In an era marked by global pandemics, industrial pollution, climate change, and emerging 
biological threats, the integration of environmental health and biosecurity is critical. This paper 
explores how scientific research, engineering innovations, and applied practices converge to 
protect human health and the environment. By examining the interplay between ecological 
integrity, public health surveillance, and biotechnological interventions, it highlights the need for 
transdisciplinary strategies in mitigating risks from both natural and anthropogenic biohazards. 
It also underscores the role of environmental monitoring systems, waste management 
technologies, and genomic tools in early threat detection and response. The paper concludes with 
case studies and policy frameworks that demonstrate successful applications in urban sanitation, 
water safety, and epidemic preparedness. A proactive approachɂfusing science with practical 
applicationɂis essential to ensuring resilient and secure ecosystems 
 
Keywords : Environmental health, biosecurity, biosurveillance, environmental engineering, 
sustainable development, climate resilience 
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Growth and maturation are complex physiological processes which assess indirectly quality of life 
of a population and are regulated by the interactions of genes, environment, hormones, tempo of 
growth and timings of puberty. The most powerful strategy is the plasticity of our growth and 
development. Out of all the environmental factors, nutrition has been found to play the most 
important role in determining the growth status of individuals. Adequate amount of nutrition and 
sound health are reflection of appropriate growth progression. Childhood and adolescence are the 
most vulnerable periods when growth can be impaired due to environmental constraints.  
During the present studies, the growth trends in height, weight and body mass index (BMI) during 
adolescence and to construct LMS percentiles of Shins, an isolated Dardic tribe are examined. The 
poor growth status probably seems to be more due to low socio-economic status, inadequate 
nutrition and increased physical activity due to rough terrain and environmental stresses and 
partially due to hypoxia. 
 
Keywords : Adolescence; childhood; development; hypoxia; socio-economic 
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The effects of chronic stress on the human body are manifold. One of the most common 
consequences is an increased risk of cardiovascular diseases. The continuous high blood pressure, 
increased heart rate, and narrowing of blood vessels all can contribute to the development of heart 
diseases. Stress can also increase the level of inflammation in the body, which can lead to various 
chronic diseases, such as rheumatoid arthritis. 
Stressors can appear in various areas of life. Individual experiences and circumstances may present 
different opportunities and challenges, but we can definitely highlight a few general categories. 

1. Workplace stress: The work environment offers numerous sources of stress. The excessive 
workload, deadlines, workplace conflicts, work, and the imbalance between work and 
private life can all increase stress. 

2. Family and relationship stress: Problems that occur in family life, such as relationship 
difficulties, parenting challenges, or family members health problems, can also be a 
significant source of stress. The quality of relationships directly affects the level of stress, 
as a strong, supportive community can reduce the negative impacts. 

3. Financial problems: Financial difficulties, such as debts, unemployment or financial 
uncertainty can also cause stress. A financial problem can cause constant worry, and often 
are related to other psychological problems, such as anxiety and depression. 

4. Health problems: Health problems, such as a disease diagnosis, treatment of chronic 
illnesses, or serious illnesses of family members. 

5. The disease can also be a serious source of stress.  
Lifestyle changes: Major lifestyle changes, such as moving, divorce or the loss of a family 
member also serves as a source of stress. Even the positive changes, such as a new job or 
marriage, can also generate stress. 
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The contamination of groundwater and food sources with inorganic arsenic has made arsenic 
toxicity a significant global public health concern. Prolonged exposure to arsenic through drinking 
water in various regions of South Asia, Southeast Asia, and parts of Latin America has led to severe 
health impacts. Arsenic-polluted drinking water in Pakistan poses an extremely dangerous threat. 
Arsenic toxicity is associated with a range of chronic illnesses, including skin, lung, liver, and 
bladder cancers, as well as cardiovascular diseases, diabetes, and neurodevelopmental disorders. 
This study delves into the lingering dose-dependent toxic effects of arsenic in the liver and brain of 
mice. Previous studies have shown that mouse models are valuable for examining the effects of 
arsenic exposure on liver function and brain histopathology. By employing controlled experimental 
designs, researchers can replicate human exposure scenarios and study the biochemical and 
morphological changes that result from arsenic exposure. This study examined the effects of 
arsenic on four groups at three different concentrations compared to a normal group of mice. 
Additionally, the toxicity of arsenic was assessed through various physical tests such as the forced 
swim test, tail suspension, and sucrose preference test to gauge the level of depressive behavior. 
Furthermore, two important liver enzymes, alkaline phosphatase and bilirubin, were analyzed 
using ELISA. However, the estimation of liver enzymes revealed that the level of ALP and bilirubin 
was already high in both the control and the treated mice. These findings were further investigated 
by statistical analysis using ANOVA, and the observed differences in arsenic concentrations 
among these groups were not statistically significant. Subsequently, a histopathological 
examination of the cerebrum of the brain was conducted to assess the through H&E staining on 
histology slides, which revealed dose-dependent progressive tissue necrosis. However, further 
qualitative and quantitative research will also be helpful for the validation of these results. 

 
Keywords : Arsenic (As), mice model, ELISA, Brain Histopathology, ANOVA.
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Soil is alive, not just dirt under our feet. Living Soil - Typical Composition with minerals, air, water, 
and organic matter which sustain the life.  Organic Matter: Retains moisture and enriches soil 
with nutrients. Soil Organisms: Microbes, fungi, and earthworms create balance. Healthy soil 
means better crops, less chemicals, and more sustainability. 
The global population is expected to grow and reach 9.7 billion by 2050. Global food supplies will 
need to increase to ensure the growing global population has access to quality food produce. We 
should tailor our soil health and plant nutrition solutions. That way, we ensure the soil is nutritious 
and fertile, meaning higher-yielding crops and enhanced livelihoods for farmers 
4ÈÅ 0ÒÏÔÅÃÔÉÏÎ ÏÆ ÓÏÉÌ ÂÉÏÄÉÖÅÒÓÉÔÙ ÆÏÒ Á ÔÈÒÉÖÉÎÇ ÐÌÁÎÅÔ $ÏÎȭÔ ÇÕÅÓÓȟ ÍÅÁÓÕÒÅ ÉÔ ÁÓ ÓÃÉÅÎÔÉÓÔÓ ÁÌ×ÁÙÓ 
ÐÒÅÁÃÈÉÎÇ Ȱ 
 
7(!4ȭ3 #!53).' 4()3 3),%.4 #2)3)3ȩ  Practices like monocropping, excessive soil tilling, 
deforestation, and overgrazing strip the land bare, while climate change accelerates soil erosion. 
The result: Depleted soils that cannot hold water, grow crops, or store carbon. Studies reveal that 
if current rates of soil degradation persist, we have only 60 years of harvests left. Think about that 
ɂ "60 harvests before the Earth can no longer sustain us."   
Poor soil quality means food with less nutritional value, weaker ecosystems and a growing climate 
crisis.   (ÅÒÅȭÓ (/7ȡ #ÈÏÏÓÅ ÌÏÃÁÌȟ ÓÅÁÓÏÎÁÌȟ ÁÎÄ ÏÒÇÁÎÉÃ ÐÒÏÄÕÃÅ ÔÏ ÓÕÐÐÏÒÔ ÒÅÇÅÎÅÒÁÔÉÖÅ ÆÁÒÍÉÎÇȢ 
Plant more trees or support afforestation projects. Reduce usage of chemicals in garden, Switch to 
natural fertilizers.  Start composting at home: It is one of the best ways to regenerate soil.  Healthy 
ÓÏÉÌ О (ÅÁÌÔÈÙ ÐÌÁÎÅÔȢ  ,ÅÔȭÓ ÈÅÁÌ ÂÏÔÈȟ #ÏÍÐÏÓÔÉÎÇ ×ÉÔÈ ÃÁÒÅÓȢ  
 
Keywords : Traditional farming, organic cultivations, natural manures 
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The presence of petro-based polymers is a big challenge threatenes environmental safety. Scientific 
research aims to developp new environmentally friendly polymers, low cost and with a controlled 
lifespan. Moreover, biobased materials such as oil vegetables constitute an interesting alternative. 
Polyurethanes are materials used in various industrial sectors including automobiles, furniture, 
coatings, elastomers, insulation and packaging. They are producted from polycaprolactone and 
hexamethylene dissocyanate. Another type of polyurethane called bio-based polyhydroxyurethane, 
is prepared from functionalized jojoba oil and butane-1,4-diamine which is used as biosourced 
material. The obtained materials were characterized by FTIR, NMR. 
 
Keywords : Polymers, petro-based, bio-based, polyurethane, polyhydroxyurethane, jojoba oil 
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Beetles are, among the types of insects in the world with around 400000 species and accounting 
for 40% of all insect species documented so far. Beetles (Coleoptera) are among the most varied 
and evolutionary successful insect f, because of extraordinary morphological adaptations, notably 
in their legs. These unique features, which varies greatly throughout beetle species, enable them to 
carry out a variety of ecological tasks include swimming, sticking to surfaces, and burrowing. 
These unique characteristics not only showcase the diversity of beetles but also emphasize the 
significance of leg adaptations in their survival, across different environments. Examining the 
structure of beetle legs reveals information about how physical changes might increase their 
capabilities and allow these insects to thrive in a variety of environments.  
During the present studies, different beetle species referring to different habitats were collected 
from district Mohali (Punjab). The ultrastructure of the legs of beetles was analysed via SEM. The 
various structural components of the leg including coxa, trochanter, femur, tibia, tarsus and 
different types of sensilla were studied. This study will bring new insights into the complex anatomy 
of beetle legs and their unique adaptations by comparing these structures across a wide range of 
beetle species, emphasizing the many ecological roles these appendages play. 
 
Keywords : Insects; ecological; femur; sensilla; trochanter 
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Artificial light at night (ALAN) has emerged as a pervasive environmental pollutant, 
fundamentally disrupting natural nocturnal ecosystems worldwide. Moths, representing over 
160,000 species globally, are particularly vulnerable due to their dependence on celestial navigation 
cues and nocturnal activity patterns. This manuscript examines ALAN's multifaceted impacts on 
moth ecology, spanning individual behavioural responses to ecosystem-level consequences. ALAN 
disrupts moth biology through several mechanisms: spectral attraction to artificial lights causes 
fatal disorientation and exhaustion; circadian rhythm disruption impairs reproduction and 
survival; and reduced pollination services alter plant-insect networks. Population studies reveal 
concerning declines, with caterpillar abundance reduced by 47% near streetlights and significant 
species losses under skyglow conditions 
Effective mitigation requires spectrum-shifting to longer wavelengths, strategic shielding, and 
dark corridor preservation, integrated with urban planning and conservation policies. Given moths' 
crucial roles as pollinators and prey species, addressing ALAN represents an urgent conservation 
priority for maintaining nocturnal biodiversity  
 
Keywords. Moths, ALAN, Phototaxis, Light pollution, population decline, habitat conservation, 
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In India, nematodes have a significant impact on crops, reduced yields (up to 50-60% in some 
cases) and decreased fruit quality. Nematode shows adverse effect on the plant and cause stunted 
plant growth, increased susceptibility to other diseases and economic losses (estimated to be 
around Rs. 10,000 crores annually). Meloidogyne incognita can cause significant yield losses in 
tomato plants. The present study evaluated the efficacy of neem extract in managing Meloidogyne 
incognita infestation on tomato plants. Different concentrations of neem extract were applied to 
tomato plants and their effects on nematode morphology, mortality, and egg hatching were 
assessed. Neem extract at highest concentration demonstrated maximum efficacy against 
nematodes in both in vitro and in vivo experiments, exhibiting significant improvements in 
morphological parameters, enhanced enzymatic and non-enzymatic antioxidative activities, and 
inhibition of egg hatching and juvenile development. The extract showed potent nematicidal 
activity, disrupting nematode morphology and physiology, enhancing plant antioxidant defences 
and inhibiting egg hatching (up to 92.1%) and juvenile mortality (up to 93.2%). The consistency of 
these results in both in vitro and in vivo experiments highlights the potential of neem extract as a 
natural and sustainable solution for managing nematode infestations in plants. This offers a viable 
alternative to synthetic nematicides, which can be harmful to the environment and human health. 
.ÅÅÍ ÅØÔÒÁÃÔÓȭ ÍÕÌÔÉ-faceted mechanism of action and natural origin makes it an attractive 
solution for agricultural and horticultural applications. The paper aims to comprehensively 
investigate efficacy of neem extract in managing nematode infestations in plants and investigate 
the effects of neem extract on plant growth parameters, such as root weight, shoot weight, plant 
length and gall formation. Overall, the objectives of the study are to comprehensively investigate 
the potential of neem extract as a natural and sustainable solution for managing nematode 
infestations in plants, and to highlight its advantages as natural nematicides against Meloidogyne 
incognita. 
 
Keywords : Biomanagement, plant parasitic nematode, leaf extract of Azadirachta indica 
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Background and aim:  The use of compost and the compost tea are an effective and 
environmentally friendly alternative. They offer an important alternative to promote plant 
development and fight against diseases. In this context, the present work is part of the biological 
control by means of compost against the main fungi causing olive dieback diseases. 
Methods:  Isolation of antagonistic bacteria from compost extract and antifungal activity were 
tested. 
Results:  The results of physicochemical and microbiological analyses showed a strong ability of 
compost tea to reduce the growth of phytopathogenic fungi. The microbiological study of the 
compost juice allowed the isolation of 13 bacteria. Of the isolated bacteria, only two showed high 
antifungal activity, including the H7 bacterium is identify a Bacillus sp. which showed the 
strongest antagonistic power with inhibition rates of up to 70%. This bacterium is the only one 
that was able to produce volatile organic compounds that inhibit the mycelial growth of the fungi 
tested. The in vivo test on potato tubers confirmed the usefulness of isolated H7 bacteria in the 
control of necrosis caused by the fungi studied compared to the untreated diseased control. 
Conclusion:  The results obtained highlighted the interesting potential of bacteria from compost 
derived from shrimp shell waste in the protection of olive crop against various fungal pathogens. 
 
Keywords : Compost extract; shrimp shell waste; antifungal activity; bacteria  
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Forest fires pose significant challenge to environment and human beings. The Forest Survey of 
India said that 90% of the forest fires created by humans. It is disrupting ecological balance, 
impacting socio-economic harmony, and raising global concerns. India experiences high 
incidences of forest fires in certain regions, making it crucial to implement suitable management 
measures considering the driving forces influencing fire likelihood. This review aims to identify 
forest fire susceptibility zones in the fire-torn as well in fire-prone regions by using remote 
sensing data and satellite maps with the help of artificial intelligence modeling approaches, such 
as machinelearning and deep learning. In machine learning approach, the Random Forest (RF) 
model performs best among the five models employed, achieving an area under the receiver 
operating charac teristic curve (AUC) value of 0.87. Applying deep learning method of machine 
learning on meteorological measurements, namely temperature, relative humidity, rain, and 
wind, predictions on forest fires indices are reasonably accuirate and outperforms traditional 
machine learning approaches. For all methods other than Decision Tree (DT), the root means 
square error (RMSE) values of predictions to actual experimental data are around 0.02. RMSE 
of z-ccore value method is the lowest. Further, from more detailed comparative analyses of world 
forest fire data on the suceptibility, frequenyc, severity and speadability of forest fires, it is more 
dangerous to the world when compared to Indian subcontinent. 
 
 Keywords : Forest Fires, Machine Learning, Deep Learning, Artificial Intelligence, Modelling 
Approach, Random Forest 
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Greenhouse gas (GHG) emissions have caused profound adverse impacts on mankind, ranging 
from the intensification of extreme weather events, rising sea levels threatening coastal 
communities, degradation of agricultural productivity due to climate variability, increased 
prevalence of respiratory and cardiovascular diseases linked to air pollution, to the 
unprecedented loss of biodiversity crucial for human survival. In response to these escalating 
threats, the present study delves into the domain of minimization of emissions by exploring 
scientifically grounded strategies that could significantly curb the trajectory of climate change. 
Firstly, the shift towards renewable energy sources such as solar, wind, and hydroelectric power 
stands pivotal, offering clean alternatives to fossil fuel dependency. Secondly, energy efficiency 
improvements across industries, transportation, and domestic sectors present a viable pathway 
to reduce the overall energy demand while maintaining economic growth. Thirdly, the adoption 
of carbon pricing mechanisms, including carbon taxes and cap-and-trade systems, circular 
economy creates economic incentives for industries to lower emissions and innovate toward 
greener technologies through recycle and reuse. Fourth, nature-based solutions like 
afforestation, reforestation, and sustainable land management practices serve as cost-effective 
methods to sequester atmospheric carbon dioxide. Fifth, carbon capture and storage (CCS) 
technologies emerge as critical tools by capturing carbon emissions directly from industrial 
processes and storing them underground to prevent atmospheric release. Sixth, dietary shifts 
towards plant-based foods have the potential to dramatically lower the carbon footprint 
associated with livestock farming, a major emitter of methane, a potent GHG. Seventh, 
transforming transportation by promoting electric vehicles, public transit systems, and non-
motorized transport (walking, cycling) could substantially cut emissions from the heavily 
polluting transport sector. Eighth, curbing deforestation and protecting existing forests not only 
conserve biodiversity but also preserve vital carbon sinks essential for global carbon balance. 
Ninth, the expansion of geoengineering approaches such as solar radiation management and 
ocean fertilization, although controversial, are under research to assess their feasibility in 
offsetting climate change impacts. Finally, the promotion of international cooperation and 
climate policy frameworks, including robust implementation of the Paris Agreement goals, 
remains indispensable for achieving collective emission reduction targets globally. These ten 
pathways collectively represent a multi-pronged, interdisciplinary approach necessary for 
combating climate change, requiring integration across technology, policy, economy, and  
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societal behaviour. The present investigation underscores that the mitigation of GHG emissions 
demands urgent, cohesive, and sustained efforts, with a focus on sustainable development, 
technological innovation, nature conservation, and global collaboration to secure an emission-
free future for the planet. 
 
Keywords : Climate Change, Emission Control Strategies, Circular Economy, International 
collaboration 
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Background and aim:  Oxidation is a major cause of deterioration in vegetable oils, leading to 
considerable losses of quality and nutritional value. The aim of this work is to investigate the 
potentiality of front face fluorescence and infrared (MIR and NIR) spectroscopies to study the 
impact of faba bean lipoxygenase to promote lipid oxidation of rapeseed oil. 
Methods:  The oxidation of rapeseed oil was monitored using chemical parameters (free fatty acids 
(FFA), peroxide value (PV), thiobarbituric acid reactive substances (TBARS), and total oxidation 
(TOTOX)), and by fluorescence, and infrared spectroscopies coupled with chemometrics. 
Results : Significant increase was observed through time in FFA, PV, TBARS and TOTOX following 
the treatment of rapeseed oil with faba bean flour extract. Fluorescence spectroscopy over 
treatment time showed a decrease in fluorescence intensities (FI) at 668 nm (corresponding to 
chlorophylls), 512 nm (corresponding to carotenoids and/or vitamin E) and around 450 nm (that 
could be ascribed to vitamin K, vitamin E and phenolic compounds). The most significant spectral 
changes in the MIR region were noted ~ 966 cmК1 and 1743 cmК1 which could be associated with the 
formation of trans double bonds and carbonyl compounds. Regarding NIR spectra, an increase in 
the absorbance ~ 1184 and 1406 nm associated with iodine and FFA values and ~ 1736 and 2147 nm 
associated with PV were observed. Principal component analysis (PCA) applied to chemical, 
fluorescence, and infrared data allowed a clear separation of rapeseed oil samples according to 
their treatment times. 
Conclusion:  The results demonstrate that fluorescence, MIR and NIR spectroscopies could be 
considered as reliable, fast and environmentally friendly tools for the monitoring of enzymatic 
oxidation of rapeseed oil. 
 
Keywords:  Rapeseed oil, Oxidation, Lipoxygenase, Fluorescence, Infrared spectroscopies, 
Principal component analysis. 
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A country's farming must be improved to help people live better lives and build the economy more 
quickly. In many poor nations, farming is a significant source of income; thus, improving it can 
benefit the entire country". The study's main objective is to investigate the impact of climate 
change on major crops, namely rice and wheat, in the Telangana State of India through 
temperature changes. For this study period, estimations were selected based on the time series 
data from 1980 to 2024. The methodology used for this study, the Fixed Effect Model (FEM), is used 
on the base of the balanced data design. The study showed that rises in temperature over a short 
period may affect wheat productivity. The study's key findings are that increasing temperature over 
a more extended period favors wheat productivity. Furthermore, the study found that temperature 
increases initially positively impact rice output. The findings from the study will be helpful to 
policymakers, agri-commodity companies, and agri-traders in making better decisions. 
 
Keywords : Climate Changes, Temperature, Precipitation, Rice, Wheat Production. 
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AI-enabled systems make weather predictions, monitor agricultural sustainability, and assess 
farms for the presence of diseases or pests and undernourished plants using data like 
temperature, precipitation, wind speed, and sun radiation in conjunction with photographs 
taken by satellites and drones, Generative AI models can analyze diverse datasets, including 
images, sensor data, and historical records, to detect early signs of diseases or infestations. By 
employing computer vision techniques, these models can identify subtle changes in plant health, 
enabling timely intervention. Climate-smart agriculture is an ideal approach to dealing with 
climate change, which has become a tangible reality, as climate-smart agriculture plays an 
important role in reducing the effects of climate change on the agricultural sector by being a 
new agricultural method to direct the required changes to agricultural systems to achieve the 
greatest possible food security, while paying attention to agricultural natural resources and 
reducing carbon emissions to the lowest possible level. The world has moved towards developing 
practical agricultural methods by making them more dependent on modern technological 
techniques and increasing their ability to adapt to climate change and meet the growing demand 
for food to meet the needs of population growth, which is known as climate-smart agriculture.  
 

Keywords : Artificial Intelligence, Climate- Smart Agriculture, Climate Change, Agricultural 
Sustainability 
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Plastic pollution is a global problem affecting all ecosystems and life on earth. All people are not 
aware about plastic hazards and its impacts in developing countries like India and there is urgent 
need to spread awareness about plastic pollution impacts and its management. Microplastics 
(MPs), are found in all ecosystems, have been detected in human blood stream, stool, and placenta 
and in other body organs. Microplastics can interfere with genetic material and cell functions and 
it is one major cause coupled with other environmental and health conditions for death of human 
and other species. More than 13,000 chemicals have been identified as associated with plastics 
pollution and plastic decomposition takes 20 to 500 years or more. The manufacture of plastics 
has become a major source of greenhouse gas emissions and driver of climate change. More than 
300 million tons of plastic is produced every year and only about 9 % is recycled. Women, children, 
and senior citizens are more susceptible to these toxic chemicals released from plastic items, and 
exposures during fetal development and in children can cause, for example, neuro-developmental/ 
neuro-behavioural related disorders. Existing evidence calls for urgent action to address plastic 
pollution management strategies for effective policy to protect ecosystems, human health, and the 
environment for toxic-free and sustainable circular economy. Some strategies like stainless steel 
bottles for water and glass/ ceramic containers for food storage shall be good ideas to make life 
plastic-free. Strict implementation of rules for plastic pollution management coupled with effective 
laws like Environment (Protection) Act, 1986 in Indian situation can be good step for 
sustainability. 
 

Keywords : Plastic, Pollution, Chemicals, Ecosystem, Health, Circular Economy, Environmental 
Governance. 
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Northern Kazakhstan is one of the main centers of agriculture in the country. Grain production is 
highly developed in this region. However, endophytic fungi have been little studied in this area, 
which protects plants from abiotic factors, without causing any harmful effect to the plants.  
The aim of this research is to evaluate effective types of crop rotations to improve soil fertility by 
involving various agricultural plants such as oilseeds, legumes, cereals and determining the 
endophytic representatives of the root of plants microbiome. 
The field experiments were laid out at the long-term stationary site of the crop rotation laboratory 
located in the northern part of the Akmola region. The field research work was carried out in two 
types of types 4-year soil cover crop rotations and 6-year grain-fallow crop rotations using various 
agricultural crops each year. The roots of various agricultural crops were collected from 
agricultural fields during the flowering plant stage at the Laboratory of Crop Rotation in summer, 
2024. The molecular identification of fungi was carried out by ITS region. The replacement of 
fallows in various crop rotations with grain, legumes, oilseeds, forage and other agricultural crops 
on average amounted to an increase of the yield of grain, green mass and oilseeds from 9.9 to 21.9 
c/ha. In addition, 107 fungal strains were isolated from the roots of various crops belonging to 
Fusarium sp., Alternaria sp., Bipolaris sorok., Beauveria sp., Microdochium sp. etc.  
Therefore, the two tested types of crop rotations 4-year soil cover crop rotations and 6-year grain-
fallow crop rotations with involvement of different crops revealed a positive effect on the yield of 
grain and green of mass. The further research work will be continued on this topic.  
Research funding.  "Development and implementation of systems for connecting agriculture for 
a rational production of agricultural products in conditions of changing climate for various soil 
and the climatic zones of Kazakhstan" was prepared under the targeted funding program 
BR22885719 and based on the results of many years of the scientific research and work.    
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The present study evaluates the Condition Factor (CF) of Lates calcarifer  collected from three 
distinct estuarine regions of the Indian Sundarbans, West Bengal, India ɂ Diamond 
Harbour,  Jharkhali , and Bali  Island ɂ over an eight-month period (March 2024 to October 
2024). Growth parameters, specifically total length (L) and body weight (W), were recorded using 
standard ichthyological tools, including precision digital weighing scales and calibrated length 
boards. Across the dataset, total lengths ranged from 18.39 cm to 37.01 cm, while body weights 
varied between 44.96 g and 784.31 g. These measurements were analyzed using Python-based 
scripts to compute the Condition Factor  (CF) for each specimen, facilitating a comparative 
assessment of the physiological status of L. calcarifer  across the study locations. The CF, a well-
established indicator of general health and robustness in fish, exhibited spatial variability in 
growth performance. Specimens from Diamond Harbour displayed relatively higher CF values 
during the early months, whereas individuals from Jharkhali and Bali Island demonstrated a 
gradual increase in CF over time. The average condition factors  documented were 1.44, 0.92, and 
0.96 for Diamond Harbour, Jharkhali and Bal i respectively. These findings suggest site-specific 
ecological influences on the health and growth of L. calcarifer . The study underscores the 
importance of continuous CF monitoring to better understand biological responses to 
environmental variations within estuarine ecosystems. 
 
Keywords:  Lates calcarifer, Condition Factor, Indian Sundarbans, Fish Health, Growth 
Assessment 
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Aditya is currently pursuing a Doctor of Philosophy (Ph.D.) in a research domain that intersects marine 
environmental science and aquatic biology. His doctoral work includes both experimental and observational 
research, contributing to the understanding of aquatic resource management and ecological assessments. 
He has worked on several applied research projects. One of the key projects involved carbon credit 
assessment at the Nagratakata Tea Estate in West Bengal, where he contributed to evaluating the carbon 
sequestration potential of plantation ecosystems.  

He has also been involved in aquaculture-related studies and has contributed to the preparation of 
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broader scientific understanding of aquatic systems and environmental monitoring.  
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BIOACCUMULATION OF TOXIC HEAVY METALS IN 
COMMONLY CONSUMED FISH SPECIES OF EAST KOLKATA 
WETLANDS: AN INSIGHT INTO THE FOOD SECURITY OF 
THE POPULATION OF THE MEGACITY OF KOLKATA, 
INDIA  
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The East Kolkata Wetlands (EKW), a peri-urban Ramsar Site located along the southern and 
southeastern fringes of Kolkata, India, serve as an essential ecological unit termed the "Kidneys of 
Kolkata" due to their unparalleled role in water recycling, waste management, and nutrient 
recovery. Despite the ecosystem services of this wetland system, anthropogenic pressures and 
industrial activities have raised concerns regarding the accumulation of toxic heavy metals in 
aquatic biota inhabiting this wetland system. The current study presents an in-depth investigation 
into the seasonal bioaccumulation patterns of four toxic heavy metals (Pb, Cd, Cr, Hg) in 
commonly consumed fish species, namely Grass carp (Ctenopharyngodon idella), Rohu (Labeo 
rohita), Tilapia (/ÒÅÏÃÈÒÏÍÉÓ ÎÉÌÏÔÉÃÕÓɊ and Catla (Catla catla), harvested from EKW during three 
distinct seasons of 2024. Results demonstrated significant seasonal variations in metal 
concentrations, with maximum bioaccumulation observed during the monsoon season irrespective 
ÏÆ ÔÈÅ ÆÉÓÈ ÓÐÅÃÉÅÓȢ 'ÒÁÓÓ ÃÁÒÐ ÅØÈÉÂÉÔÅÄ ÔÈÅ ÈÉÇÈÅÓÔ ÌÅÖÅÌÓ ÏÆ ÁÌÌ ÍÅÔÁÌÓȟ ÐÁÒÔÉÃÕÌÁÒÌÙ 0Â ɉίαȢδη Л ίȢηβ 
ppm dry weight) during the monsoon, indicating higher trophic uptake or bioavailability. In 
contrast, Catla exhibited the lowest concentrations across all metals. The elevated presence of 
heavy metals, particularly Pb and Cd, in these fish species raises potential public health concerns, 
warranting regular monitoring and the formulation of effective management strategies to mitigate 
contamination levels. The findings emphasize the critical need for sustainable management of 
EKW, balancing its ecosystem services with food safety and security imperatives. 
 
+ÅÙ×ÏÒÄÓȡ  %ÁÓÔ +ÏÌËÁÔÁ 7ÅÔÌÁÎÄȟ ÔÏØÉÃ ÈÅÁÖÙ ÍÅÔÁÌȟ &ÏÏÄ ÓÅÃÕÒÉÔÙ 
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ECONOMIC AND ECOLOGICAL CONDITIONS OF IRAN 
IN 2010-2022 
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The article analyses main ecological conditions concerning economic development trends of 
Iran in period of 2010 ɀ 2022. Iran plays important role either in economic performance of 
Middle East or in field of crude oil supply for the world market in recent decades. The study 
focuses on the analysing gas emissions CO2 in some main economic fields, as farming system, 
manufacturing industries, food consumption and energy sector. Analyse correlations of 
agricultural GVA produced by irrigated agriculture with agriculture value added in percent of 
GDP, human development index, industry, value added to GDP, changes in number of people 
undernourished during the latest 3-year average, number of rural populations, total 
population, growing rate number of urban populations, fertilizers manufacturing emissions 
CO2, food household consumption emissions CO2 and finally the energy emissions CO2. The 
statistical data used in analyses are coming from World Development Indicators, statistical 
books based on the national statistical bureaus of Iran. The study uses statistical researching 
methods worked out by some main economic experts. results of study show measure of the 
very strong corelations among different economic and ecological variables during the 
researched period in Iran. Study provides proofs in fields of some negative influences given by 
economic activities of the society, which can be seen in cases of increasing gas emissions, from 
which the fertilizers manufacturing emissions CO2 based on the result 2010. This also 
emphasizes the importance of mitigating gas emission to defence natural environment. 
 
Keywords: economic activities, energy emissions CO2, fertilizers manufacturing emissions,  
  household consumption emissions, irrigated agriculture, people undernourished 
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APPLIED OF CLIMATE- SMART AGRICULTURE 
APPROACH FOR AGRICULTURAL SUSTAINABILITY  
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Climate-smart agriculture is an ideal approach to dealing with climate change, which has 
become a tangible reality, as climate-smart agriculture plays an important role in reducing the 
effects of climate change on the agricultural sector by being a new agricultural method to direct 
the required changes to agricultural systems to achieve the greatest possible food security, while 
paying attention to agricultural natural resources and reducing carbon emissions to the lowest 
possible level. The world has moved towards developing practical agricultural methods by 
making them more dependent on modern technological techniques and increasing their ability 
to adapt to climate change and meet the growing demand for food to meet the needs of 
population growth, which is known as climate-smart agriculture. The term smart agriculture 
has emerged as one of the results of the fourth technological revolution, as computational 
techniques, remote sensing devices, remote-operated machines and other modern tools and 
modern technological techniques have been adapted to increase the productivity and quality of 
agricultural crops and resist climate change through flexible smart agricultural practices that 
adapt to climate change. Mechanisms and criteria for transformation to implement the climate-
smart agriculture approach 
 
Keywords : Climate- Smart Agriculture, Climate Change, Agricultural Sustainability 
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MALAGASY SOVEREIGNTY OVER THE SCATTERED ISLANDS AND 
THE PROTECTION OF ECOSYSTEMS: A LEGAL AND SCIENTIFIC 
ANALYSIS 
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An important case study at the nexus of territorial rights and ecological protection is the 
ÏÎÇÏÉÎÇ ÓÏÖÅÒÅÉÇÎÔÙ ÉÓÓÕÅ ÏÖÅÒ ÔÈÅ 3ÃÁÔÔÅÒÅÄ )ÓÌÁÎÄÓ ɉ_ÌÅÓ OÐÁÒÓÅÓɊȢ 4ÈÉÓ ÓÔÕÄÙ ÅÖÁÌÕÁÔÅÓ 
Madagascar's ability to administer these ecologically significant regions in compliance with 
international conservation criteria and investigates whether environmental protection warrants 
France's continued administration of these islands. 
The legitimacy of environmental defenses for territorial occupancy under international law is 
called into issue by the sovereignty dispute between Madagascar and France over the Scattered. 
Madagascar asserts its historical and legal rights over the region, backed by UN resolutions, 
whereas France retains sovereignty of these islands, citing ecological protection as the key 
reason. This essay evaluates Madagascar's ability to manage these ecosystems, looks at the 
viability of France's environmental case, and considers possible frameworks for collaborative 
conservation under Malagasy sovereignty. 
Legally speaking, Madagascar's claim is based on the uti possidetis juris concept, which 
preserves borders from the colonial era at the time of independence. No clause in international 
law enables possession of the islands for environmental reasons alone, and UN Resolution 34/91 
(1979) expressly acknowledges the islands as an essential component of Madagascar. Despite 
these legal underpinnings, France's ongoing governance violates the principles of territorial 
sovereignty and self-determination. Scientifically, while the Scattered Islands host unique 
biodiversityɂincluding coral reefs, seabird colonies, and endangered marine speciesɂtheir 
ÐÒÏÔÅÃÔÉÏÎ ÄÏÅÓ ÎÏÔ ÉÎÈÅÒÅÎÔÌÙ ÒÅÑÕÉÒÅ &ÒÅÎÃÈ ÏÖÅÒÓÉÇÈÔȢ &ÕÒÔÈÅÒÍÏÒÅȟ &ÒÁÎÃÅȭÓ ÍÉÌÉÔÁÒÉÚÅÄ 
presence contradicts its stated ecological objectives, suggesting that alternative, sovereignty-
respecting conservation models are both feasible and preferable. 
In conclusion, there is no moral or legal basis for France's environmental defense of its occupation of the 
Scattered Islands. With the right international assistance, Madagascar is more than capable of managing 
these areas. In accordance with international law, a resolution that supports Malagasy sovereignty will 
protect the islands' ecosystems. The case emphasizes the necessity of separating ecological care from neo-
colonial territorial demands and promoting fair collaborations in international environmental governance 
in its place. 
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THE BLINKING LIGHTS: DECLINE IN FIREFLY 
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Direct from the fairy tales the bioluminescent beetles lay a role of keystone species in 
environment. Fireflies shows a diverse ecological and behavioural life span varying from species 
to species. Current urban developments, agricultural activities and artificial light at night 
(ALAN) lead to decline in their population. Decline in the population is a major concern. Acc. 
To IUCN Red list many of species are yet to be studied. Identification of key threats and 
development and implementation of conservation strategies are need of hour.  
 
Keywords: Firefly; population decline; biodiversity; habitat degradation; ALAN; conservation. 
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FOREST MANAGEMENT USING SPATIAL TECHNOLOGY 
TOWARDS SUSTAINABLE APPROACH: A CASE STUDY 
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Spatial technology is a powerful technology in forest development, management and 
conservation. Environmental modelling using spatial technology (GIS, RS & GPS), as platform, 
can support many database queries tied to spatially referenced object and their associated 
attributes in waste land reclamation and management. Waste lands, which are marginally 
suitable area in open forest, found after analysis and modelling in GIS as 33.37 sq. km. This waste 
land area can be developed by considering basic needs like energy and biomass for local 
community members. Genesis of wasteland and their typologies into degraded forests, 
undulating land, gullied and ravinous land, degraded pastures, waterlogged, salt-affected and 
sand-affected areas etc. have been mapped and analysed with special reference to their 
relationship to natural environment, other land uses, human response and the problems and 
potentialities for reclamation. Action plan was developed for management and development of 
waste lands into forest cover to achieve sustainability.  
 
Keywords : Spatial Technology, GIS Modelling, Degraded Forest, Sustainable Development, 
Forest Management. 
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EFFECTIVE TYPES OF FIELD CROP ROTATIONS ISOLATED 
WITH A VARIETY OF ENDOPHYTIC REPRESENTATIVES 
FROM THE ROOT OF AGRICULTURAL CROPS IN NORTH 
KAZAKHSTAN 
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Northern Kazakhstan is one of the main centers of agriculture in the country. Grain production is 
highly developed in this region. However, endophytic fungi have been little studied in this area, 
which protect plants from abiotic factors, without causing any harmful effect to the plants. The 
aim of this research is to evaluate two types of crop rotations and determine their grain yield, green 
mass of corn and endophytic representatives of the root microbiome of wheat and corn crops. This 
research work was carried out on the 4-year soil cover and 6-year grain-fallow crop rotations. The 
roots of wheat and corn crops were collected from agricultural fields at the Crop Rotation 
Laboratory during the heading plants stage in August 2024. The molecular identification of fungi 
was carried out by internal transcribed spacer (ITS region). The replacement of cereal crops in 4-
year soil cover crop rotation with legumes, oilseeds, forage and other agricultural crops on average 
amounted to an increase of the grain yield of corn to 20.2 c/ha compared to the yield of grain 
ÏÂÔÁÉÎÅÄ ίγȟα ̚ȾÈÁ ÆÒÏÍ ×ÈÅÁÔ ÃÒÏÐ ÉÎ δ-year grain-fallow crop rotations. Overall, 27 fungal strains 
were isolated from two types of crop rotations. Therefore, the two tested types of crop rotations, 4-
year soil cover and 6-year grain-fallow crop rotations revealed a more positive effect and a higher 
yield grain of corn and diversity of fungal genera in the 4-year soil cover crop rotation, whereas in 
the 6-year grain-fallow crop rotations, more isolates were recovered from the wheat crop. This 
research work will be further conducted at the agricultural fields of Crop Rotation Laboratory in 
2025-2026 to test the long-term effect of these two types of crop rotations.  
Research funding. "Development and implementation of systems for connecting agriculture for a 
rational production of agricultural products in conditions of changing climate for various soil and 
the climatic zones of Kazakhstan" was prepared under the targeted funding program BR22885719 
and based on the results of many years of the scientific research and work.    
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SAFE MEANS OF PLANT GROWING 
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In the context of global climate change, the traditional technological map of growing major 
crops consists of at least 3 herbicides, 5 fungicides, 3 insecticides. Since the key factor in the use 
of agrochemicals is the weather conditions of the growing season, which cause crop losses from 
pests and diseases within 30-75 %. Excessive chemical load affects all components of the 
agroecosystem and the surrounding natural environment. and carbon and other issues of the 
ecology of microorganisms and agroecology. One of the dangerous factors for the health of 
people, animals, plants and the environment that create a real or potential danger are biological 
agents. These are microorganisms, viruses, biological toxins, infectious substances of both 
natural origin and genetically modified. In particular, wheat grain and cabbage heads after 
harvest in the agrocenosis are contaminated not only with spores, but also with toxins of the 
most common phytopathogens. These toxins and spores, when ingested by humans and 
animals, cause convulsions, anemia, vomiting, gastrointestinal disorders, decreased vision, 
allergic reactions, immunosuppression, etc. Another of the most dangerous toxins is 
cantharidin, an alkaloid found in the excrement of the larvae of the pea weevil (Bruchus 
pisorum). One of the effective and environmentally safe agricultural measures is biological 
preparations of protective, insecticidal, growth-stimulating action. The use of such biological 
preparations allows not only to reduce the damage to agrocenoses by phytopathogenic 
microorganisms and insect pests by 75-90 %, and accordingly to minimize crop contamination, 
reduce pesticide load. Given all of the above, we conducted a detailed analysis of the market of 
biological preparations in Ukraine and the World. Their effectiveness was compared depending 
on the active microorganism and preparative form, the possibility of combining in one working 
solution. The prospects for use by agricultural producers in large-scale farms were outlined. 
 

Keywords : biosafety, phytotoxins, biological products, field peas, white cabbage, 
spring wheat. 
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IMPACT OF ECOLOGICAL EXTRACTION METHODS ON 
POLYPHENOLIC COMPOUNDS AND ANTIOXIDANT 
POWER OF OLIVE POMACE 
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Recently, new extraction techniques have been developed for polyphenol extraction, using 
environmentally friendly solvents. These include ultrasonic, microwave and supercritical fluid 
extraction. The aim of this study is to compare the total polyphenol content of olive pomace 
samples generated by the same (automatic) process and collected from 6 different regions in 
eastern Algeria. The olive pomace was dried at room temperature, ground to a fine powder and 
then subjected to three types of extraction: one conventional (maceration) and two non-
conventional and innovative (microwave-assisted and ultrasonic). Non-toxic, environmentally-
friendly solvent mixtures were used at different ratios (ethanol/water: 30, 50 and 70%). The 
various extracts obtained were assayed for their total polyphenol content and evaluated for their 
antioxidant power using the DPPH test. The main results obtained indicate the existence of 
variability between the different extracts in terms of both total polyphenol content and 
antiradical potential, depending on the ethanol/water ratio, the extraction method and probably 
the region. The low polyphenol contents obtained, whatever the method used, were recorded with 
the ethanol/water (V/V) mixture (30/70). The use of a large volume of water is therefore not 
recommended for the extraction of phenolic compounds. Similarly, the contents obtained with 
non-conventional methods (microwave-assisted and ultrasonic) and their antiradical power was 
significantly more remarkable than simple maceration. 
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FROM PEEL TO PACKAGE: ECO-FRIENDLY FILMS WITH 
PURPLE CACTUS PEAR EXTRACT 
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The increasing demand for biodegradable and functional food packaging materials has driven 
extensive research into sustainable alternatives. Among these, sodium alginateɂa widely utilized 
polysaccharideɂhas emerged as a promising candidate for the development of eco-friendly, 
biodegradable films for food packaging applications. This study aimed to develop sodium alginate-
based edible films enriched with varying concentrations of purple cactus pear (Opuntia stricta) 
peel extract (PCP) at 0, 0.18, and 0.27%, and to evaluate their functional properties. The 
incorporation of PCP into sodium alginate films resulted in enhanced tensile strength, ranging 
from 5.89 to 7.35 MPa. Additionally, the elongation at break values of the sodium alginate-PCP 
films increased compared to pure sodium alginate films, varying from 53.87% to 69.05%, indicating 
improved flexibility. In terms of thermal stability, films with the highest PCP concentration 
(0.27%) exhibited superior thermal resistance compared to other film samples. Furthermore, SEM 
and FTIR analyses confirmed the successful incorporation of PCP extract into the sodium alginate 
film matrix, with clear evidence of molecular interactions between the film components and the 
bioactive compounds present in the extract. These findings highlight the potential of sodium 
alginate-based films enriched with PCP as a sustainable and functional food packaging solution. 
 
Keywords : Sodium alginate; Purple cactus pear peel extract; Biodegradable packaging; Edible 
films 
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MULTI -CUTTING FORAGE CROPS: STRATEGIES FOR 
YEAR-ROUND LIVESTOCK FEED SUPPLY 
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Ensuring a consistent supply of high-quality forage is essential for sustainable livestock 
production, particularly in regions with seasonal variations in fodder availability. Multi-cutting 
forage crops, which allow multiple harvests in a single growing season, offer a promising 
strategy to address feed shortages and enhance productivity. This study explores the potential 
of multi -cut forage crops such as hybrid Napier, lucerne (Medicago sativa), sorghum (Sorghum 
bicolor) and perennial grasses in providing a continuous feed source. Key agronomic practices, 
including optimized fertilization, irrigation, and cutting intervals, are reviewed to maximize 
biomass yield and nutritional quality. Additionally, the study examines the impact of multi-cut 
systems on soil health, fodder digestibility and economic returns for farmers. The findings 
highlight that adopting multi -cut forage crops can significantly improve year-round feed 
availability, reduce dependency on external feed sources, and enhance the sustainability of 
livestock farming systems. Future research should focus on breeding programs for high-yielding, 
disease-resistant cultivars and the integration of climate-resilient forage production strategies. 
 
Keywords : Multi -cutting forage, livestock feed, sustainable agriculture, year-round fodder, 
forage management, perennial grasses 
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B26 
BIOLOGICAL ACTIVITY OF THE SOIL OF THE FOLLOWING CROP 
WHEN USING BIODESTRUCTORS 
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A temporary experiment was established in the conditions of the Southern Forest-Steppe 
(Vinnytsia region, Ukraine). The purpose of the study was to determine the effect of 
biodestructors, with which organic corn residues were treated, on the biological activity 
of the soil agrocenosis of the following crop (soybean). It is worth noting that biological 
destructors were never used in the experimental plots. The bacterial Polymix and fungal 
MicoCell destructors and their combination were used in the experiment. The research 
was conducted using generally accepted microbiological methods. It was found that the 
use of biological preparations Polymix, MicoCell and their combination has a positive 
effect on the state and functioning of the microbiome. An increase in carbon dioxide 
emission in the studied soil samples of soybean agrocenosis was noted by 2 times, the 
content of microbial biomass by 1.6-3.3 times. In addition, an increase in the cellulose-
destructive activity of the soil was observed by an average of 1.4 times compared to the 
control. The use of biodestructors with various active microorganisms is not only an 
economically feasible measure for the conversion of post-harvest residues in 
agroecosystems, but also environmentally safe and agro-technologically necessary for 
the soil-forming process and increasing the yield and quality of the subsequent crop. 
Keywords : microbial biomass, carbon dioxide emission, biodegraders, straw, post-harvest 
residues biological products 
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ISOLATION AND GROWTH KINETICS OF MICROALGAE FROM 
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-ÉÃÒÏÁÌÇÁÅ ÁÒÅ ÃÁÐÔÕÒÉÎÇ ÇÌÏÂÁÌ ÁÔÔÅÎÔÉÏÎ ÆÏÒ ÔÈÅÉÒ ÒÅÍÁÒËÁÂÌÅ ÖÅÒÓÁÔÉÌÉÔÙȟ ÅÓÐÅÃÉÁÌÌÙ ÉÎ ÔÈÅ ǢÇÈÔ 
ÁÇÁÉÎÓÔ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÔÈÁÎËÓ ÔÏ ÔÈÅÉÒ ÎÁÔÕÒÁÌ ÁÂÉÌÉÔÙ ÔÏ ÁÂÓÏÒÂ #/ϼ ÁÓ ÔÈÅÙ ÇÒÏ×Ȣ 4ÈÉÓ ÐÏÔÅÎÔÉÁÌ 
ÈÁÓ ÉÎÓÐÉÒÅÄ ÒÅÓÅÁÒÃÈÅÒÓ ÔÏ ÅØÐÌÏÒÅ ÎÅ× ÓÐÅÃÉÅÓ ÁÎÄ ÕÎÄÅÒÓÔÁÎÄ ÈÏ× ÔÈÅÙ ÔÈÒÉÖÅȢ )Î ÏÕÒ ÓÔÕÄÙȟ ×Å 
ÖÅÎÔÕÒÅÄ ÉÎÔÏ ÔÈÅ ÆÒÅÓÈ×ÁÔÅÒ ÅÃÏÓÙÓÔÅÍÓ ÏÆ -ÏÒÏÃÃÏȭÓ &ÅÚȤ-ÅËÎÅÓ ÒÅÇÉÏÎȟ ÆÏÃÕÓÉÎÇ ÏÎ :ÁÒÒÏÕËÁ 
,ÁËÅȟ ÔÏ ÄÉÓÃÏÖÅÒ ÁÎÄ ÃÈÁÒÁÃÔÅÒÉÚÅ ÍÉÃÒÏÁÌÇÁÅȢ 5ÓÉÎÇ ÂÏÔÈ ÔÒÁÄÉÔÉÏÎÁÌ ÌÁÂ ÔÅÃÈÎÉÑÕÅÓ ÁÎÄ Á ÃÕÓÔÏÍ 
α$ȤÐÒÉÎÔÅÄ ÍÕÌÔÉȤ×ÅÌÌ ÄÅÖÉÃÅȟ ×Å ÓÕÃÃÅÓÓÆÕÌÌÙ ÉÓÏÌÁÔÅÄ δε ÏÕÔ ÏÆ ίήή ÉÄÅÎÔÉǢÅÄ ÓÐÅÃÉÅÓ ×ÉÔÈ ÔÈÅ ÎÅ× 
ÄÅÖÉÃÅ ÐÒÏÖÉÎÇ ÅÓÐÅÃÉÁÌÌÙ ÅǟÅÃÔÉÖÅȟ ÃÁÐÔÕÒÉÎÇ βή ÓÔÒÁÉÎÓ ÔÈÁÔ ÍÉÇÈÔ ÈÁÖÅ ÂÅÅÎ ÍÉÓÓÅÄ ÏÔÈÅÒ×ÉÓÅȢ 7Å 
ÔÈÅÎ ÔÏÏË Á ÃÌÏÓÅÒ ÌÏÏË ÁÔ ÔÈÒÅÅ ÐÒÏÍÉÓÉÎÇ ÓÔÒÁÉÎÓ -ÏÎÏÒÁÐÈÉÄÉÕÍ ÓÐȢȟ !ÎËÉÓÔÒÏÄÅÓÍÕÓ ÓÐȢȟ ÁÎÄ 
#ÈÌÁÍÙÄÏÍÏÎÁÓ ÓÐȢ ÔÏ ÓÅÅ ÈÏ× ÔÈÅÙ ÐÅÒÆÏÒÍ ÕÎÄÅÒ ÃÏÎÔÒÏÌÌÅÄ ÃÏÎÄÉÔÉÏÎÓȢ -ÏÎÏÒÁÐÈÉÄÉÕÍ ÓÐȢ 
ÅÍÅÒÇÅÄ ÁÓ Á ÓÔÁÎÄÏÕÔȟ ÐÒÏÄÕÃÉÎÇ ÒÏÂÕÓÔ ÂÉÏÍÁÓÓ ÙÉÅÌÄÓ ɉαȢβ ÇȾ,ȟ ίήМίήϱ ÃÅÌÌÓȾÍ,Ɋȟ ×ÈÉÌÅ 
!ÎËÉÓÔÒÏÄÅÓÍÕÓ ÓÐȢ ÇÒÅ× ÁÔ Á ÓÌÏ×ÅÒ ÐÁÃÅ ɉίȢζ ÇȾ,ȟ αМίήϱ ÃÅÌÌÓȾÍ,ɊȢ 4ÈÅÓÅ ÄÉǟÅÒÅÎÃÅÓ ÒÅÍÉÎÄ ÕÓ 
ÔÈÁÔ ÃÈÏÏÓÉÎÇ ÔÈÅ ÒÉÇÈÔ ÍÉÃÒÏÁÌÇÁ ÉÓ ËÅÙ ÆÏÒ ÁÐÐÌÉÃÁÔÉÏÎÓ ÌÉËÅ ÂÉÏÆÕÅÌ ÐÒÏÄÕÃÔÉÏÎ ÏÒ ÃÌÅÁÎÉÎÇ 
×ÁÓÔÅ×ÁÔÅÒȢ 3ÐÅÁËÉÎÇ ÏÆ ×ÈÉÃÈȟ ÇÒÏ×ÉÎÇ ÔÈÅÓÅ ÔÉÎÙ ÐÏ×ÅÒÈÏÕÓÅÓ ÉÎ ×ÁÓÔÅ×ÁÔÅÒ ÉÓÎȭÔ ÊÕÓÔ ÐÒÁÃÔÉÃÁÌȟ 
ÉÔȭÓ Á ×ÉÎ ÆÏÒ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙȟ ÔÕÒÎÉÎÇ ÐÏÌÌÕÔÁÎÔÓ ÉÎÔÏ ÖÁÌÕÁÂÌÅ ÂÉÏÍÁÓÓ ÁÎÄ ÃÌÏÓÉÎÇ ÔÈÅ ÌÏÏÐ ÉÎ Á ÔÒÕÅ 
ÃÉÒÃÕÌÁÒ ÅÃÏÎÏÍÙȢ 
 
Keywords:  -ÉÃÒÏÁÌÇÁÅ ɇ ÉÓÏÌÁÔÉÏÎ ɇ ÍÕÌÔÉ-×ÅÌÌ ÄÅÖÉÃÅ ɇ ÆÒÅÓÈ×ÁÔÅÒ ɇ 'ÒÏ×ÔÈ ËÉÎÅÔÉÃÓ 
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My passionate interest is particularly focused on microalgae biotechnology, with an emphasis on 
the field of phycoremediation. I am determined to explore the innovative solutions that microalgae 
offer to solve contemporary environmental challenges, particularly in the field of depollution and 
restoration of aquatic ecosystems. 
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C2 
METAL POLLUTION AND ENVIRONMENTAL 
DEGRADATION IN THE AZZABA REGION, ALGERIA  
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The Azzaba region, located in northeastern Algeria, serves as a striking example of metal 
pollution caused by mining activities. This environmental issue stems from the open-pit 
extraction and processing of cinnabar at the Ismail unit, which was operational until 2005 when 
operations ceased due to technical challenges and growing environmental concerns. 
Unfortunately, no significant efforts have been undertaken to clean up or rehabilitate the area 
since then. Mercury, released during the mining process, has dispersed widely, leading to 
extensive contamination. Recognized as one of the most toxic elements, mercury accumulates 
in the food chain, posing serious ecological and health risks. 
To investigate the ongoing impact of this pollution, diffraction analyses (DRX) were conducted 
on samples collected from the Oued Fendek riverbed and surrounding areas in Azzaba. The aim 
was to detect, confirm, and document the persistence of contamination even after mining 
activities ended. The findings reveal not only the continued presence of mercury as a major 
pollutant but also its combination with other harmful metallic trace elements. These results 
underscore the urgent need for remediation efforts to address the lingering environmental 
hazards in the region. 
 
Keywords : Mercury, Pollution, Oued Fendek, Azzaba, Ore 
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C3 

MICROBIAL LOAD IN CARP MUSCLE AND AMBIENT 
MEDIA OF EAST KOLKATA WETLANDS; AN EMERGING 
THREAT TO PUBLIC HEALTH  
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A two-year study conducted during 2023 and 2024 in the East Kolkata Wetlandsɂa Ramsar site 
renowned for its ecological wastewater recyclingɂrevealed significant faecal coliform 
contamination in carp (Labeo rohita) muscle, pond water, and sediment. The microbial load in 
ÆÉÓÈ ÍÕÓÃÌÅ ÒÁÎÇÅÄ ÂÅÔ×ÅÅÎ ίȢζδ М ίήϯ ɉÄÕÒÉÎÇ ÐÒÅÍÏÎÓÏÏÎ ΰήΰαɊ ÁÎÄ ΰȢΰί М ίήϯ -0.Ⱦίήή ÇÍ 
(during monsoon 2024). Similarly, pond water samples exhibited faecal coliform levels between 
ίȢίή М ίήϮ ɉÄÕÒÉÎÇ ÐÒÅÍÏÎÓÏÏÎ ΰήΰαɊ ÁÎÄ ίȢγΰ М ίήϮ -0.Ⱦίήή ÍÌ ɉÄÕÒÉÎÇ ÍÏÎÓÏÏÎ ΰήΰβɊȟ ×ÈÉÌÅ 
ÓÅÄÉÍÅÎÔ ÓÁÍÐÌÅÓ ÓÈÏ×ÅÄ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÒÁÎÇÉÎÇ ÆÒÏÍ ίȢίδ М ίήϮ ɉÄÕÒÉÎÇ ÐÒÅÍÏÎÓÏÏÎ ΰήΰαɊ ÔÏ 
ίȢεή М ίήϮ -0.ȾÇÍ ɉÄÕÒÉÎÇ ÍÏÎÓÏÏÎ ΰήΰβɊȢ 4ÈÅ ÓÅÄÉÍÅÎÔȭÓ ÒÏÌÅ ÁÓ Á ÍÉÃÒÏÂÉÁÌ ÒÅÓÅÒÖÏÉÒ ÆÕÒÔher 
aggravates the overall bacterial load in the aquatic environment. These findings collectively 
suggest a systemic and persistent microbial burden within the wetland ecosystem, particularly 
exacerbated during the monsoon period. If fish harvested from these wetlands are consumed 
without proper cooking, or if untreated water is used for domestic purposes, it may lead to 
gastrointestinal infections such as diarrhoea, dysentery, and more serious systemic illnesses in 
humans. The steady rise in faecal coliforÍ ÌÅÖÅÌÓ ÐÏÉÎÔÓ ÔÏ×ÁÒÄ Á ÇÒÁÄÕÁÌ ÄÅÃÌÉÎÅ ÉÎ ÔÈÅ ×ÅÔÌÁÎÄȭÓ 
natural bioremediation capacity. Immediate measures, including regular microbial surveillance, 
improved wastewater management, and community-level awareness campaigns, are essential 
to mitigate potential public health risks in the near future. 
 
Keywords : East Kolkata Wetlands, Microbial Load, Pond Water, Pond Sediment, Labeo rohita 
muscle 
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on the selective action of natural compounds against liver cancer cells. 

Rahul has been actively involved in several field research programmes 
across ecologically critical areas like the Sundarbans National Park and 
Manas National Park, where he studied avian, mammalian, and marine 
diversity using modern ecological techniques such as pitfall analysis, 
quadrate sampling, and LAI estimation. His expertise also extends to 
freshwater aquaculture practices and environmental auditing of 
biodiversity hotspots like Chilkigarh. Rahul has presented his findings at 
international seminars and is proficient in biostatistical analysis using 
QuickCalcs software. An avid debater and wildlife photographer, he 
blends scientific rigor with creative outreach to promote biodiversity 
conservation. His domain of expertise includes wildlife ecology, aquatic 

biodiversity, cancer biology research, and environmental monitoring. 
 
 
  



 

 Page 145 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

C4 

CROSS-BORDER CONSERVATION OF SMALL FELIDS 
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Many smaller, highly threatened, and elusive wild felids are often overlooked compared to their 
larger counterparts due to their small body size and secretive nature. The European wildcat 
(Felis silvestrisɊ ÁÎÄ 0ÁÌÌÁÓȭÓ ÃÁÔ ɉOtocolobus manul) are examples of species which are severely 
hindered by a lack of detailed ecological knowledge. We conducted a broad literature survey 
sourced from Web of Science, Scopus, and Google Scholar, assessed in January 2025, covering 
all available years. We gathered peer-reviewed papers that addressed threats and factors 
threatening small felids.  
4ÈÒÏÕÇÈ ÏÕÒ ÌÉÔÅÒÁÔÕÒÅ ÓÅÁÒÃÈȟ ×Å ÃÏÌÌÅÃÔÅÄ ΰί ÐÕÂÌÉÃÁÔÉÏÎÓ ÍÅÎÔÉÏÎÉÎÇ βη ÔÈÒÅÁÔÓ ÔÏ 0ÁÌÌÁÓȭÓ 
cats, while 88 studies identified 93 threats to wildcats. We analyzed the frequency of reported 
ÔÈÒÅÁÔÓȟ ×ÈÉÃÈ ×ÅÒÅ ÒÁÎËÅÄ ÉÎÔÏ ÔÈÒÅÅ ÃÌÁÓÓÅÓȡ ȬÓÅÒÉÏÕÓȟȭ ȬÍÅÄÉÕÍȟȭ ÁÎÄ ȬÍÉÎÏÒȢȭ 7Å ÉÄÅÎÔÉÆÉÅÄ ίΰ 
ÔÈÒÅÁÔ ÃÁÔÅÇÏÒÉÅÓ ÆÏÒ 0ÁÌÌÁÓȭÓ ÃÁÔÓ ÁÎÄ ία ÆÏÒ ×ÉÌÄÃÁÔÓȢ -ÏÓÔ ÓÔÕÄÉÅÓ ÏÎ 0ÁÌÌÁÓȭÓ ÃÁÔÓ ×ÅÒÅ ÆÒÏÍ 
Mongolia (n = 7) and Iran (n = 6) in Asia. Research on wildcats was primarily from Western 
European countries, such as Germany (n = 17) and Scotland (n = 14). The highest-ÒÁÎËÅÄ ȬÓÅÒÉÏÕÓȭ 
ÔÈÒÅÁÔÓ ÔÏ 0ÁÌÌÁÓȭÓ ÃÁÔÓ ×ÅÒÅ ÐÒÅÄÁÔÉÏÎ ÂÙ ÈÅÒÄÉÎÇ ÄÏÇÓȟ ÌÉÖÅÓÔÏÃË ÐÒÅÓÓÕÒÅȟ ÁÎÄ ÓÅÃÏÎÄÁÒÙ 
poisoning, while hybridization and disease posed significant threats to wildcats. For both wild 
felids, ÒÏÁÄËÉÌÌ ×ÁÓ ÃÏÎÓÉÄÅÒÅÄ Á ȬÍÅÄÉÕÍȭ ÒÁÎËÅÄ ÔÈÒÅÁÔȢ /ÔÈÅÒ ÔÈÒÅÁÔÓȟ ÓÕÃÈ ÁÓ ÔÒÁÐÓȟ ÓÎÁÒÅÓȟ 
and population decline, were less significant for the smaller felids. Our results highlight the need 
for targeted strategies to mitigate these threats in cross-border conservation efforts to prevent 
ÔÈÅ ÕÎÐÒÅÃÅÄÅÎÔÅÄ ÌÏÓÓ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÍÁÊÅÓÔÉÃ ÐÒÅÄÁÔÏÒÓȢ 
 
Keywordsȡ %ÕÒÏÐÅÁÎ ×ÉÌÄÃÁÔȟ 0ÁÌÌÁÓȭÓ ÃÁÔȟ ÔÈÒÅÁÔÓȟ ÃÏÎÓÅÒÖÁÔÉÏÎȟ (ÕÎÇÁÒÙȟ -ÏÎÇÏÌÉÁ 
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ENHANCING URBAN GREEN INFRASTRUCTURE 
THROUGH ECOSYSTEM SERVICES POTENTIAL INDEX 
(ESPI) INTEGRATION FOR SCENARIO-BASED LAND 
TREND INDEX ASSESSMENT IN KUALA LUMPUR: A 
SATELLITE ANALYSIS 
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The rapid development of Kuala Lumpur, Malaysia, has brought about significant changes in 
the city's urban landscape. Despite efforts to promote sustainability and green infrastructure, 
the importance of urban environmental resources and their impact on the well-being of city 
residents has been largely overlooked. This article aims to emphasize the necessity of 
recognizing and prioritizing the urban environmental values of Kuala Lumpur to improve its 
livability and resilience amidst ongoing urbanization. In this study, satellite data analysis 
methods were used to calculate the Normalized Difference Vegetation Index (NDVI) and the 
Ecosystem Services Potential Index (ESPI) for Kuala Lumpur. The NDVI and ESPI values were 
computed for each month from 2000 to 2018 using MODIS data. ESPI, derived from NDVI, was 
utilized to assess the stability and productivity of the city's ecology. The classification of the 
NDVI changes indicated strong positive (0.3434), medium positive (0.0645), light positive 
(0.0613), no significant change (0.0086), light negative (-0.024), medium negative (-0.1661), and 
strong negative (-0.2966). The analysis revealed that Kuala Lumpur is adversely affecting the 
quality of its urban ecosystem. Five scenario-based maps were created to pinpoint the areas most 
at risk of environmental degradation based on the Land Trend Index, with the eastern part of 
Kuala Lumpur identified as one of the most urbanized and vulnerable areas. 
 
Keywords:  Rapid urbanization, urban green infrastructure, ecosystem services Land use, 
satellite data, Ecosystem Stability and Productivity Index 
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CONTRIBUTION TO THE ASSESSMENT OF 
PHYSICOCHEMICAL AND MICROBIOLOGICAL 
POLLUTION LEVELS IN THE WATERS OF THE 
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ALGERIA 
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This study evaluates the physicochemical and microbiological properties of surface and 
groundwater in the Bouhamdane watershed, a critical water resource for domestic, agricultural, 
and industrial use in northeastern Algeria. Twenty water samples were collected from streams, 
boreholes, and springs, and analyzed for 19 physicochemical parameters alongside 
microbiological indicators (Total Coliforms, Fecal Coliforms, Fecal Streptococci, and Sulfite-
reducing Clostridia). 
Physicochemical characteristics:  pH (6.48ɀ8.11), electrical conductivity (348ɀΰίγή ʏ3ȾÃÍɊȟ 
and nitrate concentrations (6.16ɀ65.2 mg/L). Elevated fluoride levels were detected in the 
northeastern sector (sites S1, S2, S8), while surface waters showed higher phosphate 
concentrations (up to 6.45 mg/L). 
Hydrochemical facies:  Piper diagram classification identified dominant Cl-Na-+ ÁÎÄ (#/Ͻ-
Na-K water types, with thermodynamic modeling confirming water-rock interactions as the 
primary driver of groundwater chemistry. 
Microbiological contamination: Thirty -five samples exhibited contamination, highlighting 
potential public health risks for local communities.To safeguard water resources in the 
Bouhamdane basin, continuous monitoring and targeted interventions are urgently needed to 
mitigate pollution and ensure sustainable water management. 
 
Keywords : Bouhamdane, Algeria, Sub-Basin, Hydrochemistry, microbiology, Pollution, surface 
water, Groundwater. 
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CLIMATE ADAPTATION IN URBAN ENVIRONMENTS: 
PRACTICAL EXAMPLES AND LESSONS LEARNED 
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Urban areas are at the forefront of climate change impacts, facing rising temperatures, more 
frequent extreme weather events, and growing pressure on infrastructure and public health 
systems. As most of the global population resides in cities, the need for effective, evidence-based 
climate adaptation strategies is more urgent than ever. This study compares climate adaptation 
strategies in five Central and Eastern European cities: Vienna, Bratislava, Budapest, Ljubljana, 
and Zagreb, to identify effective and scalable approaches that enhance urban resilience. 
The research applies a comparative case study approach, analyzing initiatives through an 
analytical framework based on four key criteria: effectiveness, scalability, economic feasibility, 
and stakeholder involvement. Examples include green infrastructure interventions, urban water 
management systems, heatwave mitigation strategies, and integrated air quality solutions. The 
ÓÅÌÅÃÔÅÄ ÃÉÔÉÅÓ ÄÅÍÏÎÓÔÒÁÔÅ ÄÉÖÅÒÓÅ ÐÌÁÎÎÉÎÇ ÓÔÒÁÔÅÇÉÅÓȟ ÆÒÏÍ 6ÉÅÎÎÁȭÓ ÌÅÇÁÌ ÉÎÔÅÇÒÁÔÉÏÎ ÏÆ ÇÒÅÅÎ 
roofs and cooling systems to BratislavÁȭÓ ÆÌÏÏÄÐÌÁÉÎ ÒÅÓÔÏÒÁÔÉÏÎ ÅÆÆÏÒÔÓ ÓÕÐÐÏÒÔÅÄ ÂÙ %5 ÆÕÎÄÉÎÇȢ 
Budapest focuses on pilot-scale greening and integrated transport planning, while Ljubljana 
emphasizes strong public engagement in citywide green infrastructure development. Zagreb 
highlights nature-based solutions such as bioswales and retention basins. 
Findings reveal that adaptive strategies grounded in local needs and supported by cross-sector 
collaboration are more likely to deliver long-term sustainability outcomes. The presentation 
concludes with a set of transferable lessons and policy recommendations aimed at urban 
decision-makers, emphasizing the role of participatory planning, inclusive governance, and 
practical innovation in fostering resilient cities. 
 
Keywords : urban adaptation, climate resilience, best practices, green infrastructure,  policy 
planning, sustainability 
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POLLUTION OF RECEIVING ENVIRONMENTS BY 
DISCHARGES FROM OIL REFINING 
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The city of Skikda remains one of the most illustrative examples of hydrocarbon pollution in the 
country. It is considered a major petrochemical hub, closely linked to the processing of 
hydrocarbons used in various areas of daily life. This city includes several polluting units. 
This study focuses on the refining unit in the city of Skikda, considered the most significant 
source of pollution, mainly due to atmospheric discharges and burnt gas emissions, but also due 
to wastewater discharges from the site that eventually reach the sea. 
To assess the impact of this refinery on the environment, samples were taken from treated 
ÄÉÓÃÈÁÒÇÅÓ ÁÔ ÔÈÅ ÒÅÆÉÎÅÒÙȭÓ ÉÎÔÅÒÎÁÌ ×ÁÔÅÒ ÔÒÅÁÔÍÅÎÔ ÓÔÁÔÉÏÎȟ ÁÓ ×ÅÌÌ ÁÓ ÆÒÏÍ ÎÁÔÕÒÁÌ 
environments both inside and outside the refinery (Oued Marhoum and Oued Saf-Saf).  
4ÈÉÓ ÌÅÄ ÔÏ ÔÈÅ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÐÏÌÌÕÔÉÏÎ ÉÎÄÉÃÁÔÏÒ ÐÁÒÁÍÅÔÅÒÓ ÉÎ ÔÈÅ ÒÅÆÉÎÅÒÙȭÓ ÌÉÑÕÉÄ ÄÉÓÃÈÁÒÇÅÓ 
and in the receiving environmentsɂOued Marhoum and Oued Saf-Saf. 
A comparison of the various results obtained with current regulatory requirements was then 
carried out. 
The analysis of the refinery effluents after treatment showed that the calculated values do not 
exceed the standards, except for the chemical element Cl-, which showed a high concentration, 
as well as conductivity. 
The results obtained in the receiving environments revealed an absence of hydrocarbons with 
low levels of pollution indicator parameters upstream of Oued Saf-Saf and Oued Marhoum, but 
their presence downstream. A high concentration of certain parameters such as MES ( TSS) 
(Total Suspended Solids) , DBO5 (Biochemical Oxygen Demand 5), and DCO (Chemical Oxygen 
Demand ) was noted. The concentration of pollutants in the downstream section of Oued Saf-
Saf decreases as one moves away from the mouths of Oued Marhoum and Oued Zramna. 
Analyses conducted for the characterization of wastewater revealed discontinuous pollution, 
which could be harmful to the aquatic receiving environments (river, sea) and ecosystems. This 
pollution is located downstream in the receiving environments and is mainly characterized by 
the presence of hydrocarbons resulting from refining activities. 
 
Keywords : refinery, impact, environment, pollution, wastewater, hydrocarbon 
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TREATMENT WETLANDS FOR REMEDIATION OF 
FOREVER CHEMICALS: A NATURE-BASED APPROACH 
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According to the World Health Organization (WHO), 4.2 billion people lack access to safely 
managed sanitation, and 2.2 billionɂone in three of the world's populationɂlack access to 
safely managed drinking water, exacerbating the global burden of disease. Per- and 
polyfluoroalkyl substances (PFAS), often known as forever chemicals, constitute a group of more 
than 4730 man-made chemicals where hydrogen atoms have been partially or fully substituted 
by fluorine. The widespread application of PFAS in industrial and consumer products makes 
them detectable in surface water (0-3048 ng/L), groundwater (0-5560 ng/L), and wastewater 
treatment plants (7000 mg/L), as well as in food and tap drinking water. The UK Environmental 
Agency has also identified more than 10,000 "high-risk sites" as hotspots of PFAS contamination, 
and the Drinking Water Inspectorate has set a standard enforcement limit of 100 ng/L for the 
sum of 48 PFAS. PFAS causes various public health risks such as cancer, infertility, organ 
damage, etc. Conventional water purification technologies (i.e., coagulation, sedimentation, 
flocculation) are not effective to remove PFAS. This study aims to investigate the performance 
of treatment wetlands as a nature-based solution (NBS) for the removal of PFAS 'forever 
chemicals,' with the goal of meeting stringent drinking water treatment standards and 
addressing associated environmental and public health concerns. 
 
Keywords : Drinking water purification, Per- and poly-fluoroalkyl substances (PFAS), Forever 
chemicals, Nature-Based Solutions 
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Hydrogen sulfide (H2S) is an environmentally existing chemical compound generated either 
endogenously in living organisms or exogenously, and serves as a Gaseous Signaling Molecule 
(GSM). Like the three existing GSMs, H2S has widely surveyed effects on living organisms' 
physiology. However, it can exist environmentally as a toxicant at high concentrations, which, 
when encountered by aquatic life such as fish, can be acute or chronic and cause 
bioaccumulation. This is habitually linked to hefty mortality rates in their natural environments 
or during aquaculture prouction . 
We therefore review the interaction of H2S with aquatic life to allow chemical and biological co-
existence. We particularly survey the relevance and impact of H2S from the various exogenous 
H2S donors in the modulation of the life of aquatic organisms at toxicological and tolerant 
concentrations by regulating cellular and molecular processes, among other physiological 
processes in fish. We further delve into the sensitivity of these aquatic organisms to the 
ecological changes due to the accumulation of H2S from their donors, and the naturally or 
physically employed modes to achieve the tolerance of fish in H2S-endowed environments. 
 
Keywords : Hydrogen sulfide; Gaseous Signaling Molecules; Toxicity; Tolerance; Fish. 
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Water quality degradation in river ecosystems is an escalating global challenge, driven by the 
dual pressures of anthropogenic activities and climate change. The Kashafroud River, a vital 
water source in northeastern Iran, faces unprecedented environmental stress due to rising 
temperatures, erratic precipitation patterns, agricultural runoff, industrial pollution, and rapid 
urbanization. This study provides a comprehensive evaluation of long-term water quality trends, 
focusing on key parameters such as electrical conductivity (EC), biological oxygen demand 
(BOD), and chemical oxygen demand (COD). Through advanced statistical analysis and 
geospatial mapping, we identify critical correlations between climate variability and pollution 
levels, highlighting the urgent need for integrated mitigation strategies. The findings emphasize 
the necessity for proactive policy interventions and sustainable resource management to 
preserve the ecological integrity of the Kashafroud River and ensure water security for future 
generations. The implications of this research extend beyond local conservation efforts, offering 
insights into the broader global challenges of river ecosystem management in the context of 
climate change. 
 
Keywords:  Water quality, Kashafroud River, climate change, BOD, COD, EC 
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The study focuses on main features of Lower Mississippi River Valley accompanying with some 
economic and ecological conditions. The study overviews these economic and ecological conditions 
for the period of 2010 and 2021. From point of view the study analyses annual freshwater resources, 
nitrous oxide emissions from different sectors, as agriculture, power industry energy, transport 
energy, foreign direct investment, forest areas, high-technology export in manufactured exports, 
imports of goods and services in percent of GDP, industry including construction in value added in 
percent of GDP, inflation, merchandise trade in percent of GDP, population density and urban 
population growth. The study analyses correlations of different economic and ecological variables 
based on statistical package for social sciences. The research analyses correlations of annual 
freshwater withdrawals, which are declared as very strong valued by -82.8% with nitrous oxide 
emissions from power industry energy, by 89.8% with forest area in km2, by -80.8% with industry 
including construction in value added in GDP and by 80.1% with population density as people per 
km2 of land area. The high-technology export can globally provide more increasing competitiveness 
for the US economy. The wide-side national cooperation should be increasing to develop more 
favourable conditions of Lower-Mississippi River ɀ even with Upper Mississippi River ɀ for interest 
of the American society. 
 
Keywords: Annual freshwater resources, Competitiveness, Correlations, High-technology export  

   Imports of goods, Nitrous oxide emissions 
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Study analyses correlations among main economic and ecological variables of the United States 
of America for researched period of 2010-2021. Correlations of different variables connects with 
conditions of Upper Mississippi River Valley. Study within correlations of economic and 
ecological conditions focuses on agricultural gross value added produced by irrigated 
agriculture, growing rate of GDP with annual growth and per capita, gross fixed capital 
formation in share of GDP and its annual growing rate, value added of total manufacturing in 
share of GDP with annual growing rate. Study emphasizes CO2 emissions in economic sectors, 
as on-farm energy use, agrifood systems waste disposal, food processing, food household 
consumption, energy. Study uses Statistical Program for Social Sciences, which provides 
possibilities to analyse correlations among different economic and ecological conditions of US 
concerning issues of Mississippi River. In 2021 annual GDP growth, value-added total 
manufacturing and gross fixed capital formation increased by more than 5%, and CO2 emissions 
less decreased by 5% in food processing and by 12% in energy CO2 emissions. Emissions CO2 of 
food household consumption decreased by 19% and emissions CO2 of on-farm energy use 
decreased 16% comparable to last years. More increase of economic growth connects with less 
CO2 emissions for researched period. Contradictive correlations between increasing economic 
growth and decreasing CO2 gas emissions have been little more than for one decade. In order to 
realise successful economic development trends, there is an important for increasing the green 
innovative investment for increasing benefit for society and natural background as base of our 
survival life.  
 
Keywords : Agricultural value added, Correlations, Food consumption, Gas emissions, Household, 
Variables 
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This study aims to evaluate the environmental and public health benefits provided by urban 
forests along the Kashafroud River in Mashhad, Iran, focusing on their role in ecosystem services 
and urban sustainability. A combination of environmental monitoring, water quality analysis, 
and soil health assessments was used to investigate the contributions of urban forests to 
ecological balance and public health. Findings revealed that urban forests along the Kashafroud 
River act as natural biofilters, purifying water by absorbing pollutants and controlling storm 
water runoff, which reduces waterborne diseases. The forests improve soil quality by preventing 
erosion, enhancing fertility, and mitigating desertification risks. Furthermore, the vegetation 
improves air quality by absorbing pollutants like PM2.5 and CO2, while cooling the environment 
to counter the urban heat island effect.   
The integration of urban forests into Mashhad's urban planning enhances both environmental 
and public health. These green infrastructures promote cleaner air and water, improve soil 
stability, mitigate climate change impacts, and provide recreational spaces that enhance mental 
and physical well-being. This case study underscores the critical need for sustainable urban 
development through green infrastructure. 
 
Keywords:  Urban forests, water purification, soil health, air quality, public health, ecosystem 
services 
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The use of synthetic fertilizers in agricultural production has harmful impacts on ecosystems. 
Therefore, there is an emergent demand for the application of natural and sustainable practices to 
save the environment. Plant-growth-promoting fungi (PGPF) promote the growth of crops, and are 
considered biocontrol agents against phytopathogens; in addition, they can enhance soil health, 
improve nutrient uptake by plants, and reduce the impact of plant diseases, thereby contributing 
to sustainable agricultural practices. In the present investigation, 37 fungal species were isolated 
from the rhizosphere and rhizoplane of maize or corn (Zea mays ) and faba bean (Vicia faba) from 
AlRaswa ferry, glaucous glasswort (Arthrocaulon macrostachum) and Slenderleaf ice plant 
(Mesembryanthemum nodiflorum) were collected from el-gamaal area of Port Said governorate. 
The most observed effects on A. thaliana are a significant improvement in root length development 
and the number of leaves due to multiple mechanisms, e.g., the fungal phytohormone, such as 
indole acetic acid production (IAA), volatile organic compounds (VOCs), siderophore production, 
and phosphate solubilization. They can be used as a natural biological plant growth inducer 
whether individually applied or mixed with the other identified fungal species, which may act as a 
suitable substitute for harmful chemicals in the agricultural industry. The Penicillium oxalicum 
isolated from the rhizosphere regions of Zea mays in Port Said governorate could be a promising 
natural ly occurring plant-growth-promoting fungus. P. oxalicum significantly improved      the 
growth of Arabidopsis thaliana in vitro when they were co-cultivated without physical contact. It 
will be applied as a biological inducer. Aspergillus niger, Fusarium oxysporium, and Paecilomyces 
liliacinus also showed the highest production of previous traits. Thus, these PGPFs can be applied 
separately or mixed to be utilized as a biological fertilizer to increase growth and enhance yields 
in crops.   
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The rise of Environmental, Social, and Governance (ESG) reporting has become central to 
corporate transparency and sustainability. However, alongside its adoption, the phenomenon of 
greenwashing has raised concerns regarding the authenticity of ESG disclosures. Greenwashing 
refers to the practice of overstating or misrepresenting environmental efforts to enhance a 
ÃÏÍÐÁÎÙȭÓ ÉÍÁÇÅ ×ÉÔÈÏÕÔ ÍÅÁÎÉÎÇÆÕÌ ÉÍÐÁÃÔȢ 4ÈÉÓ ÁÒÔÉÃÌÅ ÅØÁÍÉÎÅÓ ÔÈÅ ÄÙÎÁÍÉÃÓ ÂÅÔ×ÅÅÎ %3' 
reporting and greenwashing, focusing on drivers such as regulatory pressures, stakeholder 
expectations, and industry competition. Drawing from recent research, we analyze how companies 
may selectively disclose favorable information, employ vague terminology, or emphasize minor 
environmental initiatives to gain reputational benefits. Case studies from different industries 
highlight common greenwashing tactics and underscore the role of sector-specific challenges. 
Technological tools like machine learning and blockchain offer promising solutions for enhancing 
transparency and accountability in ESG reporting, though implementation remains limited. 
Finally, we discuss regulatory responses, including stricter disclosure standards and independent 
verification requirements, which aim to address greenwashing. This paper contributes to the 
growing discourse on corporate sustainability by proposing actionable strategies to improve the 
reliability of ESG reports and by calling for increased stakeholder engagement and standardized 
metrics to mitigate the risks of greenwashing. 
 
Keywords : ESG reporting, Greenwashing, Corporate transparency, Sustainability, Environmental 
disclosure 
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The full-scale war in Ukraine has had a considerable impact on environmental security not only in 
Ukraine, but in the whole world in particular. The matter concerns damages caused to ecosystems 
of the Azov and the Black seas, damages to soils and therefore the decrease of sow soils, pollution 
of rivers and underground waters, as well as air. There were many cases of destroying natural 
parks, reserves, unique and so-called red-book-animals. At the same time there are many unique 
natural objects in the territory of Ukraine. Full-scale wars as well as armed conflicts have impact 
not only on immigration, economic, and security policies, but on environmental policy.  This 
situation demands taking appropriate measures one of which could be developing an international 
legal base on environmental crimes and paying damages caused to the environment.  
 
Keywords: environmental crimes, damages caused to the environment, conventional regulation, 
standard programs for particular environmental objects. 
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The study aimed to conduct monitoring research on integrated hydrochemical indicators of the 
Southern Buh River hydro-ecosystem, specifically in the Mykolaiv area, under the framework of an 
UN-supported programme. This research addresses the urgent necessity to assess the quality of 
surface waters that are crucial for regional water security. Water samples were collected and 
analyzed across four key observation points within Mykolaiv city. The hydrochemical analysis 
revealed a mixed status: while pH (ranging from7.5 to 7.9), phosphate, nitrite, and iron 
concentrations mostly adhered to established standards, several critical parameters showed 
**alarming and consistent exceedances of the Maximum Permissible Concentration (MPC). The most 
critical findings relate to high levels of alkalinity, calcium hardness, and total mineralization. 
Mineralization consistently exceeded the MPC of 1000 mg/dm3 throughout the observation period. 
The average values spatially increased towards the river mouth, escalating from 1882.63mg/dm3 at 
the furthest point to 2658.75 mg/dm3 near the estuary. Temporally, mineralization showed a 
decrease from autumn (November) to spring (April/May), a trend linked to seasonal hydrological 
changes and increased freshwater runoff. Furthermore, an anomalous spike in hardness was 
recorded in February, reaching up to 4200 mg/dm3. 
These results confirm that the monitored surface waters are in a state of hydrochemical 
deterioration, failing to meet quality standards for public or even technical water supply. The 
significant contamination by mineral salts highlights severe water resilience challenges in the 
region, underscoring the need for urgent and continuous monitoring to mitigate the combined 
impacts of natural estuarine processes and anthropogenic pressures. 
 
Keywords: Monitoring; Hydrochemical Status, Water Resilience, Mineralization, Hardness, 
Southern Buh.  
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The evolution of data capture methods and processing technologies has resulted in significant 
advances, including batch, online, and real-time processing. Modern IoT applications are based on 
device-to-device communication with minimum human interaction. This mandates the 
deployment of IPv6 to uniquely identify each node in a network an essential requirement that 
remains mostly unfulfilled. Despite their ubiquitous use, data capture technologies such as 
barcodes, RFID tags, and QR codes are passive, meaning they require external activation to 
function. Their applications, however, are still critical across industries because to their simplicity 
and cost-effectiveness. The transition in communication devices has transformed our daily 
activities, driven a digital revolution and defining a new lifestyle based upon smart phones and 
integrated systems. From a physics standpoint, electromagnetic waves play a critical role in 
wireless communication, while semiconductor physics supports the miniaturization of smart 
gadgets. Additionally, the principles of optics and radio frequency identification are critical in the 
operation of QR codes and RFID systems. In this paper, we will look at real-world applications of 
these technologies, including the influence of digital transformation through the lens of physics 
and its role in determining the future of communication and automation. 
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ENHANCED INHA BINDING AFFINITY OVER ISONIAZID: 
A COMPUTATIONAL APPROACH TO ANTI -
TUBERCULOSIS DRUG DISCOVERY 
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The persistent global health threat posed by Mycobacterium tuberculosis (Mtb), the causative 
agent of tuberculosis, is compounded by the alarming rise of drug-resistant strains, 
necessitating the urgent development of novel therapeutic strategies. This in silico investigation 
aimed to evaluate tea polyphenols' inhibitory potential against Mtb. A multi-faceted 
computational approach was employed, including target protein prediction, common target 
identification, protein-to-protein interaction, and molecular docking simulations. These 
simulations were conducted to precisely assess the binding affinity of tea polyphenols to the 
InhA protein, a critical determinant of Mtb survival and growth. The results revealed that EGCG 
exhibits significant potential as an inhibitor of several essential Mtb proteins, including enoyl-
ACP reductase, methylated-DNA-protein-cysteine methyltransferase, daunorubicin-dim ABC 
transporter permeases DrrB and DrrC, and multidrug resistance ABC transporter permeases. 
Notably, a network of interacting proteins was observed among those targeted by EGCG, 
suggesting potential synergistic effects. EGCG demonstrated a powerful affinity for the InhA 
protein and the multidrug transport system. Significantly, EGCG exhibited a higher binding  
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affinity to InhA than isoniazid, with binding energies of -7.6 kcal/mol and -5.3 kcal/mol, 
respectively. Molecular docking of other tea catechins with InhA yielded comparable results, 
further reinforcing the potential of these polyphenols as anti-tuberculosis agents. However, it is 
imperative to emphasize that these in silico findings must be validated through rigorous in vitro 
and in vivo studies to comprehensively explore their therapeutic potential and elucidate the 
precise mechanisms of action. 
 
Keywords:  antimicrobial resistance; drug discovery; epigallocatechin-3-gallate (EGCG); 
isoniazid; Mycobacterium tuberculosis 
 
Biography  

  

 

Anwar Rovik is a young researcher from Universitas Gadjah Mada. He holds a 
ÂÁÃÈÅÌÏÒȭÓ ÄÅÇÒÅÅ ÉÎ ÂÉÏÌÏÇÙ from Universitas Jenderal Soedirman, majoring in 
Microbiology, and a ÍÁÓÔÅÒȭÓ ÄÅÇÒÅÅ ÉÎ ÂÉÏÔÅÃÈÎÏÌÏÇÙ from Gadjah Mada 
University. His research interests include microbiology, virology, public health, 
and cancer chemoprevention. 
SCOPUS ID: 57209007763 
ORCID: 0000-0003-0972-5406 
Research Gate: https://www.researchgate.net/profile/Anwar -Rovik-2  

 
  

https://www.researchgate.net/profile/Anwar-Rovik-2


 

 Page 170 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

D3 

DESIGN OF NOVEL ANTI-CANCER DRUGS TARGETING 
TRKS INHIBITORS BASED 3D QSAR, MOLECULAR 
DOCKING AND MOLECULAR DYNAMICS SIMULATION  

 

%ÒȤÒÁÊÙ -ÏÈÁÍÍÅÄΫ 
 

LIMAS Laboratory Faculty of Sciences Dhar El Mahraz Sidi Mohamed Ben Abdellah 
University, Fez, Morocco, mohammed.errajy@usmba.ac.ma, +212658786041 

 
 
Tropomyosin receptor kinase (TRK) enzymes are responsible for various types of tumors 
resulting from fusion of the neurotrophic tyrosine kinase receptor gene, and have been identified 
as an effective target for anti-cancer therapy. The mechanism between the Polo-like kinase 
family of protein kinases and pyrazole inhibitors was investigated using 3D-QSAR modelling, 
molecular docking and molecular dynamics simulations, with the aim of designing highly active 
inhibitors The HQSAR, CoMFA and CoMSIA models demonstrated satisfactory reliability and 
predictability. They were successfully tested against all Golbraikh and Tropsha criteria, as well 
as those of Kunal Roy, confirming the reliability of the five established models. Analysis of the 
different contour maps of the various models provides crucial structural information for 
enhancing inhibitory activity. In addition, the interactions between the two selected compounds 
and the target protein were studied via molecular docking simulations, while molecular 
dynamics simulations show stability and provide details of ligand-receptor interactions. The 
results suggest that compound 31 may form a more stable complex with the protein (PDB CODE: 
5KVT). The results of the physicochemical and ADMET properties indicate that all four proposed 
molecules are orally bioavailable and do not exhibit toxicity in the Ames test. Consequently, 
these data provide modeling information that could effectively guide experimental investigators 
in the discovery of more effective type I TRK inhibitors. 
 
Keywords : TRK enzyme; QSAR; molecular docking; molecular dynamics; ADMET properties. 
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LATERAL HEAT EXCHANGES  
 
#ÈÅÒËÅÚ 2ÁÄÉÏÎ 
 

Yury Fedkovich Chernivtsi National University, Chernivtsi, Ukraine, 
 E-mail: radionch@ukr.net, telephone +380503746440 

 
 
The results are presented of the study promising of thermoelectric elements with lateral heat 
exchanges. Theoretical research was carried out for different variations of thermoelectric 
elements (planar, channel, porous and segmented) for operating in electric energy generating 
and cooling moods. By methods of the mathematical optimal control theory and computer 
simulation multifactor optimization problems were solved and design and thermophysical 
parameters defined that deliver maximum values to energy conversion characteristics.  
The analysis of computing results for permeable cooling thermopiles for thermoelectric Bi-Te-
Se-Sb-based materials has pointed to the possibility of the coefficient of performance 
improvement by 30-60% as compared to conventional thermoelectric cooling. In the mode of 
electric energy generation, the use of permeable thermoelements enables the obtaining of energy 
efficiency 1.3 to 1.6 times as big as that of conventional thermoelements.  
The specimens of the planar permeable thermopiles from Bi-Te-Se-Sb-based materials were 
obtained. Experimental data confirm the essentials of the theory and reveal the possibility of 
thermoelectricity wider practical application as biological, medical, renewable energy. 
 
Keywords : thermoelectricity, thermoelectric elements, parameters, coefficient of performance.   
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The transition to renewable energy has made the need for sustainable materials in wind turbine 
has become incresingly urgent. Natural fiber reinforced composites offer a sustainable 
alternative for wind turbine blades (WTBs), reducing environmental impact through 
biodegradability and lower carbon emissions. This review aims to (a) explore the use of natural 
based fibers such as flax, hemp, and bamboo in WTBs, (b) evaluate their mechanical properties 
and environmental benefits compared to conventional materials, and (c) discuss advancements 
in recycling blades. Key challenges include variability in performance and durability. A 
comparative framework is proposed based on biodegradability, strength, and recyclability. This 
review supports the development of high mechanical performance of WTBs composite for more 
sustainable wind energy. 
 
Keywords : sustainable, wind turbine blade, natural fiber 
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SOME "MICRO-METEOROLOGY" FEATURES OF A 
TRUNCATED PYRAMID SHAPED MSW LANDFILL HILL  
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A truncated pyramid-shaped artificial hill with a short grass cover was examined in terms of wind 
velocity, solar radiation measurement, and simulations. Results showed some special, favourable 
meteorological features. The wind velocity measured on an 18-meter-high pole at the top of a 55-
meter pyramid-shaped hill was 1.5 times greater than at the meteorological station at the hill 
bottom. This layout represents a 30% increase compared to the average for the reference station. 
OpenFOAM simulations also confirmed an increase in horizontal wind speed above the hill. 
Conventional wind turbines may produce 4 400 000kWh/y. The measured maximum irradiation 
was slightly larger facing South than facing West and was smaller in the East direction by about 
20 %. There was a 100- to 300-minute shift between the daily start of the solar irradiance curve in 
the South and West directions, which indicates the advantage of the landfill hill geometry, 
extending the electricity production time of solar panels. The solar system planned for 
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20 GWh (20000MWh). These suggest significant potential that could meet a significant part of 
Hungary's electrical energy needs. 
 
Keywords : truncated pyramid meteorology effect, solar radiation, wind velocity, renewable 
energy, measurement, OpenFoam simulation. 
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4ÈÉÓ ÓÔÕÄÙ ÁÓÓÅÓÓÅÓ ÔÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ ÈÅÁÖÙ ÍÅÔÁÌÓ ÉÎ ÓÅ×ÁÇÅ ÓÌÕÄÇÅ ÆÒÏÍ ÔÈÅ !āÎ 3ÆÉÈÁ 
×ÁÓÔÅ×ÁÔÅÒ ÔÒÅÁÔÍÅÎÔ ÐÌÁÎÔ ɉ3ïÔÉÆȟ !ÌÇÅÒÉÁɊ ÕÓÉÎÇ 8-ray fluorescence (XRF) spectrometry, a rapid 
and non-destructive analytical method. The results show that levels of cadmium, chromium, 
copper, mercury, nickel, lead, and zinc are below the stringent thresholds set by French 
environmental standards, which were adopted to evaluate safety for agricultural reuse. Zinc, 
though within regulatory limits, was identified as the limiting factor for land application, with a 
maximum allowable spreading rate of 115.69 tons per hectare over 10 years. Essential 
macronutrients (e.g., calcium, magnesium) reflect the domestic origin of the sludge, while the 
absence of mercury and cadmium supports its potential for safe reuse. However, the study 
highlights the need for continuous monitoring to prevent long-term metal accumulation, 
particularly zinc, ensuring sustainable agricultural practices. These findings provide valuable 
insights for eco-friendly sludge management in Algeria, balancing agronomic benefits with 
minimized environmental risks. 
 
Keywords : Heavy metals, Sewage sludge, X-ray fluorescence (XRF), Wastewater treatment, 
Agricultural reuse, Environmental safety, Pollution monitoring 
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Our collaborative project between educational institutions in Hungary and Finland, with a focus 
on collecting and implementing best practices in sustainability education highlighted the 
application of Phenomenon-Based Learning (PhBL) as best practice for sustainability education in 
schools. 
Several school-level initiatives were presented, illustrating how students from various grade levels 
(1-6) actively engaged in sustainability-focused activities. These included exploring the 
environmental impact of fast fashion, minimizing food waste, practicing recycling, and engaging 
with local organizations such as flea markets and waste management centers. The active learning 
style strengthened several skills and knowledge, such as problem-solving, critical thinking, team 
working skills, as well as responsible decision-making and active citizenship attitude. 
A key component of the project was stakeholder involvement. The project results underscored the 
importance of engaging parents, local businesses, and NGOs to reinforce the educational goals 
and ensure long-term community impact. In doing so, students not only learned about 
sustainability but also developed communication and collaboration skills. 
The project provided valuable insights into how international collaboration and stakeholder 
involvement can effectively enhance sustainability education in schools. It demonstrated the 
potential of experiential, student-centered learning to inspire meaningful change both within and 
beyond the classroom. 
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ɛÏÓÁÍÁÈȢÁÌȤÓÁÒÅÊÉΐÕÎÓ×ÁÌÕÍÎÉȢÃÏÍ 
 
 
The increasing presence of toxic polycyclic aromatic hydrocarbons (PAHs) and pharmaceutical 
active compounds (PhACs) in soil and wastewater poses significant environmental and health risks. 
Traditional remediation techniques are often energy-intensive, costly, and inefficient in addressing 
these emerging contaminants. This research proposes a sustainable and cost-effective solution by 
developing porous activated carbon from agricultural residues using bicarbonate-assisted pyrolysis. 
The study aims to evaluate the dual applicability of the resulting high-surface-area activated carbon 
for adsorbing PAHs and PhACs from both soil and wastewater. Comprehensive characterization 
and adsorption experiments conducted to assess performance under various environmental 
conditions. The work addresses key sustainability challenges and supports the objectives of the UN 
Sustainable Development Goals, offering a green alternative for environmental remediation and 
agricultural waste valorization. 

ɛ4ÈÅ ΰήΰβȤΰȢίȢίȤ%+v0ȤΰήΰβȤήήήΰγȾγδ ɉ/ÓÁÍÁÈ *Ȣ !ÌȤÓÁÒÅÊÉɊ ÁÎÄ  ΰήΰβȤΰȢίȢίȤ%+v0ȤΰήΰβȤ
ήήήΰγȾδΰ ɉ2ÕÑÁÙÁÈ !ÌÉ 'ÒÍÁÓÈÁɊ ÕÎÉÖÅÒÓÉÔÙ ÒÅÓÅÁÒÃÈ ÓÃÈÏÌÁÒÓÈÉÐ ÐÒÏÇÒÁÍ ÏÆ ÔÈÅ -ÉÎÉÓÔÒÙ 
ÆÏÒ #ÕÌÔÕÒÅ ÁÎÄ )ÎÎÏÖÁÔÉÏÎ ÆÒÏÍ ÔÈÅ ÓÏÕÒÃÅ ÏÆ ÔÈÅ .ÁÔÉÏÎÁÌ 2ÅÓÅÁÒÃÈȟ $ÅÖÅÌÏÐÍÅÎÔ ÁÎÄ 
)ÎÎÏÖÁÔÉÏÎ &ÕÎÄ ÓÕÐÐÏÒÔÅÄ ÔÈÉÓ ÒÅÓÅÁÒÃÈȢ 
 
+ÅÙ×ÏÒÄÓȡ ÂÉÏÃÈÁÒȟ ÁÃÔÉÖÁÔÅÄ ÃÁÒÂÏÎȟ ×ÁÓÔÅ×ÁÔÅÒ ÔÒÅÁÔÍÅÎÔ 
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"ÉÏÇÒÁÐÈÙ 

 /ÓÁÍÁÈ ÉÓ Á ÈÉÇÈÌÙ ÒÅÇÁÒÄÅÄ ÙÏÕÎÇ ÓÃÉÅÎÔÉÓÔ ÉÎ %ÎÖÉÒÏÎÍÅÎÔÁÌ 
%ÎÇÉÎÅÅÒÉÎÇȟ ËÎÏ×Î ÆÏÒ ÈÉÓ ÉÍÐÁÃÔÆÕÌ ÒÅÓÅÁÒÃÈ ÏÎ ÔÈÅ ÒÅÍÏÖÁÌ ÏÆ ÅÍÅÒÇÉÎÇ ÐÏÌÌÕÔÁÎÔÓȢ (Å 
ÉÓ ×ÅÌÌ ÒÅÃÏÇÎÉÚÅÄ ÁÔ ÔÈÅ 5ÎÉÖÅÒÓÉÔÙ Æ "ÁÂÙÌÏÎ ÆÏÒ ÈÉÓ ÁÃÁÄÅÍÉÃ ÅØÃÅÌÌÅÎÃÅȟ ÒÅÆÌÅÃÔÅÄ ÉÎ ÈÉÓ 
ÅØÔÅÎÓÉÖÅ ÐÕÂÌÉÃÁÔÉÏÎ ÒÅÃÏÒÄ ÏÆ ÏÖÅÒ γή ÓÃÈÏÌÁÒÌÙ ×ÏÒËÓ ÁÎÄ ÁÎ ÈȤÉÎÄÅØ ÏÆ ίαȢ (ÉÓ ÒÅÓÅÁÒÃÈ 
ÓÐÁÎÓ ËÅÙ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÔÏÐÉÃÓȟ ÉÎÃÌÕÄÉÎÇ ×ÁÔÅÒ ÁÎÄ ×ÁÓÔÅ×ÁÔÅÒ ÔÒÅÁÔÍÅÎÔȟ ÁÄÓÏÒÐÔÉÏÎ 
ÔÅÃÈÎÉÑÕÅÓȟ ÁÇÒÏȤÉÎÄÕÓÔÒÉÁÌ ×ÁÓÔÅ ÕÔÉÌÉÚÁÔÉÏÎȟ ÁÃÔÉÖÁÔÅÄ ÃÁÒÂÏÎ ÁÎÄ ÂÉÏÃÈÁÒ ÄÅÖÅÌÏÐÍÅÎÔȟ 
ÁÎÄ ÈÅÁÌÔÈ ÒÉÓË ÁÓÓÅÓÓÍÅÎÔÓ ÒÅÌÁÔÅÄ ÔÏ ÄÕÓÔ ÃÏÎÔÁÍÉÎÁÔÉÏÎȟ ÐÁÒÔÉÃÕÌÁÔÅ ÍÁÔÔÅÒ ɉ0-ί ÁÎÄ 
0-ΰȢγɊȟ ÁÎÄ ÐÏÌÙÃÙÃÌÉÃ ÁÒÏÍÁÔÉÃ ÈÙÄÒÏÃÁÒÂÏÎÓ ɉ0!(ÓɊȢ /ÓÁÍÁÈ ÈÁÓ ÁÌÓÏ ÓÅÒÖÅÄ ÁÓ Á 
ÒÅÖÉÅ×ÅÒ ÁÎÄ %ÄÉÔÏÒ ÆÏÒ ÓÅÖÅÒÁÌ ÅÓÔÅÅÍÅÄ ÓÃÉÅÎÔÉÆÉÃ ÊÏÕÒÎÁÌÓȢ 
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THE PHYSICO CHEMICAL PROPERTIES OF WATER AND 
SEDIMENT OF AQUATIC FUNGI DETECTION IN LAGOS 
LAGOON  
 

Adebayo -ADEWUNMI, Raimot  ADEJUMOKE 
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 Federal College of Education (Technical) Akoka-Yaba, Lagos ɀ State, Nigeria 
Email:princess64raheemat@gmail.com    +2347030316062 
 
 
 It has been observed that assemblage of aquatic fungi can pollute the water while aquatic habitat 
are heterogenous in time and space and greatly differ in their physicochemical feature.  
Objectives of the study : To determine the physiochemical properties of the water and 
sediment of aquatic fungi detection in lagos lagoon. Methodology : Further examination on the  
physio ɀ chemical properties on the water and sediment was also carried out using different 
parameters to determine compound present such as: Ph, salinity, chloride, Nitrate, Phosphate, 
sulphate, Dissolve oxygen, ammonia, alkalinity and biochemical oxygen demand (BOD). Results:   
From the result Oworoshoki has the highest latitude reading  while Ido has the highest longitude 
reading , temperature reading of water and sediment  was   recorded .More so, it  was observed that 
Ido has the highest chlorine  of 16,400,also has the highest salinity compared to ogudu water of 
2.8% salinity contents, while Ogudu has the highest ph value of 7.81 while bariga has the least 
7.23Ph.  The following fungi was detected such as Aspergillum ustus, Aspergillum species, Mucor 
species, Allomyces species, penicillium janezewskii, Aspergillus nidulan. Recommendations : 
Proper orientation and health awareness should be enlightened on the harmful effect of water 
pollution, which it can kill the aquatic species in the water, pollute the water and control measures 
should be taken such as avoiding pollutant substance in the water   such as refuses waste, faeces 
and oil spillage should be prevented from enter the water.  
 
Keywords : Physico Chemical Properties, Water and Sediment, Aquatic Fungi  
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MOLECULAR BINDING SIMULATION OF KEY SYNTHETIC 
COMPOUNDS AGAINST PACIFIC OYSTER ESTROGEN 
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REPRODUCTION CYCLE OF MAGALLANA GIGAS 
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The dynamics simulation offered by molecular docking tools allowed scientists to understand the 
impact of several natural/synthetic compounds on the sexual behavior of many species by allowing 
the structural comprehension of the complex interaction of physiologic and psychologic factors, 
ÃÏÎÔÒÁÃÔÉÏÎÓ ÄÕÒÉÎÇ ÅÒÅÃÔÉÏÎȢ )Î ÔÈÉÓ ÃÏÎÔÅØÔȟ !ÕÔÏÄÏÃËΓ 6ÉÎÁ ÓÏÆÔ×ÁÒÅ ɉÖÅÒÓÉÏÎ ίȢΰȢήɊȟ ×ÁÓ ÕÓÅÄ ÔÏ 
elucidate the structural interaction between 3 synthetic chemicals with a key sex steroid receptor 
called pacific oysteÒ ÅÓÔÒÏÇÅÎ ÒÅÃÅÐÔÏÒ Ȭȭ 0/%2 Ȭȭ, by programming five categories of bounds. Our 
data revealed that the three compounds may act as blockers for this receptor due to the negative 
aspect of scores. However, compound 3 may generate  the most stable conformation with POER, 
since this chemical has the lowest energy value (-8.8 kcal/mol) and could be the most promising 
among the tested chemicals, since this ligand generated most varied types of bounds with POER 
including: hydrophobic contact : alanine [A366, A367],  tryptophan  [W353], arginine [R350] ; ionic 
interaction : arginine [R350, R397] and glutamic acid [E363, E370] ; hydrogen bound :  glutamic 
acid [E370] and glycine [G336, G337] ; weak hydrogen bound : glutamic acid [E363], lysine [K338] 
and serine [351, 354] and cation Pi interaction: arginine [R350].In conclusion, molecular docking 
remains a fundamental tool for modeling the physiological evolution of an animal population in a 
given environment.  
 
Keywords : Conformation, energy, molecular docking, POER, receptor, synthetic compounds 
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This review article examines the role of green infrastructure in Smart city development through a 
structured review of recent literature. Smart cities aim to balance technological advancement with 
sustainable practices and attempt to address challenges such as climate change, resource 
consumption, and waste management. This objective is vital for green infrastructure, including 
buildings and urban green spaces. They promote energy efficiency, water conservation, and 
occupant well-being. This review identifies ten core research themes in green infrastructure. Using 
the PRISMA framework for systematic review and MaxQDA software for qualitative content 
analysis, the study reveals significant operational challenges, including high initial costs, 
technological limitations, and regulatory hurdles, that hinder the widespread adoption of green 
infrastructure. The review highlights the need for policy reforms, community engagement, and 
multidisciplinary collaboration to overcome these challenges. Future research directions include 
the standardization of sustainability metrics and the exploration of integrated green technologies. 
This study findings offer critical insights for policymakers and urban planners, advocating for 
incentives, transparent regulations, and collaborative initiatives to advance green infrastructure 
in smart cities. 
 
Keywords : green buildings, smart infrastructure, climate resilience, regulatory frameworks, water 
conservation 
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The discovery of new transition metal complexes with salicylaldehyde Schiff base played a 
significant role in the growth and development of coordination chemistry for their applications, 
properties and interesting structures. The discovery of new transition metal complexes with 
salicylaldehyde Schiff base explicate the mechanism of transamination reactions in biological 
system.  Among these complexes, Schiff base zinc complexes is essential for the various 
biochemical and physiological processes. Until now, ZnII and its complexes have been found to 
exhibit in vitro insulinomimetic activity and anti -diabetic effects in animals. This work, FT-IR and 
X-ray were used to describe the structure of organicɀinorganic hybrid material, [Zn2(C16H14N2O2)2] 

was synthesized, and its structure was determined at room temperature in the monoclinic space 
group C2/c with the following parameters: a=26.8742(19), b=6.8053(4) , c=14.7777(10) B , ʃ О 
97.710(6), and Z = 4. The crystal structure was stabilized by an extensive network of C-H....O 
hydrogen bondsȟ ÁÓ ×ÅÌÌ ÁÓ ʓɀʓ ÓÔÁÃËÉÎÇ ÉÎÔÅÒÁÃÔÉÏÎÓȢ (ÉÒÓÈÆÅÌÄ ÓÕÒÆÁÃÅ ÁÎÁÌÙÓÉÓ ÉÎÄÉÃÁÔÅÓ ÔÈÁÔ ÔÈÅ 
most significant contacts in the crystal packing are HỄH (57.5%), CỄH/HỄC (14.7% / 12.3%). 

 
Keywords : Schiff base complex, Single-crystal X-ray diffraction, Hirshfeld surface analysis,FT-
IR.  
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Risk management has become a major concern for organizations, In a complex and ever-changing 
environment, it is essential that laboratories laboratories to put in place effective methods for 
identifying, assess and manage the risks associated with their activities. In addition, compliance 
with applicable standards and regulations is a fundamental requirement for quality and reliability 
of laboratory results. Against this context, this study focuses on the application of the FMEA 
method (Failure Modes, Effects and Criticality Analysis) method.  order to solve our problem and 
verify our hypotheses, we opted for a methodological we opted for a qualitative methodological 
approach. an analysis of documents collected within the company information gathered by means 
of a questionnaire 
 
Keywords : Environment, evaluation, reliability, risk, management 
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Environmental problems have direct negative impacts on activity and efficiency economic, on 

the health and quality of life of the population, on the productivity and sustainability of the 

natural heritage. The aim of my work is to develop an approach aimed at minimizing risks and 

creating a new mapping of laboratory risks in order to protect our environment. 

We carried out an in-depth functional analysis of a process, using the identity sheet to highlight 

the potential risks associated with the main activity and the resources used. By carefully 

examining the different stages of the process and the tasks involved. 

We drew up a detailed plan for the various stages of the research methodology, including data 

collection, analysis and method implementation 

 

Keywords: protection, environment, accident, risk, safety 
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In this research paper, I have explained the main & primary causes of environment degrdation i.e 
types of pollution and deforestation. Many other causes are also there which are responsible for 
destruction of our surrounding like rubbish, global warming leads to ozone depletion, higher 
temperature, electricity which would be explained by next researcher in the same topic. I had 
arranged a survey regarding air pollution in my locality which gives not satisfactory result.peoples 
are not very much aware and for them i have given suggestions in this paper to make them 
capable of doing something for environment. 
I had also mention ganesh visarjan incident dated 19 sept 2013 which leads to water pollution. 
Deforestation (another important reason of environment degradation) is also explained by me 
which shows that India has largest forest land which is being degraded day by day. Suggestions 
are given by me so that they can help in fulfilling my aim of protecting the environment up to 
large extent. 
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Microbial inoculants play a crucial role for the agricultural crops. They are more effective and 
promising in simple use for farmers to protect plants from pathogens.  
The main aim of this research is to screen the effect of active ingredients from the most important 
synthetic pesticides on selected environmentally friendly bacterial strains. This work was done in 
3ÁÎÉÐÌÁÎÔ "ÉÏÔÅÃÈÎÏÌÏÇÉÃÁÌ 2ÅÓÅÁÒÃÈ ÁÎÄ $ÅÖÅÌÏÐÍÅÎÔ ,ÔÄȟ ÉÎ 'ěÄěÌÌÏȟ Hungary in 2023.  The M9 
media were prepared and each pesticide including Force, Glyphosate, Gladiator, Picassa, Priaxor, 
Scope, Topas, Wakiil, Rancona, Signal, Systiva, and Premise with their five different doses were 
added to the M9 medium. Altogether, seventy-five environmentally friendly bacterial strains were 
tested. The bacterial strains were subcultured on each poison medium contained in the above-
mentioned pesticides.  As a result, most bacterial strains revealed less tolerance to the high doses 
of tested pesticides.  However, the lowest three doses of used pesticides indicated a better bacterial 
growth. On the other hand, the tested Scope insecticide showed a positive effect on bacterial 
ÓÔÒÁÉÎÓȭ ÇÒÏ×ÔÈ ÔÏ ÁÌÌ ÆÉÖÅ ÕÓÅÄ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓȢ  To conclude, the tested bacterial strains showed 
little tolerance to the concentrated and half of diluted different pesticides. 
Thanks to Dr. Zsolt Bereczky to provide the best conditions in the laboratory to complete my 
ÉÎÄÕÓÔÒÉÁÌ ÐÌÁÃÅÍÅÎÔ ÉÎ ÔÈÅ "ÉÏÔÅÃÈÎÏÌÏÇÉÃÁÌ 3ÁÎÉÐÌÁÎÔ #ÏÍÐÁÎÙ ×ÈÉÃÈ ÉÓ ÌÏÃÁÔÅÄ ÉÎ 'ěÄěÌÌÏ ÃÉÔÙȟ 
Hungary. This research was supported within the framework of the FEMS Industrial Placement 
Grant ɀID 1851 in 2023. 
 
Keywords : pesticides, bacterial strains, tolerance, inoculant, agriculture, 
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A PRELIMINARY STUDY ON MALACOFAUNA (MOLLUSCA, 

GASTROPODA) OF NORTHEAST LIBYA  
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This survey study is based on gastropoda snail shells collected during several field visits to some parts 

of northeast Libya, from which twenty-four species have been identified and illustrated. Systematically, 

they classified into nine families of subclass Pulmonata, these are Orculidae, Enidae, Subulinidae, 

Zonitidae, Clausiliidae, Sphincterochilidae, Ferussaciidae, Helcidae and Physidae, the latter one is 

fresh water; in addition to Cochlostomidae family which belongs to the order Architaenioglossa. 

Generally, the most abundant genera are Helix Linnaeux, 1758; Trochoidea Rafinesque, 1815; Rumina 

Risso 1826; and Barcania Brandt, 1956. The peculiar presence of Cornu aspersum (M¿ller 1774) at 

Cyrene and Eobania vermiculata (M¿ller, 1774) at Apollonia in astern Libya and Leptis Magna in 

Eastern Libya is strongly attributed to the introduction by the ancient Romans. Orcula radiaensis sp. 

nov. is proposed herein to be a new species. It has been found in association with the small-sized shells 

at Karstified doline located close to Marad Radiah Village in Qasr Libya. The geographical distribution 

of the reported terrestrial snails in Cyrenaica is mostly associated with the dry Mediterranean climate 

in the coastal areas, the high topographic relief areas, and the calcareous soil types are also considered. 

While, in the dry and arid regions (e.g. desert) snails are completely absent. Therefore, the climate is 

suggested to be the main element of their recession geographically. Conclusively, most of the 

documented species are of Circum-Mediterranean range. Trochoidea gharlapsi (Beckmann, 1987), 

Cochlicella acuta (M¿ller, 1774) and Paramastus edentatus (Sturany, 1908) are considered herein as 

four threatened species from Libya. 

 

Keywords: Al Jabal al Akhdar, Gastropoda, Libya, Taxonomy, Terrestrial Snails 
 
Biography 

 

 Ahmed Muftah is a Micropalaeontologists and Biostratigrapher, currently at University 

of Benghazi in Libya, and has worked previously at Arabian Gulf Oil Company, Benghazi (1982ï2003). 

He obtained a B.Sc. in 1982 at University of Benghazi (previously Garyounis), an M.Sc. in 1991 at 



 

 Page 193 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

University College London, and a Ph.D. in 2013 in Historical Geology and Palaeontology at Hellenic 

Republic National and Kapodistrian University of Athens. His research focuses on the foraminiferal and  

 

calcareous nannofossils biostratigraphy of Sirt Basin and Al Jabal al Akhdar region of Libya. His 

research 90 research publications in national and international journals. He is a scientific coordinator of 

the East Libyan Neogene Research Project (ELNRP) of As-Sahabi and Jabal Zelten areas. His services 

as Member of editorial board of the Scientific Journal of the University of Benghazi (2019ï2023). 

 

  



 

 Page 194 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

PP13 
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The increasing presence of micropollutants in aquatic environments poses significant ecological and 

public health risks. This study proposes a novel, sustainable hybrid approach integrating adsorption 

and coagulation for the efficient removal of pollutants from environmental water samples and 

wastewater. The method employs a composite synthesized adsorbent from sludge-derived activated 

carbon (SAC), combined with a coagulant. The sludge-based material not only enhances removal 

efficiency but also promotes circular waste utilization. The research involves material synthesis, 

physicochemical characterization (SEM, TEM, FTIR, XRD, BET), and adsorption studies under various 

environmental conditions to assess kinetics, isotherms, thermodynamics, and reusability. The outcomes 

are contributed to the protection of freshwater ecosystems and promote sustainable wastewater 

management. 

*The 2024-2.1.1-EK¥P-2024-00025/62 (Ruqayah Ali Grmasha) and  2024-2.1.1-EK¥P-2024-

00025/56 (Osamah J. Al-sareji) university research scholarship program of the Ministry for Culture 

and Innovation from the source of the National Research, Development and Innovation Fund 

supported this research. 
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THE ENVIRONMENTAL MICROBIAL TRANSFORMATION 
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Microbial ecology consists of characterizing the microbial biodiversity of an ecosystem or 
microbiota and different microorganisms including bacteria, protozoa, microalgae, microscopic 
fungi can produce different enzymes, and therefore of breaking down different types of organic 
matter, no matter the degree of salinization, temperature, or flow velocity. All these 
microorganisms are called "decomposers" and can act on both natural and synthetic chemicals. In 
this context, we used a newly canadian bioinformatics software, developed in 2024 by Canadian 
researchers from the Wishart Research Group as part of the Human Metabolism Project, to predict 
plausible reaction pathways of 3 synthetic compounds catalyzed by environmental microbial 
enzymes.  Our data clearly indicated that chemical 1 and 2 could possibly be catalyzed each by 
microbial enzymes into 4 different metabolites and the most interesting point is that compounds 
1 and 2 may follow the same ÒÅÁÃÔÉÏÎ ÔÙÐÅ Ȭȭ %!7!'Ό25,%Ό"4ήήήγΌ0!44%2.αȭȭ ÔÏ ÇÅÎÅÒate two 
different metabolites, respectively bicinchoninic acid (1) and Phosphoric acid, 3,4-dimethoxyphenyl 
(3).  However, the most interesting result concern chemical 3, which can follow various pathways 
to generate 6 different metabolites. Among these metabolites, one of them named 1-[(4aR,6R)-2-
methylsulfanyl-2-oxo-4a,6,7,7a-tetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl]-2-
methylidenepyrimidin-4-amine (10) has a complex structure and could be generated following 
hydrolytic dechlorination.  
In conclusion, our data indicated once again the non-negligible capacity of environmental 
microbial flora to decompose synthetic compounds into less dangerous metabolites and thus 
preserving the integrity of our ecosystem. 
 
Keywords : Bioinformatics, ecosystem, metabolites, microorganisms, pathways, synthetic 
compounds, not more 6 words 
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VIRTUAL CLOTHES, REAL VALUES: THE REVOLUTION OF 
DIGITAL FASHION  
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The rise of digital fashion has marked a significant shift in the fashion industry, with artificial 
intelligence (AI) playing a key role in advancing sustainability. AI-powered design processes and 
virtual garments enable the creation of innovative fashion pieces without the need for physical 
ÍÁÔÅÒÉÁÌÓȟ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÒÅÄÕÃÉÎÇ ÔÈÅ ÉÎÄÕÓÔÒÙȭÓ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÆÏÏÔÐÒÉÎÔȢ 
Through AI, designers can experiment freely, eliminating the waste and resource consumption 
traditionally associated with sampling and production. Combined with non-fungible tokens 
(NFTs), these digital garments gain unique value by ensuring verifiable ownership and enabling 
secure digital transactions. Users can showcase these AI-assisted creations across social media 
platforms, gaming environments, and virtual worlds, while designers benefit from new, more 
sustainable business models and revenue streams. 
Artificial intelligence is therefore not only reshaping the intersection of fashion and technology but 
is also offering concrete solutions for reducing overproduction, minimizing waste, and promoting 
a more conscious and sustainable fashion ecosystem. Virtual fashion, empowered by AI, is more 
than just the next trend ɂ it represents a transformative tool with the potential to redefine the 
ÉÎÄÕÓÔÒÙȭÓ ÁÐÐÒÏÁÃÈ ÔÏ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÒÅÓÐÏÎÓÉÂÉÌÉÔÙȢ 
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SOIL HETEROGENEITY OF TWO NEARBY SLOVAKIAN 
ARABLE AREAS CAUSED BY MOLES AND TILLAGE 
OPERATIONS 
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Soils are under continuous pressure. Soil quantity and quality are lost every minute due to several 
soil degradation processes. To save soils for food production for future generations, it is important 
to know the speed and direction of soil formation and degradation. In the present paper, two arable 
fields were under investigation. One had several mole mounds where the properties of the mound 
were compared with the nearby control areas. In the other area, the properties of the upper 0ɀ5 cm 
were compared with the properties of the 0ɀ30 cm layer. The soils were scanned with a Near 
Infrared (NIR) Scanner of Agrocares Ltd. (the Netherlands). The NIR device measured pH (H2O), 
soil organic matter (%), total organic carbon (g/kg), total N (g/kg), potentially mineralizable N 
(g/kg) and P (mg/kg), exchangeable K, Ca, Mg and CEC (Cation Exchange Capacity) (mmol/kg), 
total Al and Fe (g/kg), clay and soil moisture contents (%). NIR spectrometer uses a wavelength 
range of 1300ɀ2600nm (MEMS technology). The results of the comparison of the mole mounds 
show that pH(H2O), SOM, total N, P, exchangeable K, total organic carbon, potentially 
mineralizable N contents are higher in the control area than in the mounds, while exchangeable 
Ca, Mg, total Al and Fe (g/kg), cation exchange capacity, clay and soil moisture contents are higher 
in the mole mounds. The results of the comparison of the 0ɀ5 versus 0ɀ30cm show that pH(H2O), 
SOM, P, exchangeable K and Ca, and cation exchange capacity contents are higher in the upper 0ɀ
5 cm layer than in the 0ɀ30 cm layer while exchangeable Mg, clay and soil moisture contents are 
higher in the 0ɀ30 cm layer. These average contents were later evaluated statistically, which will 
be shown on the poster. 

 
Keywords : agricultural landscape, healthy food production, landscape history, landscape 
management, water management 
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FISHPONDS AS MULTIFUNCTIONAL LANDSCAPE 
FEATURES ɀ A COMPARATIVE STUDY FROM CENTRAL 
EUROPE 
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Fishponds are important parts of landscapes, attracting attention due to their numerous 
functions. The poster presents ideas and remarks regarding European fishpond landscapes that 
were discussed at the annual working meeting organized by the Institute for Research on European 
Agricultural Landscapes e.V. (EUCALAND). EUCALAND worked out a questionnaire that has 
been used to describe agricultural landscapes. Although the primary reason for constructing 
fishponds is being fish production, ponds historically as well as today perform diverse functions. 
What differentiates them is their age, present interpretation and legal position in landscape 
management in nature conservation policies in European countries. Thousands of artificially 
constructed small water bodies are an essential part of transforming cultural landscapes. In some 
ÒÅÇÉÏÎÓȟ ÉÔ ÉÓ ÅÖÅÎ ÐÏÓÓÉÂÌÅ ÔÏ ÉÄÅÎÔÉÆÙ ÃÅÒÔÁÉÎ ȰÇÏÌÄÅÎ ÁÇÅȱ ÏÆ ÆÉÓÈÐÏÎÄ ÃÏÎÓÔÒÕÃÔÉÏÎ ÁÓ ÏÌÄ ÁÓ ÔÈÅ 
late Middle Ages. From a present perspective, fishponds might be interpreted as a permanent 
landscape feature, although the opposite is often true. Especially due to changes in agricultural 
production, industrialization and urbanization, the total number of fishponds has decreased, in 
some areas more than three times, creating certain environmental and regional diversity in the 
current presence of fishponds. In other regions, fishpond systems have been developed only 
recently, during the 20th century. Perception and interpretation of fishponds also develop, from 
seeing them mainly as productive features or representatives of natural and semi-natural 
environments. In this context, the perception of the primary purpose of the fishponds also 
transforms. They are sometimes discussed about drought and flood protection, biodiversity 
conservation and for their contribution to recreational and cultural properties of the landscapes, 
rather than to fish production only. Fishponds are thus complex landscape features that constitute 
a uniqueness and identity of European agricultural landscapes, and as such should be considered 
an important part in landscape studies, management, protection and policies. 
 
Keywords : agricultural landscape, healthy food production, landscape history, landscape 
management, water management 
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PERMEABILITY FORMULAE ON THE GRADING CURVE 
SPACE 
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The Taylor model is containing the mean pore size or hydraulic radius ɀ the product of the void 
ratio and harmonic mean diameter ɀ, moreover, the density and Geometry terms. The statistical 
variables of the grading curves (GSD-s) are either the traditional ÄÉÁÍÅÔÅÒ ÖÁÒÉÁÂÌÅÓ ɉȰÑÕÁÎÔÉÌÅÓȱɊ 
and their ratios, most significant ones are the harmonic mean or d10, and the Cu, measuring the 
spread of the GSD. New variables are the four Grading Entropy parameters, the followings are 
considered here: the mean abstract diameter S0, and the entropy increment S measuring the 
spread of the GSD, being zero at the single fraction (and therefore, cannot be used globally in 
product type relations). Out of these, the Cu and S are not directly found in the Taylor model but 
if these are included then the so resulted models are expected to be more successful than the 
traditional ones. The goal of research was to discover if the latter models are better than the 
classical models and in case of the verification of the statement, why these are better. The granular 
matter database was elaborated earlier. The goodness of the foregoing models was attributed to 
the fact that S or CU in the model containing the mean pore size may have expressed a minimum 
pore size which may control the permeability due to the continuity condition of Physics. 
 
Keywords : Taylor permeability equation, harmonic mean diameter, hydraulic radius, grading 
curve 
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INVESTIGATING THE PHYSICAL AND OPERATIONAL 
CHARACTERISTICS OF MANUFACTURING PROCESSES FOR MFI-
TYPE ZEOLITE MEMBRANES FOR ETHANOL/WATER SEPARATION 
VIA PCA 
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Principal Component Analysis (PCA) was used to investigate the key trends among 31 MFI (Mobil 
No. 5) zeolite membranes, based on 11 textural, chemical, and operational factors associated with 
their manufacturing processes. An initial PCA of the full dataset showed that the first two principal 
components accounted for approximately 38% of the total variance, with samples clustering 
closely together and no clear groupings emerging. To overcome this, the data were segmented 
based on the initial PCA results, leading to a substantial improvement in variance explanation 
(ranging from 55% to 77%) and the identification of distinct patterns. Analysis of the subsets 
ÒÅÖÅÁÌÅÄ Á ÓÔÒÏÎÇ ÃÏÒÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÓÉÌÉÃÁ ɉ3É/ϼɊ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÁÎÄ ÐÅÒÖÁÐÏÒÁÔÉÏÎ ÃÏÎÄÉÔÉÏÎÓȟ ÁÓ 
well as significant clustering based on the chemical composition of preparation solutions. These 
findings highlight the critical role of preparation chemistry in influencing the operational 
performance of MFI zeolite membranes. Overall, the combined use of PCA and experimental data 
offers a promising, data-driven approach to optimize the manufacturing of MFI-type zeolite 
membranes for ethanol/water separation applications. 
 
Keywords : Principal Component Analysis, Water Treatment 
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The presence of heavy metal ions in water environments has raised significant concerns, 
necessitating practical solutions for their complete removal. In this study, a combination of 
adsorption and electrocoagulation (ADS + EC) techniques was introduced as an efficient approach 
for removing high concentrations of nickel ions (Ni2+) from aqueous solutions, employing low-cost 
sunflower seed shell biochar (SSSB). The combined techniques demonstrated superior removal 
efficiency compared to individual methods. The synthesized SSSB was characterized using SEM, 
FT-IR, XRD, N2-adsorptionɀdesorption isotherms, XPS, and TEM. Batch processes were optimized 
by investigating pH, adsorbent dosage, initial nickel concentration, electrode effects, and current 
density. An aluminum (Al) electrode electrocoagulated particles and removed residual Ni2+after 
adsorption. Kinetic and isotherm models examined Ni2+adsorption and electrocoagulation 
coupling with SSSB-based adsorbent. The results indicated that the kinetic data fit well with a 
pseudo-second-order model, while the experimental equilibrium adsorption data conformed to a 
Langmuir isotherm under optimized conditions. The maximum adsorption capacity of the 
activated sunflower seed shell was determined to be 44.247 mg. gК1. The highest nickel ion removal 
efficiency of 99.98% was observed at initial pH values of 6.0 for ADS and 4.0 for ADS/EC; initial 
Ni2+concentrations of 30.0 mg/L and 1.5 g/L of SSSB; initial current densities of 0.59 mA/cm2 and 
1.32 kWh/m3 were also found to be optimal. The mechanisms involved in the removal of Ni2+ from 
wastewater were also examined in this research. These findings suggest that the adsorption-
assisted electrocoagulation technique has a remarkable capacity for the cost-effective removal of 
heavy metals from various wastewater sources.  
 
Keywords : Heavy metals; Coupled adsorption + electrocoagulation; Biochar; Environmental 
remediation 
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Billions of people in developing-countries continue to suffer from preventable diseases 
because of Environmental change, causing unnecessary suffering and increasing poverty. 
Whereas unorganized rapid economic development in developing countries proved as a 
gateway to many health and wellbeing problems which are potentially linked to 
environmental threats, from air pollution and   physical deterioration to global climate 
change. 
Sustainable development seeks  to  reduce environmental impact and have less impact on 
ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÈÅÁÌÔÈ ÔÈÁÎ ÔÒÁÄÉÔÉÏÎÁÌ ÐÒÁÃÔÉÃÅÓȢ #ÁÒÅÆÕÌÌÙ ÁÓÓÅÓÓÅÄ Ȱ'ÒÅÅÎ %ÃÏÎÏÍÙȱ ÃÏÕÌÄ 
serve solution to economic and environmental sustainability problems while taking key 
players on board like human and their     relationships, including financial institutions, 
formal roles in the natural environment, and the  performance of business and industry. 
This research aimed to drive the solutions against environmental and sustainability 
problem within developing countries like Pakistan in order to contribute to have sustainable 
future and making the World a better place to live. 
 
Keywords : Environmental Health, Sustainable development, Climatic Changes 
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Climate change significantly influences atmospheric composition and air quality, particularly in 
rapidly urbanizing regions like India, where rising surface temperatures, altered wind patterns, and 
increased anthropogenic emissions interact to exacerbate pollution levels; this study aims to 
analyze the combined effects of climate-induced atmospheric changes on urban air pollutants such 
as ground-ÌÅÖÅÌ ÏÚÏÎÅ ɉ/ϽɊȟ ÎÉÔÒÏÇÅÎ ÏØÉÄÅÓ ɉ./2Ɋȟ ÓÕÌÆÕÒ ÄÉÏØÉÄÅ ɉ3/ϼɊȟ ÁÎÄ ÐÁÒÔÉÃÕÌÁÔÅ ÍÁÔÔÅÒ 
ɉ0-ϼȢϿ ÁÎÄ 0-ϻϺɊ ÉÎ )ÎÄÉÁÎ ÍÅÇÁÃÉÔÉÅÓ ɉ$ÅÌÈÉȟ -ÕÍÂÁÉȟ +ÏÌËÁÔÁɊȟ ×ÈÉÌÅ ÄÒÁ×ÉÎÇ ÇÌÏÂÁÌ 
comparisons to cities facing similar climate stress; the importance of this study lies in 
understanding how climate variability intensifies photochemical smog formation, reduces 
atmospheric boundary layer height, and creates stagnation events that lead to pollutant 
accumulation, thereby posing heightened public health risks; satellite data (MODIS, TROPOMI) 
and CPCB ground-based monitoring from 2010ɀ2025 were used to analyze spatiotemporal 
pollutant trends, revealing statistically significant correlations between increasing ambient 
ÔÅÍÐÅÒÁÔÕÒÅÓ ÁÎÄ ÅÌÅÖÁÔÅÄ /Ͻ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÄÕÒÉÎÇ ÈÅÁÔ×ÁÖÅÓȟ ÁÌÏÎÇ ×ÉÔÈ ÎÏÔÁÂÌÅ 0- ÓÕÒÇÅÓ 
under stable atmospheric conditions; the results indicate that climate-forced modifications in 
atmospheric chemistry and dynamics are directly deteriorating urban air quality in India, with 
global parallels observed in other industrial regions, suggesting a feedback loop between air 
pollution and climate forcing; in conclusion, the study highlights the urgent need for integrated 
mitigation strategies combining emission control, sustainable urban planning, and climate 
adaptation policies to manage worsening air quality under a changing climate both in India and 
worldwide. 
 
Keywords: Climate change, Atmospheric composition, Air Quality, Global warming. 
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INTRODUCTION  
 
Nowadays, environmental pollution is becoming increasingly severe. As a result of 
industrialisation and large-scale urbanisation [1], elements that humanity had never considered 
have entered our environment. The first victims of pollution [2] within the en vironment are the 
environmental elements that make up the environment's systems, processes, and structure. One 
of the most critical pollutants is heavy metals, whose entry and accumulation in environmental  

The complex system of atmospheric processes is linked to numerous elements of both the natural 
and man-made environment, on which it depends to a greater or lesser extent. Air pollution 
resulting from a country's industrial and agricultural activities, mining, public transport, and 
lifestyle not only affects the air quality of that country but can also have a continental impact. 
Global international agreements are necessary to prevent further damage. We set out to 
investigate heavy metal pollution deposited from the air using moss biomonitoring. 
To carry out the study, we selected three sampling points located 40-50 km apart in southwestern 
Hungary. We collected various moss samples in accordance with sampling regulations, to the 
extent possible. After transport to the laboratory, the samples were ÄÒÉÅÄ ÁÔ βή Ц# ÆÏÒ βζ ÈÏÕÒÓȢ 4ÈÅ 
dry samples were ground and then digested in a microwave device. After digesting, the heavy metal 
content of the solution was measured using a flame atomic absorption spectrometer. The results 
were analysed statistically. At sampling point 1, the measured concentrations of two elements (Ni, 
Pb) were the highest of all samples, and three elements (Cd, Cu, Co) were the lowest. 
The highest Co concentration was measured at sampling point 2, and in one case, the lowest Pb 
concentration was also measured in all samples. Compared to previous measurements, we 
observed a slight increase in copper and nickel. The measured results indicate that the background 
load of heavy metals in the air in the southwestern region of Hungary has remained relatively 
unchanged since the 1997 measurements. 
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elements can cause serious problems [3] for living organisms. However, it is worth noting that 
some heavy metals are naturally present in the environment without human intervention.  
However, human intervention can release quantities of heavy metals [4] into the environment 
that are not only dangerous to wild animals but can also be fatal. It is therefore essential that we 
monitor this type of pollution [5] using various methods so that it can be avoided or reduced. 
The concept of removing heavy metals from the air using a network of mosses was first 
introduced in the 1970s as part of a Swedish-Danish initiative (e.g., [6]). Subsequently, the 
number of countries participating in the program steadily increased, reaching thirty by 2007 [7]. 
The new initiative provided an opportunity to replace instrumental measurements of elements 
settling from the air into terrestrial systems, enabling the development of a time-integrated 
method [8]. The series of measurements carried out in Europe has been repeated every five years 
since 1990. Since 2000, the European moss program has been managed by the international 
organisation ICP Vegetation, "International Cooperative Program on Effects of Air Pollution on 
Natural Vegetation and Crops," based at the Ecological and Hydrological Centre in Bangor, 
United Kingdom. Twenty -eight countries participated in the 2005 measurement cycle, and the 
concentrations of ten heavy metals were determined using in situ methods [8]. The moss 
network enables the identification of spatial and temporal changes and trends across Europe. By 
comparing successive measurement results, it was found that between 1990 and 2005, the 
amount of heavy metals in mosses decreased, with the highest heavy metal concentrations 
measured in 1990. There was a significant decrease in concentration between the first and last 
measurements: lead decreased by 72.3% in 16 countries, arsenic decreased by 71.8% in 5 
countries, and vanadium decreased by 60%. 4% in 11 countries - cadmium decreased by 52.5% in 
16 countries, and iron decreased by 45.2% in 13 countries. A moderate decrease was observed for 
the following elements: zinc by 29.3% in 16 countries, copper by 20.4% in 16 countries, and nickel 
by 20% in 16 countries. The smallest decrease was measured for chromium, which showed a 2% 
lower concentration in samples from 14 countries [8]. Future objectives of the program - further 
measurement of heavy metal levels in European countries, using the measurement results to 
determine the reasons for the differences in values and any confounding factors, such as: the use 
of different moss species, different analysis techniques or sampling under various climatic 
conditions - linking moss analysis data with data from other areas, e.g. climate and soil test data 
- detailed analysis of the results of measurements using mosses to determine the impact of heavy 
metals on the ecosystem and the potential risks of heavy metal pollution in the future. - Using 
the measurement results to create a map showing the distribution of heavy metals and their 
concentration in mosses across Europe. This involves identifying the most polluted areas using 
the procedure, understanding long-range transboundary pollution, and determining its 
temporal evolution [8]. Hungary joined the "Atmospheric Heavy Metal Deposition in Europe" 
initiative in 1995. Samples for the first nationwide measurement were collected between 
September and October 1997, and the measurement was repeated in 2003. The aim of joining 
was to participate in creating an international map that covered all European countries [7]. The 
current program, Hungary, has not yet joined the current initiative. The program aims to 
develop a standardised sampling procedure for European countries. 
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Aim  
This work aims to present the new procedure, describing in detail the steps of the sampling and 
processing process. The samples for the study were collected in South-West Hungary. During 
the measurement, the concentrations of cadmium, cobalt, copper, nickel and lead in the samples 
were analysed. The values obtained were compared with those obtained in Hungary in 1997 and 
in Slovakia, Slovenia, Croatia and Austria in 2005. 
 

 
MATERIALS AND METHODS  
 
Sampling  
Rules for determining sampling points [9]  
Sampling points were determined based on the specifications of the ICP Vegetation program. 
When recording sampling points, several specifications defined in the program also had to be 
met (see Table 1). This ensures the comparability of the results measured by the countries 
participating in the study.  
 
Conditions  
First, the distances from individual emission sources were determined. The threshold distances 
between the sampling point and the emission sources vary depending on the type of source: 
 

Table 1. ICP sampling rules 

Source determination  Distance [m] 

Areas without vegetation  50 

Agricultural areas  300 

Ploughed agricultural areas  300 

Livestock farms  100 

Houses and villages  300 

Towns  600 

Small roads in use  50 

Small rural roads  100 

Main roads  300 

Railways 300 

Motorways 300 

Factories with tall towers  10,000 

Small factories  2,000 

Waste incinerators  10,000 

Landfills 2,000 

Construction sites  2,000 

Gravel pits  2,000 

Thermal power plants  10,000 

 



 

 Page 213 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
In addition to maintaining appropriate distances, topographical factors must be considered 
when determining the sampling location. Where possible, select an area that is not sloping to 
prevent water from running off. The impact of surrounding vegetation on the results must be 
considered, as substances entering the sample from tree canopies may affect the measurement 
results. To avoid this, the nearest tree canopy must be at least 3 meters away, or 7 meters away 
in case of possible nitrogen contamination. Where possible, the sampling point should not be 
located on grassy areas under shrubs or larger perennial plants [9]. The location of the sampling 
points is shown in Figure 1. 
 

 
Figure 1. Designated sampling points 

 
Wind conditions in Hungary  
When determining the sampling points and possible sources, we also considered the typical 
wind directions in Hungary (Figure 2). 
 

 
Figure 2: Prevailing wind directions in Hungary [Source: 10]. 
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1. Prevailing wind direction at sampling point 1 
The prevailing wind direction at sampling point 1 is north-west. Emissions from industrial towns 
located in the western part of the country do not significantly contribute to pollution at the 
sampling point due to prevailing air movement patterns. 
2. Prevailing wind direction at sampling point 2 
The prevailing wind direction in sampling point 2 is north, and considering the wind directions, 
pollutants may arrive at this point from several locations in the northwestern industrial areas of 
ÔÈÅ ÃÏÕÎÔÒÙ ɉÅȢÇȢ :ÁÌÁÅÇÅÒÓÚÅÇȟ !ÊËÁȟ 6ÅÓÚÐÒïÍɊȢ 
3. Prevailing wind direction at the sampling point 
Sampling point 3 is located above sampling points 1 and 2, and the prevailing wind direction in 
this area is north. Several cities within the country's borders can be identified as possible sources 
ÏÆ ÐÏÌÌÕÔÉÏÎ ɉÅȢÇȢ 4ÁÔÁÂÜÎÙÁȟ 'ÙěÒɊȢ 
However, it is essential to note that the prevailing wind directions are not constant due to the 
different phases of circulation in the temperate zone. In Hungary, the relative frequency of the 
prevailing wind direction ranges from 15% to 35% [10]. 
 
Identification of moss species  
When identifying moss species, it is crucial to look beyond the appearance of the moss, as it can 
take different shapes depending on external conditions, making it easy to make a mistake when 
deciding which species to choose. Therefore, the species of moss can only be accurately 
determined by microscopy [11].  
Preparation of microscope slides. Drip water on the leaves and cover with a cover plate. In 
deciduous mosses, multicellular tubercles may be present on the rhizoids; to visualise these, 
soak the turf until all the soil has been removed [11].  
When identifying moss species, it is crucial to look beyond the appearance of the moss, as it can 
take different shapes depending on external conditions, making it easy to make a mistake when 
deciding which species to choose. Therefore, the species of moss can only be accurately 
determined by microscopy [11].  
Preparation of microscope slides. Drip water on the leaves and cover with a cover plate. In 
deciduous mosses, multicellular tubercles may be present on the rhizoids; to visualise these, 
soak the turf until all the soil has been removed [11].  
 
Brachythecium rutabulum:  A species found throughout the country, occurring in abundance. 
It is found in a wide variety of woodlands and understorey habitats, including cliffs, tree trunks, 
and stream beds. External characteristics that help identify it in situ include loose grassland, 
which varies in colour from yellowish-green to golden-yellow. Leaves are concave, ovate, short-
tipped, shortly running, slightly folded and with serrated edges. Characteristics for microscopic 
identification: 'The leaf cells are 6 to 10 times longer in the middle of the leaf than they are wide, 
and in the corners of the leaf, in small groups, are elongated cells which are not markedly 
separated from the others. The spore-bearing sheath is brown, the strongly bent handle 
brownish red, roughly roughened" [11].  
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Hypnum cupressiforme : Hypnum cupressiforme is a cosmopolitan species, mainly found in 
woods, on bare forest soil, on boulders, on rocks, on thin forest soils, but also rocky ground. 
Typical is its mass occurrence. It forms large expanses of grassland, 1-3 cm thick, and is easily 
recognisable for its compactness, smoothness, yellowish or deep green colour, and hair-like 
shoots. The leaves are densely packed, gradually tapering from a broad base to long spears, with 
an intact or pointed, slightly serrated edge. 'Cells slightly serpentine, shorter at the base of the 
leaf, rectangular with thick walls and open-worked. At the corner, there is a distinct cluster of 
cells which are rectangular in shape and water-clear or yellowish. The vein is short, double, or 
completely absent. The spores are erect or slightly bent on a reddish stalk, often developing a 
short-tipped cap" [11]. 
 
Identifying possible sources  
Anthropogenic sources  
To identify potential anthropogenic sources, the National Environmental Information System 
(NEIS) database was utilised. Considering the location of the sampling points and the wind 
directions in the area, 4 counties can be identified as the primary sources.  
!ÃÃÏÒÄÉÎÇÌÙȟ ÅÍÉÓÓÉÏÎ ÖÁÌÕÅÓ ÆÏÒ ÔÈÅ ÃÏÕÎÔÉÅÓ ÏÆ 6ÁÓȟ :ÁÌÁȟ 'ÙěÒ-Moson-3ÏÐÒÏÎ ÁÎÄ 6ÅÓÚÐÒïÍ 
×ÅÒÅ ÓÅÁÒÃÈÅÄ ÆÏÒ ÏÎ ÔÈÅ ÄÁÔÁÂÁÓÅ ÉÎÔÅÒÆÁÃÅȢ 4ÈÅ ÄÁÔÁÂÁÓÅ ÄÉÄ ÎÏÔ ÃÏÎÔÁÉÎ ÉÎÆÏÒÍÁÔÉÏÎ ÆÏÒ 'ÙěÒ- 
 
Moson -Sopron County.  
Definitions of pollutants for which information was found:  
- Lead and inorganic compounds 
- Cobalt and its compounds 
- Copper and its compounds 
- Nickel and its compounds 
- Cadmium and its compounds [12] 
The individual values for the counties aggregated by year are summarised in the Table 2. 
 

Table 2: Emissions from pollution sources 2010ɀ2015 [12] 

Year 
Cadmium and its 
compounds [kg] 

Cobalt and its 
compounds 

[kg]  

Nickel and its 
compounds 

[kg]  

Lead and its 
compounds 

[kg]  

Copper and its 
compounds 

[kg]  

2010 1 2 92 460 67 

2011 0 0 20 1066 142 

2012 1 1 39 1070 214 

2013 2 2 79 749 210 

2014 0 2 11 711 188 

2015 0 8 8 1112 240 

 
Natural resources  
Natural resources 
The natural source of heavy metals is weathering and fragmentation of rocks. Thanks to 
geochemical processes, soil also contains heavy metals in its natural state. The heavy metal 
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content of soil is determined firstly by the type of rock on which the soil was formed and 
secondly by the effects of natural forces (e.g. water, wind) [13]. 
The sampling area is characterised by sedimentary bedrock. Table 3 presents the concentrations 
of heavy metals in various types of sedimentary rocks. 
 

Table 3: Typical heavy metal content of sediments [13] 

[mg/kg]  
Sediments 

limestone sandstone clay pile 

Cadmium 0.028 0.05 0.22 (<240) 

Cobalt 0.1 0.3 19 

Copper 5.5 30 39(<300) 

Nickel 7 9 68(<300) 

Lead 8.7 10 23(<400) 

 
Weight of subsamples, drying process  
Sample preparation involved a multi-step process. In the first step, the mosses, which had been 
stored in a refrigerated place, were allowed to rest for a few days after transport to the laboratory, 
to reach room temperature and lose moisture. Subsequently, the weight of the subsamples, 
cleaned of dirt, bark and soil residues, was weighed. 
 
Grinding  
The necessary grinding equipment was provided by the Institute of Soil Science and 
Agrochemistry, which was used to grind the dried samples into powder. The samples were 
ground in paper bags used for transport and then placed in sealable plastic bags. 
Digestion of moss samples 
During digestion, organic matter in the sample is converted to carbon dioxide and water by 
strongly oxidising acids [14]. 
 
Digestion of moss samples  
During digestion, the organic matter in the sample is converted into carbon dioxide and water 
by strongly oxidising acids [14]. Chemicals used for digestion and their quantities: 5 cm3 HNO 3 
+ 2 cm3 H2O2. Measured amount of moss: ~0.5 g sample [15]. Digestion was performed using a 
microwave digestion device (Anton Paar multiwave 3000 Microwave Reaction System). 
The microwave digestion program is shown in Table 4. 
 

Table 4: Digestion program [15] 

Steps Time [min.]  Efficiency [W]  

1. 00:06:00 400 

2. 00:07:00 250 

3. 00:09:00 550 

4. 00:06:00 650 

Ventillation: 00:10:00 Rotorctrl: on Twist: on 
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STATISTICAL ANALYSIS  
 
the experiment was completed, all experimental data were collected and recorded in an Excel 
format. Data processing was performed using Excel forms. A two-factor variance analysis was 
performed using SPSS version 14. 
 
 

RESULTS AND DISCUSSION 
Cadmium content of mosses  
 
The results of the cadmium content of mosses are shown in Figure 3. In the case of sampling 
point 1, the detection limit for cadmium was reached in 3 out of 6 subsamples. The average 
cadmium content of the subsamples was 0,09 mg/kg. In the case of sampling point 1, one outlier 
was observed, which was 0.50 mg/kg in the subsample Lenti1. For sampling point 2, the cadmium 
concentration in the sub-samples was below the measurement limit. At sampling point 3, the 
cadmium concentration in all five subsamples reached the limit of detection; the highest amount 
×ÁÓ ÍÅÁÓÕÒÅÄ ÉÎ ÓÕÂÓÁÍÐÌÅ %ÇÅÒÖÜÒίȟ ×ÉÔÈ άȢήή ÍÇȾËÇȟ ÁÎÄ ÔÈÅ ÁÖÅÒÁÇÅ ÖÁÌÕÅ ×ÁÓ ΪȢΫέ ÍÇȾËÇȢ 
Statistical analysis showed that the cadmium content of the samples was significantly dependent 
on the sampling location (Table 5). The cadmium content of subsamples at sampling point 3 is 
higher than at sampling points 1 and 2.  
This may be because sampling point 3 is surrounded by two roads (75, 76, second main road) 
and is in a less protected area with more open trees. Thus, the atmospheric transmission of 
pollutants from vehicular traffic can take place unhindered.  
 

 
Figure 3: Cadmium concentration in moss samples[mg/kg] 

 
Compared to the 1997 measurements [16], the results of the current measurements indicate that 
there has been no significant change in concentration at sampling point 1. The results of the 
previous measurements ranged between 0 and 0.2 mg/kg, with an average of 0.09 mg/kg in the 
current measurements. 
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No change can be observed at sampling point 2 either. Based on the values read from the map, 
the cadmium concentration in the collected mosses ranges from 0 to 0.2 mg/kg, and the amount 
of cadmium found in the plants during the current measurement did not exceed the detection 
limit.  
The values obtained at sampling point 3 are also roughly the same, with the old measurement 
showing a value of around 0.2-0.4 mg/kg and the highest value in the current measurement 
being 0.24 mg/kg. 

 
Table 5: Variances table for Cd created with SPSS 14.0  

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. LSD5% 

Corrected 
Model 

.135(a) 7 .019 6.312 .000  

Intercept  .087 1 .087 28.652 .000  

Sampling 
location 

.110 2 .055 18.047 .000 0.048 

Subsumples .019 5 .004 1.224 .327 0.065 

Error .076 25 .003    

Total .282 33     

Corrected 
Total 

.211 32     

 
Co content of mosses  
The results of the cobalt content of mosses are shown in Figure 4. Cobalt was at the detection 
limit in all three sampling points in all subsamples. The cobalt content of the samples collected 
at sampling point 1 ranged from approximately 0.5 to 1.04 mg/kg, with an outlier value of 3.06 
mg/kg in sample 2 from Lenti. The highest values were measured in the samples collected 
ÂÅÔ×ÅÅÎ :ÁÌÁÓÚÅÎÔÂÁÌÜÚÓ ÁÎÄ :ÁÌÁÅÇÅÒÓÚÅÇȢ 4ÈÅ ÈÉÇÈÅÓÔ ÖÁÌÕÅ ×ÁÓ ΰȟΫβ ÍÇȾËÇȢ 4ÈÅ ÃÏÂÁÌÔ 
content of the subsamples from sampling point 3 shows a more uniform picture; no significant 
outliers were found, with an average concentration of 1.28 mg/kg. The cobalt concentrations 
measured in the samples are significantly dependent on the sampling location (Table 6). The 
cobalt content of the subsamples collected at sampling point 2 is substantially higher than the 
values measured at the other two sampling points. No data were found on cobalt from industrial 
emissions, which was responsible for the higher value. Still, most of the samples at this sampling 
point were from soil, which had an average cobalt concentration ranging from 0.05 to 30 mg/kg 
in Zala County, as reported in a national survey conducted in 2011 [17]. The samples were not 
thoroughly cleaned so that the higher cobalt concentration could be due to soil particles 
remaining on the sample.  
Compared to the 1997 measurement [16], the results of the current measurement indicate that 
there has been no significant change in concentration at sampling point 1. The results of the 
previous measurement ranged between 0 and 0.2 mg/kg, with an average result of 0.09 mg/kg 
in the current measurement. 
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No change can be observed at sampling point 2 either. Based on previous measurements [16], 
the cadmium concentration in the collected mosses was between 0 and 0.2 mg/kg, while the 
current measurement did not detect any cadmium in the plants. 
At sampling point 3, we also obtained roughly the same values, as the old measurement [16] 
showed a value of around 0.2-0.4 mg/kg, while the highest value in the current measurement 
was 0.24 mg/kg. 
 

 
Figure 4: Cobalt concentration in moss samples[mg/kg] 

 
Table 6: Variances table for Co created with SPSS 14.0 

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. LSD5% 

Corrected Model 70.034(a) 7 10.005 3.387 .011  

Intercept  150.114 1 150.114 50.824 .000  

Sampling 
location 

57.788 2 28.894 9.783 .001 1.521 

Subsumples 8.631 5 1.726 .584 .712 2.043 
Error 73.840 25 2.954    

Total 304.765 33     

Corrected Total 143.874 32     

 
Cu content of mosses  
The results of the copper content of mosses are shown in Figure 5. For copper, it can also be said 
that the concentration of the element in the samples reached the detection limit at all three 
sampling points.  
At sampling point 1, the average of the measured values was around 8.55 mg/kg, with no outliers. 
The values at sampling point 2 are broadly similar except for one value, which is much lower 
than the average of 9.43 mg/kg, with a total of 0.46 mg/kg of coppÅÒ ÉÎ ÔÈÅ :ÁÌÁÓÚÅÎÔÂÁÌÜÚÓά  
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subsample. For sample point 3, as for sample point 1, there are no significant outliers; however, 
Ô×Ï ÈÉÇÈÅÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ×ÅÒÅ ÆÏÕÎÄ ÉÎ ÔÈÅ %ÇÅÒÖÜÒή ÓÕÂ-ÓÁÍÐÌÅ ÁÔ ΫέȢίή ÍÇȾËÇ ÁÎÄ %ÇÅÒÖÜÒί 
at 12.35 mg/kg. 
The copper concentration measured in the samples does not depend significantly on the 
sampling location (Table 7).   
Compared to previous measurements [16], the current results are as follows. A slight increase 
can be observed at sampling point 1, while the results of previous measurements [16] ranged 
between 4 and 6 mg/kg, compared to the current values of between 8 and 10 mg/kg. 
At sampling point 2, apart from one outlier, the average of the other measurements is 9.43 
mg/kg, which is roughly the same as the results of the previous study [16], which ranged between 
8 and 10 mg/kg. 
At sampling point 3, there is no significant deviation from the previously measured values, which 
indicate a copper concentration of 6-8 mg/kg [16], while the current measurement average is 
10.57 mg/kg. 
The increase in copper concentration can undoubtedly be attributed to the continuous growth 
of the electronics and metal industries, which use copper as a raw material if we consider, for 
example, the fact that during the 1997 measurement [16], there were only two industrial parks 
ÉÎ 6ÅÓÚÐÒïÍ 6ÁÓ ÁÎÄ :ÁÌÁ ÃÏÕÎÔÉÅÓȟ ÃÏÍÐÁÒÅÄ ÔÏ Ô×ÅÌÖÅ ÔÏÄÁÙȢ )Î ÔÈÉÓ ÃÁÓÅȟ ×Å ÈÁÖÅ ÎÏÔ ÙÅÔ 
considered potential sources, such as Ajka, which lacks an industrial park. Still, several 
companies operating in the metal industry are located within the urban area. 
 

 
Figure 5: Copper concentration in moss samples[mg/kg] 

 
Table 7: Variances table for Cu created with SPSS 14.0 

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. LSD5% 

Corrected Model 110.958(a) 7 15.851 2.371 .053  

Intercept  2915.549 1 2915.549 436.166 .000  

Sampling 
location 

21.410 2 10.705 1.601 .222 2.287 
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Subsumples 86.861 5 17.372 2.599 .050 3.074 
Error 167.112 25 6.684    

Total 3221.959 33     

Corrected Total 278.070 32     

 
Ni content of mosses  
The results of the nickel content of mosses are shown in Figure 6. From the graph of the nickel 
measurement results, the measured values at sampling point 1 were around 5 mg/kg, with an 
outlier of 10.3 mg/kg at the Lenti2 sub-sampling point. For sampling point 2, a larger variation 
between the values measured in each sub-sample is evident. The lowest value was 8.12 mg/kg in 
ÔÈÅ :ÁÌÁÓÚÅÎÔÂÁÌÜÚÓά ÓÁÍÐÌÅȟ ÁÎÄ ÔÈÅ ÈÉÇÈÅÓÔ ÖÁÌÕÅ ×ÁÓ ΫβȢαΰ ÍÇȾËÇ ÉÎ ÔÈÅ :ÁÌÁÓÚÅÎÔÂÁÌÜÚÓέ 
sample. At sampling point 3, the values exhibit a uniform pattern, with no outliers; the highest 
ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÉÓ ÆÏÕÎÄ ÉÎ ÔÈÅ %ÇÅÒÖÜÒή ÓÕÂ-sample, at 8.05 mg/kg. For nickel, the measured 
value is significantly dependent on the sampling point (Table 8). The values at sampling point 2 
show values 5-6 mg/kg higher than the results measured at the other two points.  
Compared to the values measured in 1997 [16], the current measurement shows an increase in 
nickel at all three sampling points. 
Compared to sampling point 1, based on the old measurements [16], the nickel content of the 
soil sample is between 2 and 3 mg/kg. In contrast, the current measurements indicate a nickel 
content of the soil sample ranging from 5 to 10 mg/kg. While searching for possible sources, we 
discovered a company (Log Valve Ltd) established in 2008 in the town of Lenti, which 
manufactures fittings and coats its products with nickel compounds [16]. The distance between 
the company and the sampling point is 1.2 km as the crow flies. 
The most significant deviation from the old measurement [16] is observed at sampling point No. 
2, where a concentration of 2-3 mg/kg was recorded; however, the measurement shows a much 
higher average of 13.76 mg/kg. 
This is also due to the rapid industrial development in the metal industry mentioned earlier in 
the case of copper. Nickel is used as a corrosion-resistant coating and as an alloying agent to 
strengthen and harden steel alloys [19]. 
At sampling point 3, the increase is only a few milligrams, with the new measurement averaging 
7.07 mg/kg, while the results of the old measurement [16] are between 3 and 4 milligrams. 
 

 
Figure 6: Nickel concentration in moss samples[mg/kg] 
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Table 8: Variances table for Ni created with SPSS 14.0 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. LSD5% 

Corrected Model 470.869(a) 7 67.267 3.534 .009  

Intercept  2562.386 1 2562.386 134.635 .000  

Sampling 
location 

407.400 2 203.700 10.703 .000 3.860 

Subsumples 43.751 5 8.750 .460 .802 5.187 
Error 475.804 25 19.032    

Total 3654.444 33     

Corrected Total 946.673 32     

 
Pb content of mosses  
The results of the lead content of mosses are shown in Figure 7. For the lead measured at 
sampling point 1, the values between subsamples differ by only a few tenths of a percent. The 
lowest value is 5.48 mg/kg, and the highest value is 7.87 mg/kg. At sampling point 2, the lowest 
values were obtained among the three points, with one sub-sample below the detection limit for 
ÌÅÁÄȟ ÁÎÄ ÔÈÅ ÈÉÇÈÅÓÔ ÖÁÌÕÅ ×ÁÓ ήȢγΪ ÍÇȾËÇȢ !Ô %ÇÅÒÖÜÒȟ ÔÈÅ ÐÉÃÔÕÒÅ ×ÁÓ ÁÌÓÏ ÃÏÎÓÉÓÔÅÎÔȟ ÅØÃÅÐÔ 
for one outlier, which was 7.59 mg/kg in ÔÈÅ %ÇÅÒÖÜÒΫ ÓÕÂÓÁÍÐÌÅȢ &ÏÒ ÌÅÁÄȟ ÔÈÅ ÍÅÁÓÕÒÅÄ ÖÁÌÕÅ 
is significantly dependent on the sampling point (Table 9).  
Based on the results of previous measurements [16], we can conclude that the lead concentration 
has decreased in the areas of the sampling points compared to the earlier study. 
The results of previous measurements [16] at sampling point 1 ranged from 10 to 15 mg/kg, 
whereas the average result of our current measurements is 7.29 mg/kg. 
Previous results [16] at sampling point 2 ranged from 15 to 20 mg/kg, while the average of our 
measurements was 2.04 mg/kg at this point. 
At sampling point 3, values between 15 and 20 mg/kg were also measured in 1997, while the 
average of our current measurements was 4.48 mg/kg. 
We believe that this is due to the widespread use of unleaded gasoline. 
 The use of leaded gasoline was banned in the country on April 1, 1999. Lead emissions in 
Hungary were 695 tons in 1990, 154 tons in 1995, and a total of 37 tons in 2000 [20]. 
 
Comparison of international results with current measurement  
Comparing the results of measurements taken in Hungary in 1997 with those covering Europe, 
the research group found that the nickel, cadmium, and iron content of the samples collected 
was higher on average than in other countries [16]. During our investigations, we compared our 
results with those from 2005 measurements in neighbouring countries [20]. 
Figure 7 also shows that, contrary to previous measurements, cadmium levels are lower than 
those measured in neighbouring countries in 2005.  
However, nickel concentrations in Hungarian samples remain higher than in other European 
countries in the region. 
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In terms of copper concentrations, Hungary ranks second, with only Slovakia measuring higher 
values. 
 

 
Figure 6: Lead concentration in moss samples[mg/kg] 

 
Table 9: Variances table for Pb created with SPSS 14.0 

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. LSD5% 

Corrected Model 178.739(a) 7 25.534 8.462 .000  

Intercept  641.312 1 641.312 212.520 .000  

Sampling 
location 

142.431 2 71.215 23.600 .000 1.537 

Subsumples 35.161 5 7.032 2.330 .072 2.065 
Error 75.441 25 3.018    

Total 906.845 33     

Corrected Total 254.180 32     

 
Of the five countries, the Hungarian sample has the lowest cadmium levels, while the country 
ranks third in terms of lead. 
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Figure 7: International results and current measurement diagram [20] 

 
 
CONCLUSIONS AND RECOMMENDATIONS  
 
Comparing our results to those of the 2005 Europe-wide survey, which included data 
from countries adjacent to the western half of Hungary, we had three expectations 
regarding the results and their comparisons across different locations.  
The first was that sampling location 1 would yield the lowest values for all analysed 
elements. However, it was proven wrong when we found the highest concentration of 
the two elements there. The other three analysed elements did indeed have the lowest 
concentration at location 1, as expected. The second was that location 2 is going to us 
the most contaminated. It was again proven wrong, as only two out of the three 
measurements showed the highest value, and one was the lowest across all locations. 
The third expectation was that we would observe a decrease from the values reported in 
the 1997 survey. We were once again proven wrong; copper and nickel concentrations 
have increased to a small extent.  
The results show that heavy metal concentrations in the air in Western Hungary have 
not increased significantly since 1997. The only increases were in copper and nickel 
levels, which are likely related to the expansion of the metallic and electric industries. 
We recommend further analysis in this area and other parts of the country, taking into 
account the results and contaminants from neighbouring countries. Special attention 
should be devoted to nickel, as its concentration has increased since the last survey and 
is also higher than the concentration in neighbouring countries.  
Soil sampling techniques could be used at the sampling locations to produce a more 
comprehensive and concise set of results. 
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RECOMMENDATIONS 
 
Our measurement results indicate significant differences in the concentrations of some 
aspects between the subsample pairs. We recommend further measurements in this area 
of the country to determine the cause. 
We also recommend further investigations in other parts of the country, considering 
pollutant emissions and measurement results from neighbouring countries. Nickel 
should be treated as a priority factor, as it has shown an increase compared to previous 
measurements and has higher values than those in neighbouring countries. 
Furthermore, it would be advisable to carry out soil sample testing in the sampling areas. 
This would provide a more comprehensive and transparent picture of the pollution 
factors, enabling more accurate results to be obtained. 
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ABSTRACT 
 
As cities increasingly embrace Environmental, Social, and Governance (ESG) frameworks to 
guide sustainability transitions, the risk of greenwashing poses a critical threat to credibility, 
transparency, and long-term impact. This paper examines how urban ESG strategies can be 
undermined by misleading claims, vague targets, or superficial initiatives that fail to deliver 
measurable outcomes. Drawing on case studies from Amsterdam, Copenhagen, San Francisco, 
and Singapore, the study identifies recurring patterns of greenwashing in city-level 
sustainability efforts and analyzes the systemic factors that enable them. 
The paper proposes a set of practical tools to enhance the integrity of urban ESG 
implementation. These include the adoption of standardized indicators (such as ISO 37125), 
independent third -party audits, open-access data platforms, and inclusive governance 
structures that engage citizens and civil society in monitoring and evaluation. Emphasis is 
placed on aligning ESG reporting with verifiable performance metrics to ensure consistency 
between policy narratives and actual environmental and social progress.  
Directly engaging greenwashing enables cities to foster public trust, attract sustainable 
investments, as well as make substantial progress in air quality, climate resilience, and 
biosecurity. The outcomes present important insight to urban policymakers, urban planners, 
and ESG experts committed to developing reliable, evidence-based sustainability strategies 
that align with SDG 11 and SDG 13 goals, as well as overarching targets concerning 
environmental well -being and urban resilience. 
 
Keywords : ESG, greenwashing, urban sustainability, climate governance, transparency, 
environmental health 
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INTRODUCTION  
 
The concept of urban sustainability has undergone significant development over the 
past decades, as the growing population and economic importance of cities have posed 
new challenges to environmental, social, and governance aspects. The concept of 
sustainable development was first widely recognized in the Brundtland Report (1987), 
×ÈÉÃÈ ÄÅÆÉÎÅÄ ÉÔ ÁÓ ȰÄÅÖÅÌÏÐÍÅÎÔ ÔÈÁÔ ÍÅÅÔÓ ÔÈÅ ÎÅÅÄÓ ÏÆ ÔÈÅ ÐÒÅÓÅÎÔ ×ÉÔÈÏÕÔ 
ÃÏÍÐÒÏÍÉÓÉÎÇ ÔÈÅ ÁÂÉÌÉÔÙ ÏÆ ÆÕÔÕÒÅ ÇÅÎÅÒÁÔÉÏÎÓ ÔÏ ÍÅÅÔ ÔÈÅÉÒ Ï×Î ÎÅÅÄÓȱ ɉ7ÏÒÌÄ 
Commission on Environment and Development, 1987). Although the report did not 
focus specifically on cities, it laid the foundation for sustainability thinking and later 
became a guiding principle in urban development strategies. The report emphasized the 
interconnections between economic, social, and ecological processes, forming the basis 
of the three-pillar concept that was officially introduced at the 1992 United Nations 
Conference on Environment and Development in Rio de Janeiro. Today, the original 
three pillars (environment al, social, and economic sustainability) have been expanded 
to include additional dimensions such as cultural sustainability, sustainable public 
policy, and technological sustainability (Greendex). 
At the aforementioned Rio conference, the increasing population and environmental 
burden of cities received special attention, leading to concrete recommendations for 
promoting sustainable urban development in the Agenda 21 document. This document 
emphasized the role of local governments in implementing sustainable development 
goals, which was later formalized in the "Local Agenda 21" program (United Nations, 
1992). 
Since the turn of the millennium, sustainability approaches related to cities have become 
increasingly comprehensive, recognizing that cities play a key role in both global 
emissions and social innovation. Among the United Nations' Sustainable Development 
Goals (SDGs) adopted in 2015, SDG 11 received special emphasis, setting the objective of 
ÍÁËÉÎÇ ȰÃÉÔÉÅÓ ÁÎÄ ÈÕÍÁÎ ÓÅÔÔÌÅÍÅÎÔÓ ÉÎÃÌÕÓÉÖÅȟ ÓÁÆÅȟ ÒÅÓÉÌÉÅÎÔȟ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅȱ ɉ5ÎÉÔÅÄ 
Nations, 2015). SDG 11 opened a new perspective in urban sustainability by placing not 
only environmental but also social dimensions at the centerɂsuch as housing, 
transportation, green spaces, heritage preservation, disaster risk management, and 
community participation. Climate change has been identified as one of humanity's most 
pressing challenges in the modern era, posing serious impacts on the economy, 
ecosystem, and societies worldwide (IPCC, 2022). Cities are especially central to not just 
suffering the negative impact of climate change but also to driving potential solutions, 
thanks to their population density, built -up environment, and economic power 
(Bulkeley et al., 2018). With over 56% of the world's population already living in citiesɂ
a number set to grow significantly by 2050ɂcities form part of any solution strategy to 
overcome sustainability and climate change challenges (United Nations, 2019). 
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Against the backdrop of these complexities, the development of sustainable cityscapes 
has been a priority focus of policy making, with cities across the world increasingly 
embracing holistic methods of managing their environmental, social, and governance 
(ESG) results (Caprotti et al., 2017). The ESG models allow local governments to 
methodically manage and report a wide range of sustainability-related issues, including 
the quality of the environment, energy efficiency, social justice, and participatory 
government (Grewal et al., 2021). These systematic methods promote transparency, 
policy coherence, and the development of accountability, elements that contribute 
ÄÅÃÉÓÉÖÅÌÙ ÔÏ ÍÁËÉÎÇ ÒÅÍÁÒËÁÂÌÅ ÌÅÖÅÌÓ ÏÆ ÁÃÈÉÅÖÅÍÅÎÔ ÉÎ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ Á ÒÅÁÌÉÔÙ ɉ,ĕÐÅÚ-
Arceiz et al., 2017). Additionally, successful implementation of ESG principles in urban 
areas is directly linked with targets set by the United Nations Sustainable Development 
Goals (SDGs), particularly SDG 11 (sustainable cities and communities) and SDG 13 
(climate action), highlighting the relevance of successful urban ESG initiatives globally 
(Sachs et al., 2019).  
4ÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ ÇÒÅÅÎ ÐÏÌÉÃÉÅÓ ÏÖÅÒ ÔÈÅ ÐÁÓÔ ÄÅÃÁÄÅ ÒÅÆÌÅÃÔ Á ÆÕÎÄÁÍÅÎÔÁÌ ÓÈÉÆÔ ÉÎ 
aligning economic growth with environmental sustainability. Announced at the end of 
2019, the European Green Deal aims to make Europe the first climate-neutral continen t 
by 2050. This document is not merely a climate policy framework but a comprehensive 
economic and social transformation program, encompassing energy production, 
transportation, industry, agriculture, biodiversity conservation, and the transformation 
of the built environment (European Commission, 2019). 
One of the key pillars of the Green Deal is achieving carbon neutrality by 2050, a target 
made legally binding by the EU Climate Target (2021). This objective means that the EU 
will not emit more greenhouse gases than it can absorb through natural or artificial 
means. 
The pathway to carbon neutrality is supported by intermediate goals, including a 
minimum 55% reduction in emissions by 2030 compared to 1990 levels, as set out in the 
Ȱ&ÉÔ ÆÏÒ ίίȱ ÌÅÇÉÓÌÁÔÉÖÅ ÐÁÃËÁÇÅ ɉ%ÕÒÏÐÅÁÎ #ÏÍÍÉÓÓÉÏÎȟ άΪάΫɊȢ 4ÈÅ ÁÉÍ ÏÆ &ÉÔ ÆÏÒ ίί ÉÓ ÔÏ 
revise EU laws and introduce new mechanisms to reach these more ambitious climate 
goals. Key elements of the package include expanding the EU Emissions Trading System 
(EU ETS) to road transport and buildings, reforming energy taxation, increasing the 
share of renewable energy, and establishing a Social Climate Fund to support the most 
affected households. 
4ÈÅ %5ȭÓ ÇÒÅÅÎ ÐÏÌÉÃÉÅÓ ÁÉÍ ÎÏÔ ÏÎÌÙ ÔÏ ÍÉÔÉÇÁÔÅ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÉÍÐÁÃÔÓ ÂÕÔ ÁÌÓÏ ÔÏ ÄÒÉÖÅ 
ÅÃÏÎÏÍÉÃ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎȢ !Ô ÔÈÅ ÈÅÁÒÔ ÏÆ ÔÈÅ ÇÒÅÅÎ ÔÒÁÎÓÉÔÉÏÎ ÌÉÅÓ ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ Á ȰÊÕÓÔ 
ÔÒÁÎÓÉÔÉÏÎȟȱ ×ÈÉÃÈ ÓÅÅËÓ ÔÏ ÅÎÓÕÒÅ ÔÈÁÔ ÃÌÉÍÁÔÅ ÁÃÔÉÏÎÓ ÄÏ ÎÏÔ ÅØÁÃÅÒÂÁÔÅ Óocial 
inequalities (European Commission, 2021). To implement carbon neutrality and the 
'ÒÅÅÎ $ÅÁÌ ÉÎ ÐÒÁÃÔÉÃÅȟ ÔÈÅ %5 ÐÌÁÃÅÓ ÓÔÒÏÎÇ ÅÍÐÈÁÓÉÓ ÏÎ ÔÈÅ ÒÏÌÅ ÏÆ ÃÉÔÉÅÓȢ 4ÈÅ Ȱ%5 
Mission: 100 Climate-.ÅÕÔÒÁÌ ÁÎÄ 3ÍÁÒÔ #ÉÔÉÅÓ ÂÙ άΪέΪȱ ÐÒÏÇÒÁÍ ÁÉÍÓ ÔÏ ÍÁËÅ ÁÔ ÌÅÁÓÔ 
100 European cities climate-neutral by 2030, serving as role models for others. The  
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initiative treats cities as innovation testbeds for experimenting with technological, 
social, and governance solutions (European Commission, 2022). 
No green policy would be complete without integrating green finance. The EU 
Taxonomy Regulation (2020) is the first comprehensive framework that defines what 
constitutes an environmentally sustainable economic activity. This is essential for 
investors, banks, and companies to assess environmental risks and avoid greenwashing 
ɉ%ÕÒÏÐÅÁÎ 5ÎÉÏÎȟ άΪάΪɊȢ )Ô ÉÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÈÉÇÈÌÉÇÈÔ ÔÈÁÔ ÔÈÅ ÓÕÃÃÅÓÓ ÏÆ ÔÈÅ %5ȭÓ ÇÒÅÅÎ 
policies requires substantial political and social support. Economic and energy structural 
differences among member states often hinder unified action. This is particularly 
evident in Central and Eastern Europe, where divergent interests and adaptation 
capacities significantly influence the implementation of the Green Deal. 
Nevertheless, the rapid embedding of ESG strategies in urban contexts has also led to 
increased greenwashing-related risks, a process characterized by exaggerated, 
misleading, or unsubstantiated claims to sustainability results (Delmas & Burbano, 2011). 
Greenwashing has the power to substantially undermine the legitimacy of urban 
sustainability efforts by directing funds in the wrong directions, misleading 
stakeholders, and eroding public trust (Marquis et al., 2016). The problem often results 
from inherent  structural weaknesses, ranging from a lack of standard reporting 
frameworks to independent verification, to a lack of adequate public engagement 
mechanisms (Walker & Wan, 2012). 
Addressing the problem of greenwashing in urban settings is key to ensuring 
transparency and enabling meaningful developments around environmental and 
societal objectives. Cities that are effective at using Environmental, Social, and 
Governance (ESG) systems are best placed to access sustainable capital, build public 
trust, and achieve positive results (Handayati et al., 2025). On these grounds, it is also 
paramount to understand how greenwashing manifests in municipal ESG programs and 
how effective measures against it can be implemented, making this subject a valuable 
and pertinent area of research. 
This paper therefore explores patterns and typologies of greenwashing in urban ESG 
strategies, analyzing case studies from Amsterdam, Copenhagen, San Francisco, and 
Singapore, with the aim of providing practical recommendations to enhance the 
integrity and  effectiveness of urban sustainability initiatives. Present the subject of paper 
clearly, indicate the scope of the subject, and present the goals of paper, novelty of 
research work and finally the organization of paper. 
The main contribution of this study is to identify common symbolic or performative 
patterns in ESG communications, evaluate the balance between branding and 
measurable commitments, and provide practical recommendations to enhance the 
transparency and credibility of urban ESG strategies. 
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MATERIALS AND METHODS  
 
The study employed comparative qualitative content analysis of publicly released 
sustainability and ESG reports from the four selected cities of Amsterdam, Copenhagen, 
San Francisco, and Singapore. The selection of cities was based on their excellent record 
of progressive sustainability and geographically and governance diverse contexts, thus 
enabling a comprehensive evaluation of greenwashing and futurewashing inclinations 
in city -level ESG policy. 
The research strategy was to search systematically official ESG and sustainability reports, 
policy reports, strategic city plans, and online platforms provided by municipal 
governments. Publications included annual reports on sustainability, climate action 
plans, urban development strategies, and ESG-related disclosures published under  
international reporting standards like ISO 37125, Global Reporting Initiative (GRI), and 
European Sustainability Reporting Standards (ESRS). 
In both cities, we examined documented sustainability goals, strategies proposed to 
achieve these goals and set performance measures. Special emphasis was given to the 
recognition and categorization of possible greenwashing activities, characterized by 
exaggerated, ambiguous, or unverifiable declarations of sustainability. In addition, 
futurewashingɂwhere promises or commitment to sustainability in the future do not 
contain plausible means or accountability factorsɂwas examined to ascertain the 
validity of future-predicted outcomes. 
A typology matrix was used to group identified cases of greenwashing and futurewashing 
along two dimensions: intentionality (unintentional vs. intentional) and depth of impact 
(symbolic vs. structural measures). This typology enabled the recognition of emerging 
patterns and comparison across the different urban environments. 
Using this systematic document analysis approach, the research aimed to identify 
underlying systemic issues causing greenwashing and futurewashing and thereby 
provide practical recommendations on enhancing transparency, accountability, and 
performance in urban ESG initiatives. 
 
 
RESULTS AND DISCUSSION 
 
Our analysis revealed distinct approaches to ESG and sustainability initiatives among 
the cities of Amsterdam, Copenhagen, San Francisco, and Singapore (Table 1).  
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Table 1: Comparative Overview of Urban ESG Strategies 

City  Strengths  Weaknesses 
Main ESG 

frameworks used  

Amsterdam  

Strong civic engagement, 
innovative citizen 

participation (Amsterdam 
Smart City Initiative)  

Lack of standardized 
performance indicators 

and verification 
ISO 37125, GRI 

Copenhagen  

Ambitious environmental 
goals (Carbon neutrality 

by 2025), robust 
infrastructure initiatives 

(CopenHill)  

Inadequate integration of 
social equity indicators 

ISO 37125, ESRS 

San 
Francisco  

Grassroots innovation 
(urban agriculture, 

composting mandates) 

Fragmented ESG 
reporting, lack of unified 

strategic framework 

CDP Cities, 
Voluntary Local 
Reviews (VLRs) 

Singapore  

Centralized planning, 
integrated data 

dashboards (Green Mark 
standards) 

Limited public 
engagement, top-down 
governance structures 

ISO 37125, GRI, 
CDP Cities 

 
While each city demonstrated significant commitment to sustainability, they exhibited 
varying strengths and vulnerabilities in ESG implementation and communication. 
Amsterdam's Environmental, Social, and Governance (ESG) strategy used effectively 
mobilized social engagement, enabling locals to collectively create sustainability 
projects, especially around mobility and the circular economy (Amsterdam Smart City, 
2023). However, a lack of standard measures within the ESG framework reduces 
transparency and comparability and can lead to greenwashing by means of shallow 
projects that do not have measurable impacts (Delmas & Burbano, 2011). That absence 
highlights the need to increase standardization and sound verification to validate claims 
of the ESG strategy and alleviate stakeholders' skepticism. 
Copenhagen has positioned itself as a leader in environmental efforts, achieving notable 
advancements in infrastructure by developing district heating systems and extensive 
cycling infrastructures (City of Copenhagen, 2023). This strong focus on environmental 
issues, however, has side-lined social concerns, particularly regarding affordable 
housing and gentrification problems. This selective transparency is characteristic of 
structural greenwashing, where the focus on certain successes obscures substantial and 
persistent sustainability challenges (Walker & Wan, 2012). This suggests that urban areas 
must balance their environmental achievements with robust and equitable social 
policies in order to achieve holistic sustainability. 
San Francisco has pursued a range of decentralized sustainability initiatives marked by 
high civil society engagement in urban agriculture and composting rule enforcement  
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(City and County of San Francisco, 2023). Without an overarching Environmental, 
Social, and Governance (ESG) framework, reporting has become fragmented, 
contributing to higher vulnerability to futurewashing ɂa situation where aspirational 
future goals are outlined without strong accountability mechanisms (Marquis et al., 
2016). This fragmentation represents a risk to the city's long-term sustainability path, 
highlighting the importance of integrated, city -wide ESG systems that unite current 
progress and allow credible, accountable goals to shape future developments. Singapore 
has created a highly centralized system of Environmental, Social, and Governance (ESG) 
practices through far-reaching applications of data-driven instruments like the Green 
Mark certific ation of buildings and complex sustainability dashboards (Singapore 
Sustainability Blueprint, 2023). While these technological developments themselves are 
notable, the absence of deep stakeholder engagement has raised concerns of civic 
legitimacy, risking undermining long -term sustainability projects by eroding public 
confidence and responsibility (Handayati et al., 2025).  
Therefore, strengthening participatory governing and stakeholder engagement would 
support the city's master plan of integrated ESG and enhance social acceptance. 
A deeper look into each ESG component across the studied cities reveals how emphasis 
on one pillar often comes at the expense of other (Table 2). Effective and balanced ESG 
implementation depends not only on ambitious environmental goals, but also on 
inclusive social policies and transparent governance mechanisms (Grewal et al., 2019; 
Sachs et al., 2019). 
 

Table 2: ESG Dimension Breakdown by City 
City  Environmental (E)  Social (S) Governance (G)  

Amsterdam  
Energy transition, 
circular economy, 

urban mobility pilots  

Citizen co-design, but 
limited focus on 

housing affordability  

Participatory 
governance, limited 

metrics and evaluation 
follow-up 

Copenhagen  
Carbon neutrality by 

2025, cycling network, 
clean harbors 

Gentrification, housing 
pressure, weak 

integration of equity  

Strong planning, weak 
social reporting 

transparency 

San 
Francisco  

Urban farming, zero-
waste goals, composting 

mandate 

Active NGOs, inclusive 
planning in parts, but 

unequal outcomes 

Fragmented ESG 
responsibility across 

departments 

Singapore  
Green Mark for 

buildings, water & heat 
resilience systems 

Smart nation initiatives, 
limited inclusion of 
marginalized groups 

Real-time dashboards, 
central control, 
minimal civic 
deliberation 

 
Environmental (E): All cities articulated clear environmental priorities, with 
Copenhagen and Singapore demonstrating particularly advanced technical  
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infrastructure and emissions targets (City of Copenhagen, 2023; Singapore Sustainability 
Blueprint, 2023). Amsterdam's innovation pilots lack standardized metrics, while San 
Francisco relies heavily on community-led environmental programs without integrati on 
into a unified framework (Amsterdam Smart City, 2023). Social (S): This pillar remains 
the most inconsistently addressed. Copenhagen and Singapore, despite environmental 
leadership, show limited commitment to social equity indicators, particularly regarding 
housing and inclusion (Walker & Wan, 2012). San Francisco reflects strong community 
participation but uneven outcomes across demographics. Amsterdam stands out in 
participatory design but lacks policies targeted toward vulnerable groups. Governance 
(G): Governance quality varies widely. Singapore uses centralized dashboards and 
national frameworks but offers limited civic participation (Handayati et al., 2025). 
Amsterdam promotes open data and co-creation but lacks strong auditing. San 
&ÒÁÎÃÉÓÃÏȭÓ ÄÅÃÅntralized ESG approach results in institutional fragmentation, while 
Copenhagen emphasizes structured urban planning but underreports social governance 
indicators. These insights support the conclusion that holistic ESG strategies must 
ensure that environmental efforts are balanced by inclusive social planning and strong 
governance practices. Table 3 presents the main forms of greenwashing and 
futurewashing witnessed in the four studied cities and recommends corrective action. 
By this, greenwashing means exaggeration or misrepresentation of environmental and 
social performance by symbolic action, selective disclosure, or skewed branding of 
unfinished projects. It is especially troubling in city government because it can hide 
inaction, deceive citizens and investors, and siphon funds away from optimal strategies 
(Delmas & Burbano, 2011; Grewal et al., 2019). 
 

Table 3: Greenwashing and futurewashing analysis 

City  
Identified 

greenwashing type  
Identified 

futurewashing type  
Recommended 
improvements  

Amsterdam  
Symbolic actions, 

vague targets 
Lack of follow-up on 

citizen-led pilots 

Standardized ESG 
indicators, third -party 

audits 

Copenhagen  
Selective disclosure, 

structural gaps 

Ambitious targets 
without clear social 

outcomes 

Expanded social KPI 
integration  

San 
Francisco  

Fragmented, 
inconsistent 

reporting  

Long-term goals 
without clear roadmap 

Centralized ESG 
reporting, consistent 

metrics 

Singapore  
Structural, top-down 

implementation  

Limited public 
accountability 
mechanisms 

Enhanced stakeholder 
engagement frameworks 
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Greenwashing in Amsterdam is manifestation in the form of highly conspicuous 
branding of sustainability and symbolic pilot projects, but these are often coupled with 
intangible or diffused objectives. For instance, public reports emphasize leading-edge 
solutions to energy but do not report on progress regarding implementation or results. 
This severs image from impact and minimizes institutional trust and citizen 
participation. While Copenhagen performs well in adaptation for climate and circular 
economy, social sustainability dimensions like social equity and housing affordability 
lag behind. Tendencies for selective disclosure result in a selective ESG story that only 
extrapolates the positives of the city and overlooks systemic loopholes. This 
greenwashing distorts the overall sustainability performance and hides critical areas that 
need attention. 
San Francisco is rich in ESG initiatives but poor in an open, overarching reporting 
framework. Piecemeal reports and erratically applied metrics yield a patchwork quilt of 
data that cannot easily be confirmed. This opacity can be seen as a form of procedural 
greenwashingɂwhere there is data, but which does not replace transparency or utility. 
Singapore, by contrast, is the ne plus ultra of structural greenwashing: rigorous 
environmental regulation is being enacted through top-down decision-making but with 
insufficient public engagement or third -party certification. The highly centralized 
strategy has the function of creating the appearance of enhanced environmental 
performance while keeping key feedback loops intact and suppressing dissent. This 
absence of participatory governance is particularly problematic when applied to ESG. 
Greenwashing destroys the integrity of ESG initiatives in each city.  Far from being 
outright dishonesty, however, it can be by way of omission, overstatement, or deflection. 
The solution lies in the development of harmonized guidelines of ESG that mandate 
transparent, externally audited disclosure and participatory monitoring. Consolidating 
democratic politics and ensuring people's voices direct the agenda of ESG are also 
paramount to true urban sustainability (Walker & Wan, 2012; Handayati et al., 2025). 
By identifying some of the symbolic or deferred action patterns, urban ESG approaches 
can be optimized to reduce reputation risk and achieve tangible impact.  
The consideration focuses on the need not only to have ESG commitments but to make 
their measurable, verifiable, and fair implementation possible. 
)ÔȭÓ ×ÏÒÔÈ ÌÏÏËÉÎÇ ÁÔ ×ÈÁÔȭÓ ÒÅÁÌÌÙ ÂÅÈÉÎÄ ÔÈÅ ÂÕÚÚ×ÏÒÄÓȢ %ÓÐÅÃÉÁÌÌÙ ÉÎ ΈÓÍÁÒÔ ÃÉÔÙΈ 
initiatives, digitalization and high -tech solutions often take center stage, while questions 
of equity or community involvement get pushed aside. 
0ÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ȰÓÍÁÒÔ ÃÉÔÙȱ ÉÎÉÔÉÁÔÉÖÅÓȟ ÔÈÅÒÅ ÉÓ Á ÇÒÏ×ÉÎÇ ÃÒÉÔÉÑÕÅ ÔÈÁÔ 
digitalization and surveillance tools are prioritized over participatory governance or 
social justice. This technocratic framing risks marginalizing citizens who are less 
digitally literate or lack access to the necessary infrastructure (Kitchin, 2014). 
Beyond branding, these narratives also shape which issues get prioritized in urban policy 
ÁÇÅÎÄÁÓȢ 4ÈÅ ÒÅÐÅÁÔÅÄ ÕÓÅ ÏÆ ÔÅÒÍÓ ÌÉËÅ ȰÇÒÅÅÎȱ ÏÒ ȰÉÎÃÌÕÓÉÖÅȱ ÃÁÎ ÏÂÓÃÕÒÅ ÍÏÒÅ ÃÏÍÐÌÅØȟ  
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uncomfortable questionsɂsuch as the displacement effects of urban greening or the 
social costs of rapid digitalization (Hajer, 1995). 
)Î ÔÈÅ ÒÅÁÌÍ ÏÆ ÕÒÂÁÎ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙȟ ×ÏÒÄÓ ÍÁÔÔÅÒȢ %ØÐÒÅÓÓÉÏÎÓ ÌÉËÅ ȰÃÌÉÍÁÔÅ ÎÅÕÔÒÁÌȱȟ 
ȰÇÒÅÅÎ ÃÉÔÙȱȟ ȰÉÎÃÌÕÓÉÖÅȱȟ ÁÎÄ ȰÓÍÁÒÔ ÃÉÔÙȱ ÁÒÅ ÕÂÉÑÕÉÔÏÕÓɂfrom city branding campaigns 
to ESG reports. They paint a compelling vision of better urban futures but often remain 
detached from measurable progress. These buzzwords serve as strategic tools in place-
branding, designed to attract investors, increase visibility, or project leadership in 
sustainability transitions. However, without robust data, transparent accountability, 
and real follow-through, such narratives risk becoming hollowɂsymbolic gestures 
rather than substantive commitments. For example, a city may pledge to become 
ȰÃÌÉÍÁÔÅ ÎÅÕÔÒÁÌȱ ÂÙ άΪέΪ ÙÅÔ ÐÒÏÖÉÄÅ ÌÉÔÔÌÅ ÃÌÁÒÉÔÙ ÏÎ ÃÁÒÂÏÎ ÁÃÃÏÕÎÔÉÎÇ ÏÒ ÒÅÌÙ ÈÅÁÖÉÌy 
on offsetting rather than actual emission reductions. The widespread repetition of these 
terms may reflect shared ambition but also reveals a superficial alignment with global 
sustainability discourseɂrather than genuine transformation in urban governance and 
practice (Joss, 2011). 
Moreover, such narratives are often constructed top-down, leaving little room for 
grassroots participation or co-creation. Many citizens, as a result, feel alienated from 
these sustainability agendas, seeing them as abstract, technocratic, or externally 
imposedɂrather than grounded in local relevance and lived experience. 
A comparative look at the official websites of four cities reveals how sustainability is 
framed in their self-narratives, often combining strategic branding with policy 
messaging: 
Amsterdam positions itself as a pioneer in sustainable urban development. The city 
adopts the "doughnut economic model," aiming to balance human well-being with 
ecological sustainability. Amsterdam's official communications highlight its goal to 
become a fully circular city by 2050, emphasizing initiatives like reducing raw material 
usage and promoting citizen participation in sustainability efforts (amsterdam.nl, 
iamsterdam.com, time.com). 
Copenhagen brands itself as a leader in green living, with ambitions to become the 
world's first carbon-neutral capital by 2025. The city's narrative focuses on its extensive 
cycling infrastructure, renewable energy initiatives, and community engagement 
programs like the "CopenPay" scheme, which rewards tourists for eco-friendly actions 
(theguardian.com, thescottishsun.co.uk). 
San Francisco emphasizes resilience and community-driven sustainability. The city's 
official platforms showcase initiatives like the Climate Action Plan and the "Yes SF" 
challenge, which encourages local innovators to develop sustainable solutions. San 
Francisco's narrative underscores its commitment to equity, environmental justice, and 
open data transparency (weforum.org, onesanfrancisco.org). 
Singapore presents a centralized and strategic approach to sustainability through the 
"Singapore Green Plan 2030." The government's narrative focuses on a "whole-of-nation"  
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movement, detailing specific targets such as planting one million trees and reducing 
waste sent to landfills by 30% by 2030. The emphasis is on structured planning and 
measurable outcomes, with less focus on grassroots participation (gov.sg, 
greenplan.gov.sg).  
Looking ahead, there is a pressing need for narratives that are less performative and 
ÍÏÒÅ ÃÏÎÎÅÃÔÅÄ ÔÏ ÅÖÅÒÙÄÁÙ ÕÒÂÁÎ ÒÅÁÌÉÔÉÅÓȢ #ÏÎÃÅÐÔÓ ÓÕÃÈ ÁÓ ȰÊÕÓÔ ÔÒÁÎÓÉÔÉÏÎȱȟ 
ȰÃÏÍÍÕÎÉÔÙ ÒÅÓÉÌÉÅÎÃÅȱȟ ÏÒ ÅÖÅÎ ȰÓÌÏ× ÃÉÔÉÅÓȱ ÍÁÙ ÏÆÆÅÒ ÍÏÒÅ ÈÏÎÅÓÔȟ ÉÎÃÌÕÓÉÖÅȟ ÁÎÄ 
transformative stories for guiding sustainability. 
 
 
CONCLUSION 
 
As cities increasingly commit to sustainability, ESG frameworks can be powerful tools 
for real progressɂbut only if they are backed by transparency, accountability, and 
genuine local engagement. Our analysis of Amsterdam, Copenhagen, San Francisco, and 
Singapore shows that even the most forward-looking cities are not immune to the risks 
of greenwashing. Symbolic language, vague promises, and fragmented reporting often 
create a polished narrative that doesn't fully reflect the reality on the ground. 
The takeaway is simple: ambition without clarity leads to mistrust. Terms like "smart 
city," "green city," or "climate neutral" sound inspiring but risk becoming empty if they 
are not tied to clear indicators, measurable outcomes, and inclusive practices. 
'ÒÅÅÎ×ÁÓÈÉÎÇ ÉÓÎȭÔ ÁÌ×ÁÙÓ ÉÎÔÅÎÔÉÏÎÁÌɂit can also come from systemic blind spots or 
overconfidence in branding rather than substance. 
4ÈÁÔȭÓ ×ÈÙ ÃÉÔÉÅÓ ÎÅÅÄ ÍÏÒÅ ÔÈÁÎ ÊÕÓÔ ÇÏÁÌÓɂthey need robust frameworks that include 
standardized indicators (like ISO 37125), third-party verification, open-access data, and 
ÐÁÒÔÉÃÉÐÁÔÏÒÙ ÇÏÖÅÒÎÁÎÃÅ ÔÈÁÔ ÇÉÖÅÓ ÃÉÔÉÚÅÎÓ Á ÒÅÁÌ ÖÏÉÃÅȢ 4ÈÅÓÅ ÁÒÅÎȭÔ ÊÕÓÔ ÔÅÃÈnical 
checkboxesɂthey are the foundation of authentic, credible sustainability work. 
Looking ahead, the challenge is not to tell a perfect story, but to build a trustworthy one. 
! ÃÉÔÙȭÓ %3' ÎÁÒÒÁÔÉÖÅ ÓÈÏÕÌÄ ÒÅÆÌÅÃÔ ÌÉÖÅÄ ÅØÐÅÒÉÅÎÃÅÓȟ ÉÎÖÉÔÅ ÃÏÌÌÁÂÏÒÁÔÉÏÎȟ ÁÎÄ ÓÔÁÙ 
open to improvement. Recognizing and addressing greenwashing is not about pointing 
fingersɂÉÔȭÓ ÁÂÏÕÔ ÃÒÅÁÔÉÎÇ ÓÐÁÃÅ ÆÏÒ ÍÅÁÎÉÎÇÆÕÌ ÃÈÁÎÇÅ ÁÎÄ ÍÁËÉÎÇ ÓÕÒÅ ÎÏ ÏÎÅ ÇÅÔÓ 
left behind in the transition.  
Despite its insights, this study is subject to several limitations. The analysis focused 
primarily on publicly available documents and municipal self-reporting, which may not 
fully reflect behind -the-scenes governance dynamics or contested perspectives. The 
comparative scope, though diverse in geography and governance models, included only 
four cities, which limits generalizability. Additionally, while content analysis revealed 
recurring greenwashing patterns, the absence of direct stakeholder interviews or citizen 
perspectives restricts our ability to assess how these narratives are experienced locally. 
Future research could deepen the analysis by incorporating participatory methods, 
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longitudinal data, and comparative metrics across a broader range of urban contexts to 
further validate and refine the typologies introduced here. 
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ABSTRACT 
 
The contamination of groundwater and food sources with inorganic arsenic has made arsenic 
toxicity a significant global public health concern. Prolonged exposure to arsenic through drinking 
water in various regions of South Asia, Southeast Asia, and parts of Latin America has led to severe 
health impacts. Arsenic-polluted drinking water in Pakistan poses an extremely dangerous threat. 
Arsenic toxicity is associated with a range of chronic illnesses, including skin, lung, liver, and 
bladder cancers, as well as cardiovascular diseases, diabetes, and neurodevelopmental disorders. 
This study delves into the lingering dose-dependent toxic effects of arsenic in the liver and brain of 
mice. Previous studies have shown that mouse models are valuable for examining the effects of 
arsenic exposure on liver function and brain histopathology. By employing controlled experimental 
designs, researchers can replicate human exposure scenarios and study the biochemical and 
morphological changes that result from arsenic exposure. This study examined the effects of 
arsenic on four groups at three different concentrations compared to a normal group of mice. 
Additionally, the toxicity of arsenic was assessed through various physical tests such as the forced 
swim test, tail suspension, and sucrose preference test to gauge the level of depressive behavior. 
Furthermore, two important liver enzymes, alkaline phosphatase and bilirubin, were analyzed 
using ELISA. However, the estimation of liver enzymes revealed that the level of ALP and bilirubin 
was already high in both the control and the treated mice. These findings were further investigated 
by statistical analysis using ANOVA, and the observed differences in arsenic concentrations 
among these groups were not statistically significant. Subsequently, a histopathological 
examination of the cerebrum of the brain was conducted to assess the through H&E staining on 
histology slides, which revealed dose-dependent progressive tissue necrosis. However, further 
qualitative and quantitative research will also be helpful for the validation of these results. 

 
Keywords : Arsenic (As), mice model, ELISA, Brain Histopathology, ANOVA. 
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INTRODUCTION  
 
Arsenic is one of the most well-known carcinogens and a common toxic material in the 
environment. Extended exposure to arsenic poses a serious threat to global health, affecting an 
estimated 100 million people worldwide, primarily as a result of the gradual contamination of 
groundwater. According to the study carried out by Pakistan Council Research in Water 
Resources (PCRWRs), heavy metal concentrations in drinking water samples were found to be 
elevated all over Pakistan [1, 2]. Drinking arsenic-tainted water poses a major health danger to 
the people living in Pakistan [3]. Sindh province in Pakistan has water sources with escalation-
rate levels of arsenic, which has drawn attention to the declining quality of groundwater, 
Pakistan's primary supply of drinking water, which has issued a warning over the potential for 
outbreaks and epidemics [4]. Metalloid Arsenic, which is present widely in both organic and 
inorganic forms, produces a complicated web of toxicological effects that are pertinent to 
general public health. The minor factors that determine how complicated its impact include 
dose-response relationships, temporal aspects of exposure duration, and the frequency of 
exposure to certain environmental toxins [5]. Humans are exposed to arsenic through tainted 
food, drink, soil, and workplace supplies. They are frequently drinking As-contaminated water 
ÁÂÏÖÅ ÔÈÅ ÐÅÒÍÉÓÓÉÖÅ ÌÉÍÉÔ ɉΫΪ ʏÇ,ЖΫɊ ÓÅÔ ÂÙ ÔÈÅ 7ÏÒÌÄ (ÅÁÌÔÈ /ÒÇÁÎÉÚÁÔÉÏÎ ɉ7ÏÒÌÄ (ÅÁÌÔÈ 
Organization (WHO), 2000). Arsenic poisoning has not only created human suffering and death, 
but it has also become a socio-economic problem for the affected countries [6, 7]. Arsenic is 
linked to a host of health problems, such as skin lesions, hypertension, ischemia, diabetes, severe 
arteriosclerosis, neuropathy, and multiple types of human cancer [8]. Exposure to arsenic 
remains undetectable due to its physical properties (it has no color, smell, or taste), especially 
when ingested with drinking water [9]. As-exposure to humans and animals can cross the blood-
brain barrier, where they accumulate and persuade the generation of reactive oxygen species 
(ROS) in the brain [10]. It has been reported that the As exposure induces anxiety-like disorders, 
deficits in spontaneous locomotor activity, and spatial memory in the experimental animals [11]. 
Neurological and cognitive dysfunctions depend on the concentration and length of As 
exposure. It has been reported that the continuous As-exposure from moderate to high doses 
affects the intellectual function in children, and the rela tionship between As-exposure and 
cognition in children is age dependent [12]. 
Previous studies demonstrated that the mouse models were a valuable tool for studying the 
effects of arsenic exposure on both liver function and brain histopathology. Through controlled 
experimental designs, researchers can mimic human exposure scenarios and investigate the 
biochemical and morphological changes that occur in response to arsenic [13]. The amount of 
arsenic in the mice's brain and liver was also examined. Recent studies have revealed that after 
repeatedly being exposed to arsenic, the circulating metabolites cause damage in the mice brain 
[14]. Nonetheless, further research is required to determine the correlation between the dose of 
arsenic and its toxicity to the intended organ. Comprehending the distinct histological impact 
of arsenic on individual organs is imperative in order to comprehend the intricate process of 
arsenic-mediated toxicity in mammals. Currently, the gold standard for assessing the extent of 
organ damage following long-term metal exposure is organ-specific histological assessment [15]. 
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In the present study, we aim to perform a detailed analysis of the ability of arsenic exposure 
through drinking water to induce effects in the liver and brain. The animal model, mice, was 
exposed to arsenic in drinking water at various doses and for certain lengths of time, and then 
certain physical tests, such as the forced swim test, tail suspension test, and sucrose preference 
test, were performed. Moreover, the hepatic enzyme evaluation with the help of ELISA and brain 
histopathology through H&E stainin g was carried out between treated and control (drinking 
×ÁÔÅÒ ÁÌÏÎÅɊ ÇÒÏÕÐÓȢ 'ÅÎÅÒÁÌÌÙȟ ÔÈÅ ÌÉÖÅÒ ÉÓ ÔÈÅ ÖÉÔÁÌ ÂÏÄÙȭÓ ÃÅÎÔÒÁÌ ÏÒÇÁÎ ÆÏÒ ÄÅÔÏØÉÆÉÃÁÔÉÏÎ ÁÎÄ 
metabolism and plays a critical role in processing arsenic. However, this process can also lead to 
alterations in liver enzyme activities, oxidative stress, and liver damage, impacting overall liver 
function. In addition to its hepatotoxic effects, arsenic exposure is known to affect the brain as 
well. The central nervous system is particularly vulnerable to toxic insults due to its high lipid 
content and extensive vascularization, which facilitates the transport of arsenic into brain 
tissues. Chronic exposure to arsenic can lead to neurotoxicity, manifesting in changes in brain 
histopathology such as neuronal degeneration, glial cell activation, and disruptions in synaptic 
integrity. These alterations can contribute to cognitive deficits, behavioral changes, and an 
increased risk of neurodegenerative diseases. 
This article aims to explore the dual impact of arsenic on liver enzymes and brain histopathology 
in mice, providing insights into the mechanisms underlying arsenic toxicity and highlighting the 
potential risks posed by environmental arsenic exposure. Understanding these effects is crucial 
ÆÏÒ ÄÅÖÅÌÏÐÉÎÇ ÐÒÏÔÅÃÔÉÖÅ ÓÔÒÁÔÅÇÉÅÓ ÁÎÄ ÔÈÅÒÁÐÅÕÔÉÃ ÉÎÔÅÒÖÅÎÔÉÏÎÓ ÔÏ ÍÉÔÉÇÁÔÅ ÁÒÓÅÎÉÃȭÓ ÁÄÖÅÒÓÅ 
health impacts. Nonetheless, further research is required to determine the correlation between 
the dose of arsenic and its toxicity to the intended organ. 
This metalloid's mode(s) of arsenic will be defined, and the ambiguity in the risk assessment will 
be decreased with a deeper comprehension of the effect of arsenic on target organs, with a focus 
on tissue architecture observation at crucial places. 

 
 
MATERIALS AND METHODS  
 
Chemicals:  
Arsenic was provided by Merck chemical, which was 99.9% truce metal basis with CAS number 
7440-38-2. The best grade of commercially available chemicals was utilized throughout the 
study. Double distillation was used on the water. 
 

Animal Model:  
The Animal Division of Al -Tibri  Medical College provided the Swiss albino mice gender 
unspecific. Ethical approval for animal use for this study was assessed by Ziauddin University for 
Science and Technology. The selection criteria for the mice model (i) Only Swiss albino-specific 
trait  mice (ii) Specific age group of six weeks old, whereas the exclusion criteria were set as (i) 
mice with pre-existing health conditions (ii) Mice that did not belong to the specified age group. 
The mice (5 mice per cage) were housed in cages after being chosen at random. Mice were 
acclimatized for seven days in the laboratory conditions with controlled environmental factors 
such as temperature, humidity, etc., in a 12-hour dark-light cycle. After acclimating for seven  
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days, the mice were split into four groups. The first group was used as a control, which was 
treated with distilled water, and the other three mice groups were exposed to arsenic metal 
solution (As) at different concentrations. The experiment was designed to expose three groups 
to arsenic-containing water from low dosage to high dosage in 30, 150, and 300 ppb for the time 
period of 20 days. Everyday consumption of water by mice was carefully calculated and 
presented in supplementary table 1. 
 

Physical Test of Animal Model:  
The well-established physical behavioral aspects to assess the impact of arsenic exposure were 
conducted on four groups of mice models. 
 

Forced Swim Test:  
The mice were treated with different doses of arsenic, and their behavior was assessed for 
depression-like traits using the Forced Swim Test. A cylindrical jar filled with water was used for 
each individual mouse. A set amount of time was used, which was set to be 6 minutes to measure 
the immobility, which is defined as not actively swimming or making any movements associated 
with escaping. Elevated immobility duration is a behavioral marker for depression symptoms in 
rodents and is indicative of a despair-like state. Immobile time indicates the resting period (no 
attempts for survival) of mice, and mobile time indicates the time during which mice made 
attempts to escape the situation. 
 

Tail Suspension Test:  
An additional measure to evaluate depressive-like behavior following arsenic exposure was the 
Tail Suspension Test. Every mouse was kept suspended by its tail, and the length of time it was 
immobile, that is, it did not move its limbs or body, was recorded. Long-term TST immobility is 
a sign of behavioral despair and is widely used to assess the effects of different stressors, 
including exposure to toxins. The mice were suspended in air four times, and their mobility and 
immobility were checked. 
 

Sucrose Preference Test:  
The Sucrose Preference Test was employed to assess hedonic behavior, a symptom associated 
with depression, in mice subjected to arsenic exposure. Mice were presented with a choice 
between water and a sucrose solution. The percentage of sucrose consumption relative to total 
fluid intake over a specified duration of 24 hours. Two bottles were placed in each cage, one 
containing normal distilled water while the other containing sucrose water. 
 

Liver Biochemical Parameters:  
Immediately after the mice were sedated, capillary tubes were used to take blood samples from 
the medial retro-orbital venous plexus. Serum liver enzyme activity was measured using an 
analyzer (CHEM-5 V3, Erba, Mannheim, Germany) and by commercially available kits, in 
accordance with the corresponding manufacturer's procedure for the serum ALP and Bilirubin 
activity.  
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Histopathological Analysis:  
Five brain cerebrum segments from each group were immediately sacrificed and stored in 70% 
ethanol until embedding. The brain segments were then fixed in 10% neutral buffered formalin 
solution. After being dehydrated in a progressively stronger alcohol solution, the samples were 
automatically integrated using a Shandon-Duplex-Processor. Ultimately, paraffin blocks were 
used to implant the prepared specimens. Sections were rehydrated in decreasing grades of 
ethanol down to distilled water after being cut at Á ί ЪÍ ÔÈÉÃËÎÅÓÓ ÕÓÉÎÇ Á ,ÅÉÔÚ ÒÏÔÁÒÙ ÍÉÃÒÏÔÏÍÅ 
and deparaffinized in xylene. These were dehydrated in increasing ethanol grades, cleaned in 
ØÙÌÅÎÅȟ ÁÎÄ ÃÏÁÔÅÄ ×ÉÔÈ %ÕËÉÔΏ ÂÅÆÏÒÅ ÂÅÉÎÇ ÓÔÁÉÎÅÄ ×ÉÔÈ (Ǫ%Ȣ 4ÈÅ ÏÖÅÒÁÌÌ ÈÉÓÔÏÌÏÇÉÃÁÌ ÓÔÒÕÃÔÕÒÅÓ 
were investigated using hematoxylin and eosin (H&E) staining. Using an imaging system 
consisting of a digital camera (Leica EC3, Leica Microsystems) and light microscope (Leica DM 
LB, Leica Microsystems, Wetzlar, Germany), digital photomicrographs were captured. 
 
 

STATISTICAL ANALYSIS: 
The data were examined independently for mean concentrations of LFT enzymes between the 
treated and control group. By using the analysis of variance test, significant differences were 
assessed (ANOVA). The difference was considered significant when P < 0.05. 

 
 
RESULTS 
 
Mobility test:  
A transparent container filled with water was used to conduct the forced swim test, and all the 
groups were acclimatized for 30 minutes. Each group of mice had four individual tests in which 
their mobility and immobility were noted for half an hour.  
The result showed that the mice in the treatment groups with the highest arsenic dose were 
found to be more immobile and did not attempt to swim; hence, they had the longest immobility 
time of 200 seconds compared to the group of mice with consecutively lower arsenic doses as 
compared to the control group, which has the least immobility time of approximately 130 
seconds.  
This demonstrates that compared to mice in treatment groups, the mice in the control group 
were healthier and more active. Every mouse in the treated groups exhibited depressive-like 
behavior, with the least active mice receiving 300 ppb treatment as shown in Figure 1, and all the 
details are given in supplementary table 2. 
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Figure 1: Mobility time test results show the inclination in immobility time with an 

increase in arsenic concentration and vice versa. The group of mice which were treated 
with highest arsenic conc. (300bbp) found to be more immobile and depressive. 

However, the treated group with least arsenic conc. were found to be highly mobile 
and less depressing. 

 

Tail Suspension Test:  
To further confirm the mental state of mice across all groups, the tail suspension test (TST) was 
conducted following the field test (FST). The mobility and immobility of the mice were assessed 
throughout four periods of air suspension.  
The group of mice treated with 300 parts per billion arsenic was the least active of all the groups, 
with the immobility time of 200 seconds, whereas the control group was found to be the most 
active, with the longest mobility time presented in Figure 2 through a bar graph, and details are 
presented in supplementary table 3.  
The mice groups given arsenic dosage also exhibited depressed behavior, according to this 
behavioral test. The increased immobility time of the 300 ppb group reflected that the highest 
arsenic dose induced depressed-like behavior in mice. 
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Figure 2: It depicts the results of tail suspension test in which the highest arsenic 

treated group 300ppb were the most immobile, unresponsive 300bbp and depressive 
mice and vice versa. 

 

Sucrose Preference Test:  
A sucrose preference test was conducted to analyze the mental stability of mice in all groups. 
SPT is based on the fact that normally a mouse prefers sweet water over normal water due to its 
natural preference towards sweet. The test was conducted for the duration of approx. 24 hours, 
and the remaining volumes were measured from the bottles. The test concluded that mice in 
the control group consumed mostly sweet water (75 ml), whereas the mice group treated with 
150 and 300 ppb arsenic did not prefer sucrose water; rather, they mostly consumed normal 
distilled water up to 30 ml and 63 ml, as given in Figure 3 and supplementary table 3.  
A decreased preference for the sweetened solution is considered an indicator of anhedonia, 
reflecting a reduced ability to experience pleasure. Hence this test also proves that the mice 
present in treated groups had developed depressive behavior. 
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Figure 3: SPT represents the mental stability of mice. The decline in sucrose 
consumption can be observed by increasing treatment of arsenic in mice which means 

that the highest arsenic treated mice 300ppb group of mice shows abnormally less 
sucrose preference and half than the normal 

 

Biochemical analysis was performed through Enzyme -Linked Immunosorbent 
Assay (ELISA) technique.  
The LFT enzyme metrics, especially the bilirubin and alkaline phosphate, were measured to 
estimate the arsenic effect on the liver in mice. The levels of total bilirubin were recorded as 
higher than normal in all mouse groups, including the control. It was observed that the 
measurement of bilirubin and ALP was insignificant and found to be in normal ranges before 
and after treatment as shown in Figure 4 and Figure 5. 
 
 

300PPB 
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Figure 4: The levels of Alkaline Phosphate (mg/dl) in the various mouse groups 

indicate that there is no statistically significant difference in Alkaline Phosphate levels 
between the treated and untreated mouse groups. 

 

 
Figure 5: Bilirubin levels (mg/dl) mice groups that revealed that the levels of total 
bilirubin were recorded higher than normal in all mice groups including control.  
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Histopathological Investigation  
The section of the brain showing a normal, uninfected, healthy brain section where all the cells 
are intact and nuclei are in normal shape and size in the control group. However, the brain 
section from the group of mice treated with 30 ppb As revealed that the nuclei of cells were 
starting to disappear and lost their shape. The cytoplasmic areas of the cell showed inconsistent 
brown regions of cell necrosis, and the cells were on the eve of damage. Subsequently, the brain 
section of mice treated with the increased arsenic dose at 150 ppb presented the dissociated cells 
with a scale-up effect of necrosis. Relatively, the fourth treatment at 300 ppb of As indicated the 
aftermath of necrosis, as the few neurons that remained had no nucleus, as shown in Figure 6. 
 

 
Figure 6: The microscopic analysis of hispathological sections of cerebrum of brain 

revealed that (A) the control group: cells are intact with normal nuclei (B) the 30ppb 
ÓÈÏ×Ó ÃÅÌÌÓ ÌÏÓÔ ÉÔÓ ÓÈÁÐÅ ×ÉÔÈ ÆÅ× ÎÕÃÌÅÉ ɉ#Ɋ !Ô ΫίΪÐÐÂȡ ÔÈÅ ÓÅÃÔÉÏÎ ÏÆ ÍÉÃÅȭÓ ÂÒÁÉÎ 

with the increased arsenic dose presented the dissociated cells with scale up effect of 
necrosis (D) At 300bbp, indicated area of necrosis as the few neuronal cells were 

remained with no nucleus. 
 
 

STATISTICAL ANALYSIS 
 
The obtained p-value, which exceeds the conventional significance threshold of 0.05, suggested 
that there is insufficient evidence to reject the null hypothesis in the case of BUN. The context 
of the study assessing the levels of liver function tests (LFTs) across various groups revealed that  
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the observed differences in arsenic concentrations among these groups are not statistically 
significant. In scientific terms, a p-value greater than 0.05 indicates that the observed data are 
consistent with the null hypothesis, which posits no significant difference in LFT levels among 
the groups. Therefore, there was insufficient evidence to reject the null hypothesis and conclude 
that the variations in arsenic concentrations across the different groups do not reach a level of 
statistical significance. 
 
 

DISCUSSION 
 
A common environmental toxin that causes major health concerns to both humans and animals 
is arsenic, a naturally occurring metalloid that can be found in soil, water, and the air [16]. The 
use of pesticides containing arsenic, mining operations, and industrial processes are the main 
causes of arsenic contamination, which is a global problem. In Pakistan, arsenic contamination 
in drinking water is also becoming critical. The issue of arsenic contamination came to 
widespread attention in Pakistan during the late 1990s when studies revealed dangerously high 
levels of arsenic in groundwater in various parts of the country, particularly in the provinces of 
Punjab and Sindh [17]. Since then, numerous surveys and studies have confirmed that many 
communities are consuming water with arsenic concentrations well above the World Health 
/ÒÇÁÎÉÚÁÔÉÏÎȭÓ ɉ7(/Ɋ ÇÕÉÄÅÌÉÎÅ ÏÆ ΫΪ ÍÉÃÒÏÇÒÁÍÓ ÐÅÒ ÌÉÔÅÒȢ )Î ÓÏÍÅ ÁÒÅÁÓȟ ÁÒÓÅÎÉÃ ÌÅÖÅÌÓ ÅØÃÅÅÄ 
50 micrograms per liter, posing serious health risks to the affected populations [18]. 
Numerous acute and long-term health problems can result from arsenic exposure, especially 
when it comes to the inorganic forms of the metal, like arsenite (As3+) and arsenate (As5+). After 
ingesting, breathing in, or coming into touch with the skin, arsenic enters the body through the 
bloodstream and travels to different organs, where it can have highly harmful consequences [19]. 
The toxic effects of arsenic on liver function and brain histopathology have been well-
documented in various studies, highlighting the metalloid's ability to induce significant 
biochemical and structural changes in these critical organs [20]. In the liver, arsenic exposure is 
known to disrupt normal metabolic processes, particularly by affecting the activity of liver 
enzymes that are vital for detoxification and metabolic regulation [21]. 
The liver is the primary site for the biotransformation of arsenic, where it undergoes methylation 
and reduction processes facilitated by various enzymes, including glutathione S-transferase 
(GST) and cytochrome P450 enzymes. However, chronic arsenic exposure can lead to oxidative 
stress by generating reactive oxygen species (ROS), which in turn affects the functionality of 
these enzymes [22]. For instance, studies have shown that arsenic can inhibit the activity of key 
liver enzymes such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST), 
both of which are critical markers of liver function. Elevated levels of these enzymes in the 
bloodstream are often indicative of liver damage, as they leak out of hepatocytes that are 
compromised by arsenic-induced oxidative stress and cellular damage [23]. 
-ÏÒÅÏÖÅÒȟ ÁÒÓÅÎÉÃ ÈÁÓ ÂÅÅÎ ÒÅÐÏÒÔÅÄ ÔÏ ÉÎÔÅÒÆÅÒÅ ×ÉÔÈ ÔÈÅ ÌÉÖÅÒȭÓ ÁÎÔÉÏØÉÄÁÎÔ ÄÅÆÅÎÓÅ ÓÙÓÔÅÍȢ )Ô 
reduces the levels of glutathione (GSH), a crucial antioxidant that helps in neutralizing ROS, 
thereby exacerbating oxidative damage. The depletion of GSH and the inhibition of associated 
ÅÎÚÙÍÅÓ ÌÉËÅ '34 ÆÕÒÔÈÅÒ ÉÍÐÁÉÒ ÔÈÅ ÌÉÖÅÒȭÓ ÁÂÉÌÉÔÙ ÔÏ ÄÅÔÏØÉÆÙ ÁÒÓÅÎÉÃȟ ÌÅÁÄÉÎÇ ÔÏ ÁÎ ÁÃÃÕÍÕÌÁÔÉÏÎ  
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of toxic arsenic species in the liver and other tissues. These biochemical disruptions are not only 
indicative of hepatotoxicity but also suggest a potential for long-term liver dysfunction in cases 
of chronic arsenic exposure [10]. 
In addition to its hepatotoxic effects, arsenic exerts significant neurotoxic effects, leading to 
ÃÈÁÎÇÅÓ ÉÎ ÂÒÁÉÎ ÈÉÓÔÏÐÁÔÈÏÌÏÇÙȢ 4ÈÅ ÂÒÁÉÎȭÓ ÖÕÌÎÅÒÁÂÉÌÉÔÙ ÔÏ ÁÒÓÅÎÉÃ ÓÔÅÍÓ ÆÒÏÍ ÉÔÓ ÈÉÇÈ 
metabolic activity and lipid content, which make it susceptible to oxidative damage. Arsenic has 
been shown to cross the blood-brain barrier, where it can induce neuroinflammation and disrupt 
normal neuronal function [24].  
Histopathological studies in arsenic-exposed mice have revealed several key changes in brain 
tissue, including neuronal degeneration, gliosis, and microglial activation. Neuronal 
degeneration is characterized by the loss of neurons, shrinkage of the neuronal cell body, and 
the presence of pyknotic nuclei, all of which are indicative of cell death. Gliosis, an increase in 
glial cells such as astrocytes and microglia, is a hallmark of neuroinflammation and is typically 
observed in response to injury or toxic ÉÎÓÕÌÔ ÉÎ ÔÈÅ ÂÒÁÉÎȢ 4ÈÅ ÁÃÔÉÖÁÔÉÏÎ ÏÆ ÍÉÃÒÏÇÌÉÁȟ ÔÈÅ ÂÒÁÉÎȭÓ 
resident immune cells, further contributes to neuroinflammation and can exacerbate neuronal 
damage through the release of pro-inflammatory cytokines and ROS [12, 15, 24]. Additionally, 
long-term exposure to arsenic has been connected to synaptic dysfunction, as evidenced by 
alterations in the expression of synaptic proteins and changes in synaptic morphology. These 
changes can impair neurotransmission, leading to cognitive deficits and behavioral changes, 
which are often observed in arsenic-exposed animals. The cumulative effects of these 
ÈÉÓÔÏÐÁÔÈÏÌÏÇÉÃÁÌ ÃÈÁÎÇÅÓ ÉÎÃÒÅÁÓÅ ÔÈÅ ÒÉÓË ÏÆ ÎÅÕÒÏÄÅÇÅÎÅÒÁÔÉÖÅ ÄÉÓÅÁÓÅÓȟ ÓÕÃÈ ÁÓ !ÌÚÈÅÉÍÅÒȭÓ 
disease, in individuals with prolonged arsenic exposure [25, 26]. 
In this study, the physical test results showed that the arsenic-treated mice were inactive and 
depressive as compared to the control group. However, the ELISA-based liver enzyme evaluation 
revealed that the insignificant increase in major liver enzymes (ALT and SGPT) compared with 
standard estimations. Subsequently, the histopathological studies of brain tissues showed that 
progressive degeneration of neurons was by inclination of arsenic dose. 
 
 

CONCLUSION 
 
The dual impact of arsenic on liver enzymes and brain histopathology underscores the wide-
ÒÁÎÇÉÎÇ ÔÏØÉÃ ÅÆÆÅÃÔÓ ÏÆ ÔÈÉÓ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÔÁÍÉÎÁÎÔȢ 4ÈÅ ÌÉÖÅÒȭÓ ÃÅÎÔÒÁÌ ÒÏÌÅ ÉÎ ÁÒÓÅÎÉÃ 
metabolism renders it particularly susceptible to damage, as reflected in altered enzyme 
ÁÃÔÉÖÉÔÉÅÓ ÁÎÄ ÏØÉÄÁÔÉÖÅ ÓÔÒÅÓÓȢ -ÅÁÎ×ÈÉÌÅȟ ÔÈÅ ÂÒÁÉÎȭÓ ÓÅÎÓÉÔÉÖÉÔÙ ÔÏ ÏØÉÄÁÔÉÖÅ ÄÁÍÁÇÅ ÁÎÄ 
inflammation highlights the neurotoxic potential of arsenic, with significant implications for 
cognitive health. Understanding these effects is crucial for developing strategies to mitigate the 
health risks associated with arsenic exposure, particularly in regions where environmental 
contamination is prevalent.  
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ABSTRACT 
 
Soil is alive, not just dirt under our feet. Living Soil - Typical Composition with minerals, air, water, 
and organic matter which sustain the life.  Organic Matter: Retains moisture and enriches soil 
with nutrients. Soil Organisms: Microbes, fungi, and earthworms create balance. Healthy soil 
means better crops, less chemicals, and more sustainability. The global population is expected to 
grow and reach 9.7 billion by 2050. Global food supplies will need to increase to ensure the growing 
global population has access to quality food produce. We should tailor our soil health and plant 
nutrition solutions. That way, we ensure the soil is nutritious and fertile, meaning higher-yielding 
crops and enhanced livelihoods for farmers. The Protection of soil biodiversity for a thriving planet 
$ÏÎȭÔ ÇÕÅÓÓȟ ÍÅÁÓÕÒÅ ÉÔ ÁÓ ÓÃÉÅÎÔÉÓÔÓ ÁÌ×ÁÙÓ ÐÒÅÁÃÈÉÎÇ Ȱ$ÏÎΎÔ ÊÕÄÇÅ Á ÂÏÏË ÂÙ ÉÔÓ ÃÏÖÅÒ ÏÒ ÓÏÉÌ ÂÙ 
ÉÔÓ ÓÕÒÆÁÃÅ ÂÅÃÁÕÓÅ ÙÏÕ ÎÅÖÅÒ ËÎÏ× ×ÈÁÔȭÓ ×ÒÉÔÔÅÎ ÉÎ Á ÂÏÏË ÕÎÌÅÓÓ ÙÏÕ ÒÅÁÄ ÉÔȟ ÏÒ ×ÈÁÔȭÓ ÈÉÄÉÎÇ 
below your feet unless you dig soil pits and find out. Soil starts, and measures, from the surface 
down, not up, and you know NOTHING about soil, unless you dig, observe, and measure it. Do 
NOT confuse surface images (i.e. remote sensing) with soil layers below it but think about it and 
keep in mind that whatever you look for on the surface. Practices like monocropping, excessive soil 
tilling, deforestation, and overgrazing strip the land bare, while climate change accelerates soil 
erosion. The result: Depleted soils that cannot hold water, grow crops, or store carbon. We often 
overlooË ÓÏÉÌȟ ÙÅÔ ÉÔȭÓ ÖÁÎÉÓÈÉÎÇ ÂÅÎÅÁÔÈ ÏÕÒ ÖÅÒÙ ÆÅÅÔȢ  )Æ ÙÏÕ ÔÈÉÎË ÉÔ ÉÓ Ȭ./.% /& 9/52 
"53).%33ȭȟ ÔÈÉÎË ÁÇÁÉÎȢ 3ÔÕÄÉÅÓ ÒÅÖÅÁÌ ÔÈÁÔ ÉÆ ÃÕÒÒÅÎÔ ÒÁÔÅÓ ÏÆ ÓÏÉÌ ÄÅÇÒÁÄÁÔÉÏÎ ÐÅÒÓÉÓÔȟ ×Å ÈÁÖÅ 
only 60 years of harvests left. Think about that ɂ "60 harvests before the Earth can no longer 
sustain us."   
Poor soil quality means food with less nutritional value, weaker ecosystems and a growing climate 
ÃÒÉÓÉÓȢ "ÕÔ ÔÈÅÒÅȭÓ ÈÏÐÅȟ ÉÆ ÙÏÕ ÁÒÅ ÒÅÁÄÙ ÔÏ ÂÅ ÐÁÒÔ ÏÆ ÔÈÅ ÓÏÌÕÔÉÏÎȢ (ÅÒÅȭÓ (/7ȡ #ÈÏÏÓÅ ÌÏÃÁÌȟ 
seasonal, and organic produce to support regenerative farming. Plant more trees or support 
afforestation projects. Reduce usage of chemicals in your garden, Switch to natural fertilizers.   
 

mailto:panwarbss@gmail.com
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Start composting at home: It is one of the sweetest ways to regenerate soil.  Healthy soil = Healthy 
ÐÌÁÎÅÔȢ  ,ÅÔȭÓ ÈÅÁÌ ÂÏÔÈȟ #ÏÍÐÏÓÔÉÎÇ ×ÉÔÈ ÃÁÒÅÓȢ  
 
Keywords: Traditional farming, organic cultivations, natural manures, bio fertilizers 
 
 

INTRODUCTION  
 
Traditional and organic farming offers numerous advantages for soil health and is a highly 
recommended agricultural practice. In this practice, the soil remains undisturbed (not tilled), 
allowing the residue from previous crops to play an important role during prolonged dry spells. 
This practice also helps retain soil moisture for longer, which in the end benefits crops by 
reducing stress and promoting growth. Additionally, zero tillage helps in suppressing weeds, 
making weed management less of a challenge. As the crop residue decomposes, it enriches the 
soil with organic matter, leading to overall improvements in soil. 
We care all about soils. 
We love to measure them. 
We keep monitoring them carefully. 
We wish they will be managed in sustainable ways. 
Because of Soil Serves Us All? 
 

 
Crops today are less nutritious. It takes twice the spinach to get the same amount of iron as it 

did 50 years ago (5). 
WHY? Depleted soil and poor soil quality are major contributors. 

 
 
HOW TO USE CHICKEN MANURE IN FARMING (ORGANIC CONSUMERS 
ASSOCIATION OF AUSTRALIA) 
 
Chicken manure is an excellent source of nitrogen, phosphorus, and potassium, as well as other 
essential micronutrients, making it an excellent organic fertilizer for farming. Here are some tips 
for using chicken manure in farming: 
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V Age the Manure: Fresh chicken manure is high in ammonia and can burn plants, so it 

should be aged for at least six months before being used as a fertilizer. The aging process 
allows the ammonia to dissipate and breaks down the manure into a nutrient-rich soil 
amendment. 

V Compost the Manure: Composting chicken manure is an effective way to further break 
down the manure, reduce pathogens, and create a more stable fertilizer. To compost 
chicken manure, mix it with carbon -rich materials like straw or leaves, keep the pile 
moist, and turn it regularly to aerate. 

V Apply the Manure: Once the chicken manure has been aged or composted, it can be 
applied to the soil. Spread the manure evenly over the planting area and work it into the 
soil with a tiller or garden fork. Apply the manure in the fall, after harvest, or in the 
spring before planting. 

V Don't Overapply: Chicken manure is potent, so it's essential not to overapply it. Too 
much nitrogen can burn plants and damage soil quality. Apply no more than 4-6 inches 
of manure per year and consider doing a soil test to determine nutrient levels before 
applying. 

V Be Careful with Potted Plants: Chicken manure can be too strong for potted plants, so 
it's essential to dilute it before use. Mix one part chicken manure with three parts water 
and apply it to the soil of the potted plants. 

In conclusion, using chicken manure in farming is an excellent way to improve soil health and 
provide essential nutrients to plants. By properly aging or composting the manure and applying 
it in moderation, you can create a healthy and productive growing environment for your crops. 

 

 
 
/ÎÅ ÔÈÉÒÄ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÌÁÎÄÓ ÁÒÅ ÄÅÇÒÁÄÅÄȢ 4Ï ÐÒÏÔÅÃÔ ÏÕÒ ÌÁÎÄÓ ÈÅÒÅ ÁÒÅ ÊÕÓÔ three things we 
can do:  
× Eat local and seasonal products that use natural resources more wisely 
×  Reduce  
× Compost 
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BOOST SOIL WITH VERMICULTURE  
 
Vermiculture is the practice of breeding and cultivating earthworms, primarily for the purpose 
of producing vermicompost (organic fertilizer), worm tea (a liquid fertilizer) and for other  
 
agricultural or environmental benefits. Earthworms play a vital role in soil health by breaking 
down organic matter into nutrient -rich compost, improving soil structure, and increasing soil 
aeration (6).  
 

Benefits of Vermiculture  

¶ Soil enrichment: Vermicompost improves soil fertility by providing essential 
nutrients such as nitrogen, phosphorus, and potassium. 

¶ Waste management: It helps recycle organic waste, turning it into valuable 
compost instead of allowing it to go to landfills. 

¶ Enhanced plant growth: Vermicompost improves water retention, aeration, and 
microbial activity in the soil, leading to healthier plants.  

¶ Eco-friendly: Vermiculture is a sustainable and environmentally friendly practice 
that reduces the need for chemical fertilizers. 

 
Key Aspects of Vermiculture  

¶ Vermicomposting : This is the process by which earthworms consume organic 
waste (such as food scraps, manure, and plant matter) and convert it into rich 
compost. The output is called worm castings, which is a high-quality organic 
fertilizer used to enhance soil fertility.  

¶ Earthworm Species : The most used earthworm species in vermiculture is the red 
wiggler worm (Eisenia fetida), known for its ability to digest organic material 
quickly and efficiently in confined spaces. Other species like Lumbricus rubellus 
are also used. 

 
Applications of Vermiculture  

V Agriculture: Vermiculture is used to improve soil quality for growing crops. 
V Gardening: Home gardeners use vermicompost to enrich their garden soil. 
V Waste management: Vermiculture is employed in organic waste recycling 

programs to reduce landfill waste. 
 

Challenges Faced by Vermiculture Farmers  

¶  Temperature and Moisture Control: Earthworms need stable conditions; 
fluctuations can harm them. 

¶  Pest Infestation: Pests like ants and rodents can disrupt worm bins. 

¶ Feed Quality: Improper feed can harm worms and affect compost quality. 

¶ Overfeeding/Underfeeding: Incorrect feeding amounts can affect worm health and 
composting efficiency. 

¶   



 

 Page 260 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 

¶ Harvesting: Harvesting vermicompost without disturbing worms is labour -
intensive 

¶  Worm Health: Diseases and poor conditions can reduce worm populations 
 Market Demand: Finding buyers for vermicompost can be difficult 

¶ Lack of Knowledge: Inexperienced farmers may struggle with effective 
management. 

 

 
 
 

ORGANIC FARMING  
 

¶ Organic farming is a sustainable agricultural practice that avoids synthetic 
chemicals and genetically modified organisms.  

¶ It relies on natural processes like composting, crop rotation, and biological pest 
control to maintain soil fertility and ecological balance.  

¶ Organic farmers emphasize the use of organic fertilizers, such as manure and plant-
based compost, to enrich the soil.  

¶ This method promotes biodiversity, conserves water and reduces pollution.  

¶ It supports healthier ecosystems and produces food free of harmful residues.  

¶ Organic farming prioritizes animal welfare and natural growth conditions.  

¶ Overall, it fosters environmental sustainability and healthier living.  
Scientists discovered that, even when applied in high doses, one-year stored urine had little 
impact on soil bacterial communities and produced minimal change in soil pH and salinity 
(Cultivation  Ag 2024). 
 
However, the researchers did discover that urine fertilization increased the relative amounts of 
nitrifying and denitrifying groups compared to synthetic fertiliser -- implying that more 
nitrogen oxides could be emitted when fertilising with urine.  
 
The further studies on the long-term effects of urine fertilisation -- particularly regarding 
nitrogen oxide production and soil salinity are required on war foot. 
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Fresh urine is composed of 95 % water with the remaining 5% made up of amino compounds, 
such as urea or creatinine, organic anions and inorganic salts making it a source of bioavailable 
nutrients and micronutrients for plant growth.  
 
There has been great interest in re-using human urine as a crop fertiliser, but -- until the 
publication of this study -- more understanding was required on how urine can affect soil 
functions and microbial communities.  
 
 

 
. 
%ÖÅÒÙ )ÎÄÉÁÎ ÆÁÒÍÅÒ ÉÓ Á ÓÉÌÅÎÔ ÈÅÒÏ ɉέɊ 4ÈÅÙ ÍÁËÅ ÕÐ ÊÕÓÔ άȢέГ ÏÆ )ÎÄÉÁȭÓ '$0ȟ ÙÅÔ ÔÈÅÙ ÓÕÓÔÁÉÎ 
the lives of over 1.4 billion people every single day. While we celebrate their contributions, the 
reality of their struggles often goes unnoticed: 
 Ɇ βίГ ÏÆ )ÎÄÉÁȭÓ ÆÁÒÍÅÒÓ ×ÏÒË ÏÎ ÌÁÎÄ ÓÍÁÌÌÅÒ ÔÈÁÎ ά ÈÅÃÔÁÒÅÓȟ ÇÒÏ×ÉÎÇ ÃÒÏÐÓ ÏÎ ÐÌÏÔÓ ÂÁÒÅÌÙ 

enough to sustain their families. 
 Ɇ /ÖÅÒ ίΪГ ÏÆ ÔÈÅ ×ÏÒËÆÏÒÃÅ ÉÎ )ÎÄÉÁ ÄÅÐÅÎÄÓ ÏÎ ÁÇÒÉÃÕÌÔÕÒÅȟ ÙÅÔ ÔÈÅ ÓÅÃÔÏÒ ÉÓ ÐÌÁÇÕÅÄ ÂÙ ÄÅÂÔȟ 

lack of financial security, and minimal access to healthcare and education. 
 Ɇ &ÁÒÍÅÒÓ ÁÒÅ ÔÈÅ ÂÁÃËÂÏÎÅ ÏÆ ÏÕÒ ÎÁÔÉÏÎȟ ÙÅÔ αΪГ ÏÆ ÔÈÅÍ ÌÉÖÅ ÉÎ ÒÕÒÁÌ ÐÏÖÅÒÔÙȟ ÏÆÔÅÎ ÅÁÒÎÉÎÇ 

less than what they need to survive. 
 
Despite these challenges, farmers rise every day with hope. They face unpredictable weather, 
unstable markets, and rising costs, yet continue to sow seeds of resilience. They cultivate not 
just crops but dreams of a better future, even when the odds are stacked against them. 
 
!Ô -ÏÎÁÒÃÈ .ÁÔÕÒÁÌ &ÁÒÍȟ ×ÅȭÖÅ ×ÉÔÎÅÓÓÅÄ ÔÈÅ ÉÍÍÅÎÓÅ ÓÔÒÅÎÇÔÈ ÁÎÄ ÄÅÔÅÒÍÉÎÁÔÉÏÎ 
firsthand. Our journey began in 2016, when my father, chose the path of organic farming. 
Starting small, selling fresh produce at roadside stalls, we slowly built our dream of growing 
food that was pure, sustainable, and kind to the earth. 
 
In 2018, we embraced the challenge of achieving India Organic certification. There were 
moments of doubt, days when demand was low and we sold produce at market yards for bare 
minimum prices. But we persisted, believing in the value of what we were cultivating. 
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4ÏÄÁÙȟ -ÏÎÁÒÃÈ .ÁÔÕÒÁÌ &ÁÒÍ ÓÅÒÖÅÓ ÃÏÍÍÕÎÉÔÉÅÓ ÔÈÒÏÕÇÈ ÏÒÇÁÎÉÃ ÆÁÒÍÅÒÓȭ ÍÁÒËÅÔÓȟ ÅØÐÏÒÔÓ 
to new regions, and creates processed organic products. But our journey is just a small 
reflection of the perseverance of farmers across the country. 
 
This Farmers Day, the numbers remind us of the work that still needs to be done: 
 
60% of farmers still depend on rain-fed agriculture, making them vulnerable to climate 
change. 
 
 Over 50% of farming households are in debt, with loans often taken to buy basic seeds and 
fertilizers.  
 
 A farmer in India earns, on average, less than 27 per day from their landɂa stark contrast to 
the value their labour brings to our lives. 
 
This cannot continue. 
 
Farmers are more than labourersɂthey are providers, caretakers of the land, and stewards of 
our future. To honour them truly, we must commit to action:  
 Ɇ 3ÕÐÐÏÒÔ ÌÏÃÁÌ ÁÎÄ ÏÒÇÁÎÉÃ ÆÁÒÍÉÎÇ ÔÏ ÅÎÓÕÒÅ ÆÁÉÒ ÐÒÉÃÅÓ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅ ÐÒÁÃÔÉÃÅÓȢ 
 Ɇ !ÄÖÏÃÁÔÅ ÆÏÒ ÂÅÔÔÅÒ ÐÏÌÉÃÉÅÓ ÔÈÁÔ ÐÒÏÖÉÄÅ ÆÁÒÍÅÒÓ ×ÉÔÈ ÁÃÃÅÓÓ ÔÏ ÅÄÕÃÁÔÉÏÎȟ ÈÅÁÌÔÈÃÁÒÅȟ ÁÎÄ 
financial stability.  
 Ɇ 2ÅÃÏÇÎÉÚÅ ÔÈÅÉÒ ÌÁÂÏÕÒ ÁÓ ÔÈÅ ÆÏÕÎÄÁÔÉÏÎ ÏÆ ÏÕÒ ÎÁÔÉÏÎȭÓ ×ÅÌÌ-being. 
To every farmer: Thank you for feeding not just our bodies but our souls.  
 
 

 INNOVATIVE SOLUTIONS THAT OPTIMIZEIRRIGATION, RESTORE SOIL 
HEALTH, INCREASE CROP OUTPUT:   
 

Solving big problems  
 
1. !ÇÒÉÃÕÌÔÕÒÅ ÁÃÃÏÕÎÔÓ ÆÏÒ αΪГ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÆÒÅÓÈ×ÁÔÅÒ ÕÓÁÇÅ 
2. Food production contributes 30% of global greenhouse gas emissions. 
3. Chemical fertilizers and crop protections degrade soil structure and biodiversity, leading 

to erosion, compaction, and water contamination 
4. Droughts and water shortages are deepening 
5. Soil salinity is increasingly problematic, especially in arid regions. 

 

Ἄἱἷ-ἐἭἺἼἱἴἱὂἭἺἻ ἙἩἺἳἭἼ - : ἑἴἷἪἩἴ ἠἭἻἭἩἺἫἰ ἠἭἸἷἺἼ:  
The global bio-fertilizers market is experiencing significant growth, driven by increasing 
awareness of sustainable agricultural practices and the need to reduce chemical fertilizer 
usage. The market was valued at USD 2.3 billion in 2023 and is expected to grow at a CAGR of 
12.4% from 2024 to 2032, reaching a valuation of USD 5.8 billion by 2032. Bio-fertilizers are  
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essential in improving soil health, enhancing crop yield, and reducing the environmental 
impact of traditional fertilizers.  
Your report provides both quantitative and qualitative aspects of the Bio-Fertilizers Market, 
examining manufacturers, regional analysis, types, and applications. The report also provides 
company profiles, product examples, and market share estimates for leading competitors in 
2024. 
Segment-wise growth calculations and forecasts for consumption value are presented for the 
period 2024-2032, aiding businesses in targeting specific and lucrative market niches for 
expansion of the Bio-Fertilizers Market (4). 
 

 
 
Improving Composting Practices:  
Composting plays a critical role in sustainable agriculture, yet many farmers struggle with 
inefficient processes that limit its potential benefits. Improper layering of green (nitrogen-rich) 
and brown (carbon-rich) materials, neglecting aeration, and adding non-compostable items 
like plastics or chemicals are common mistakes. These can lead to slow decomposition, foul 
Odors, and nutrient losses, ultimately reducing the effectiveness of the compost. 
 

Innovations in Composting  
Recent advancements have transformed composting into a science-backed process. The use of 
Trichoderma, a beneficial fungus, speeds up organic matter decomposition, suppresses 
harmful pathogens, and improves nutrient availability in the final compost. Simil arly, adding 
microbial cultures and biofertilizers during composting can enhance the microbial diversity, 
making the compost more effective for soil enrichment. 
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Precautions for Effective Composting  
1. Maintain a proper carbon-to-nitrogen ratio (C:N) by balancing materials like dry leaves 

(high carbon) and vegetable scraps (high nitrogen). 
2. Regularly turn the compost to aerate it and promote microbial activity. 
3. Ensure adequate moisture, keeping the pile damp but not waterlogged. 
4. Avoid adding harmful substances like pesticides, plastics, or processed food waste. 

 
 

Different Composting Methods:  
Farmers can choose from various techniques based on their resources and requirements: 
ü  Aerobic Composting: Involves regular turning for oxygen supply, ensuring faster 

decomposition. 
ü Vermicomposting: Utilizes earthworms to produce nutrient -rich castings, ideal for 

small-scale or high-value crops. 
ü  Bioreactors: Advanced methods like the Berkeley or Johnson-Su bioreactors produce 

high-quality compost in a controlled environment.  
ü By adopting these scientific methods and innovations, farmers can produce high-

quality compost that boosts soil fertility, improves water retention, and supports 
sustainable agriculture. 
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INNOVATIVE AGRICULTURAL RULES:  
 
Soil is life. It is the foundation of all terrestrial ecosystems and the silent force behind the food 
we eat, the air we breathe, and the water we drink. Yet, too often, it is overlooked, abused, and 
left to deteriorate. One of the most critical, yet simple, principles in regenerative agriculture is 
this: Never let the soil dry. 
 
 
THE SCIENCE OF MOISTURE AND SOIL HEALTH 
 
Healthy soil is more than dirtɂit is a living ecosystem teeming with microorganisms, fungi, 
and organic matter that work in harmony to sustain plant life. Soil moisture is the lifeblood of 
this system, acting as a conduit for nutrients, enabling microbial activity, and maintaining soil 
structure. When soil dries out, this balance collapses: 
 
Microbial death: Beneficial microorganisms die or go dormant without adequate moisture, 
disrupting nutrient cycling.  
 
Soil compaction: Dry soil hardens and loses its porosity, making it difficult for roots to 
penetrate and reducing water infiltration when it does rain. 
 
Erosion: Dry, exposed soil is vulnerable to wind and water erosion, stripping away the organic 
matter that took years to accumulate. 
 
Regenerative Practices to Keep the Soil Moist 
 
In regenerative agriculture, we seek to mimic natural systems, which rarely leave soil exposed 
or dry. Here are the key strategies to maintain soil moisture: 
 
V Mulching  
A thick layer of mulchɂmade from straw, leaves, wood chips, or crop residuesɂacts as a 
protective blanket over the soil. Mulch: 
Reduces evaporation by shielding the soil from direct sunlight. 
Prevents rain from compacting the soil surface. 
Slowly decomposes, adding organic matter to the soil. 
 
V  Cover Crops 
Nature abhors bare soil. Cover crops such as legumes, grasses, or clover provide a living cover 
that keeps the soil cool and shaded, preventing moisture loss. Their roots: 
Improve water infiltration/Stabilize the soil structure/Enhance the water -holding capacity of 
the soil. 
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V Minimal Tillage  
Tilling the soil disrupts its structure, breaks up fungal networks, and exposes moisture to 
evaporation. By minimizing tillage, we preserve the soil's natural water-retention capabilities 
and protect the microbial life that thrives in undisturbed soil.  
 
V Organic Matter 
V Soil rich in organic matter acts like a sponge, holding water during dry spells and 

releasing it slowly to plant roots. 
V  Agroforestry and Shade Crops 

Trees and shrubs planted alongside crops provide shade, reducing soil temperature and  
V  

 
evaporation. Their deep roots also draw water from deeper layers of the soil, helping to 
stabilize moisture levels. 
 

V The Role of Soil Moisture in Climate Resilience 
 
With unpredictable weather patterns and prolonged droughts becoming more frequent, 
keeping soil moist is no longer optionalɂit is essential for survival. Moist soils are better 
equipped to absorb heavy rains, reducing flooding, and to endure dry spells, ensuring crops 
survive and thrive. 
Soil infertility and degradation present significant challenges to crop production and food 
security in Africa, compounded by climate change. The reliance on synthetic fertilizers, 
offering only three essential nutrients, worsens the situation. 
To combat this, farmers need to consider a wider range of nutrients vital for plant growth, 
including:  
- Macro nutrients: N, K, P, Mg, Ca, S, O2, H, C 
- Micro nutrients: Cu, Mn, Fe, Zn, Ni, Co, Cl, B, Mo 
 
Achieving optimal soil health and plant development requires a holistic approach. A fertile soil 
must contain crucial nutrients, sufficient water, organic matter, ideal pH and temperatures, 
and a diverse soil microorganism population. Emphasizing soil testing before buying fertilizers 
is crucial. 
Apart from synthetic options, integrating organic alternatives like enriched Biochar can boost 
soil ecology. Biochar helps retain soil moisture, decrease acidity, support plant well-being, and 
aid in contaminant cleanup. Through diversifying fertilizer resources and concentrating on soil 
well-being, farmers can enhance crop productivity sustainably (3).  
 
Scientists are urging farmers in Punjab to embrace barley cultivation once again. With a 
significant decline in barley farming over the years, experts recommend revitalising this crop 
to enhance sustainability and boost agricultural diversity (7). 
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Organic fertilizers, derived from natural sources like compost and manure, offer slow-
release nutrients and improve soil health, while traditional (synthetic) fertilizers 
provide readily available, concentrated nutrients but can negatively impact soil and 
water quality.  
 
Here's a more detailed comparison: 
Organic Fertilizers: 
Source: 
Derived from natural materials like compost, manure, bone meal, and seaweed.  
Nutrient Release: 
Nutrients are released slowly as organic matter decomposes, leading to a longer-lasting 
effect and reduced risk of nutrient runoff.  
 
 

SOIL BENEFITS 
 
Organic fertilizers improve soil structure, water-holding capacity, and microbial 
activity, leading to healthier soil and plants.  
Environmental Impact:  
Generally considered more environmentally friendly as they reduce the risk of water 
pollution and soil degradation compared to synthetic fertilizers.  
Examples: 
Compost, animal manure, bone meal, blood meal, fish meal, seaweed  
Pros:  
Improves soil health and structure  
Slow-release nutrients reduce the risk of nutrient runoff and water pollution  
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Provides a wider range of nutrients, including micronutrients  
Enhances soil fertility and microbial activity  
Cons: 
Nutrient release is slower, meaning plants may not receive nutrients as quickly as with 
synthetic fertilizers  
Nutrient content can vary depending on the source  
May require more frequent applications  
Traditional (Synthetic) Fertilizers:  
Source: Synthesized from chemical compounds and minerals.  
Nutrient Release: Provide readily available, concentrated nutrients that plants can 
quickly absorb.  
Soil Benefits: Can negatively impact soil health by disrupting the natural balance of 
nutrients and microbial activity.  
Environmental Impact: Excessive use can lead to water pollution, soil degradation, and 
greenhouse gas emissions.  
Examples: Urea, ammonium nitrate, potassium chloride  
Pros: 
Quickly provide nutrients to plants  
Easy to apply and measure  

 
Can be used to correct specific nutrient deficiencies  
Cons:  
Can negatively impact soil health and microbial activity  
Excessive use can lead to water pollution and soil degradation  
May not provide a balanced range of nutrients. 
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     ,       ? 
Are you constantly increasing your fertilizer inputs but still not seeing better yields?  

The problem might not be your fertilizersɂÉÔȭÓ ÙÏÕÒ %ÌÅÃÔÒÉÃÁÌ #ÏÎÄÕÃÔÉÖÉÔÙ ɉ%#Ɋ ÁÎÄ 
Cation Exchange Capacity (CEC) 
ü  High EC? Too much salt buildup blocks nutrient uptake, stunting plant growth.  
ü  Low EC? Indicates a lack of essential nutrients, leading to weak crops. 
ü  ,Ï× #%#ȩ 9ÏÕÒ ÓÏÉÌ ÃÁÎȭÔ ÈÏÌÄ ÎÕÔÒÉÅÎÔÓȟ ÃÁÕÓÉÎÇ ÆÅÒÔÉÌÉÚÅÒÓ ÔÏ ×ÁÓÈ Á×ÁÙ ÂÅÆÏÒÅ ÐÌÁÎÔÓ 

can absorb them. That means every extra dollar you spend on fertilizers could be going 
to waste instead of nourishing your crops 

ü Balanced EC + High CEC = Maximum nutrient efficiency & thriving plants  
ü "ÅÆÏÒÅ ÐÏÕÒÉÎÇ ÍÏÒÅ ÍÏÎÅÙ ÉÎÔÏ ÆÅÒÔÉÌÉÚÅÒÓȟ ÃÈÅÃË ÙÏÕÒ ÓÏÉÌȭÓ %# ÁÎÄ #%#Ȣ 3ÍÁÒÔ ÓÏÉÌ 

management saves costs and boosts yields 
ü !ÒÅ ÙÏÕ ÔÒÁÃËÉÎÇ %# ÁÎÄ #%# ÉÎ ÙÏÕÒ ÓÏÉÌȩ )Æ ÎÏÔȟ ÉÔȭÓ ÔÉÍÅ ÔÏ ÓÔÁÒÔ 
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Abstract  
 
Artificial light at night (ALAN) has emerged as a pervasive environmental pollutant, 
fundamentally disrupting natural nocturnal ecosystems worldwide. Moths, representing over 
160,000 species globally, are particularly vulnerable due to their dependence on celestial navigation 
cues and nocturnal activity patterns. This manuscript examines ALAN's multifaceted impacts on 
moth ecology, spanning individual behavioural responses to ecosystem-level consequences. ALAN 
disrupts moth biology through several mechanisms: spectral attraction to artificial lights causes 
fatal disorientation and exhaustion; circadian rhythm disruption impairs reproduction and 
survival; and reduced pollination services alter plant-insect networks. Population studies reveal 
concerning declines, with caterpillar abundance reduced by 47% near streetlights and significant 
species losses under skyglow conditions 
Effective mitigation requires spectrum-shifting to longer wavelengths, strategic shielding, and 
dark corridor preservation, integrated with urban planning and conservation policies. Given moths' 
crucial roles as pollinators and prey species, addressing ALAN represents an urgent conservation 
priority for maintaining nocturnal biodiversity  
 
Keywords. Moths, ALAN, Phototaxis, Light pollution, population decline, habitat conservation, 
 
 

INTRODUCTION  
 
Artificial light at night gives human an edge of freedom over the natural light cycles, it also 
created a disturbance in the natural light cycles experienced by many species. (Gaston et 
al., 2017). The industrial development brings a massive breakthrough in technological 
advancements also increased the widespread of ALAN ("ÁÒÜȟ 3Ȣȟ Ǫ &ÁÌÃÈÉȟ &Ȣ άΪάέɊȢ 4ÈÅ ÍÁÊÏÒÉÔÙ 
of population lives in urban and suburban areas which contributes 20% of this anthropogenic 
light in the environment ( Kylee Grenis et al., 2023). This rise in ALAN effects the interaction 
patterns behaviour of many organisms (Sanders & Gaston, 2018). Moths plays an important role 
as nocturnal pollinators with some adaptations in their behaviour and morphology ɉ"ÁÒÔÜËȟ -Ȣ  
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& Tropek, R. 2025). Moth species are also serve as biological indicators for healthy environment 
as they respond to change in habitat / factors affecting habitats (Vegetation, succession and 
human disturbance. Moths also serve as a prey base for many species, forming a link in the food 
web they k support various trophic levels and also act as agricultural pests in their larval stages 
(Dar, Afaq & Jamal, Khowaja, 2021)). !,!. ÓÈÏ×Ó Á ÒÁÎÇÅ ÏÆ ÅÆÆÅÃÔÓ ÏÎ ÍÏÔÈÓȟ ÉÔ ÁÆÆÅÃÔÓ ÍÏÔÈÓȭ 
population as it alters the behaviour and life stages from larva to adult (Boyes, et al., 2021). Near 
the source of ALAN, it is found that moths became easy prey (Rydell J., 1992).   
 
 
OBSERVATIONS OF MOTH PHOTOTAXIS AND ATTRACTION TO LAMPS.  
 
Since early naturalists recorded moths' apparently unexplainable flying towards lanterns and 
flames, people have been fascinated by their attraction to light. Originally thought to be a 
curious phenomenon, this phenomenonɂhistorically known as positive phototaxisɂwas 
eventually identified as an important ecological interaction involving moth behaviour and 
navigation. By using artificial lights as a useful tool to collect and track moth populations, early 
entomologists unintentionally introduced bias by draw ing in phototactic species (Owens, A. C. 
S., & Lewis, S. M., 2018; Boyes, et al.,2021)   
When moths mistake artificial light sources for navigational objectives, they create ecological 
traps that result in confused flight, higher energetic costs, and higher death risks. In urban and 
suburban regions, where light pollution is prevalent and severe, this maladaptive attraction to 
light is particularly problematic. The behavioural level was the primary focus of early 
frameworks, but more recent studies have expanded the consequences to include physiological 
stress reactions, reproductive interference, and demographic losses. (Fabusova Madeleine et al., 
2024; Owens, A. C. S., & Lewis, S. M., 2018; Boyes, et al., 2021) 
In recent years, conceptual models have been developed that incorporate multidisciplinary ideas 
and link exposure to light pollution to physiological stress, behavioural disruption, and 
ultimately effects at the population and community level. These models highlight feedback loops 
wherein death and disorientation at the individual level increase to affect population survival 
and modify nocturnal ecological processes including pollination and food web dynamics (Kylee 
Grenis et al., 2023; Boyes et al., 2021). 
Recent frameworks have also started to investigate possible evolutionary reactions. For example, 
there is evidence of rapid behavioral evolution, as certain populations of urban moths show less 
attraction to light, indicating that natural selection pressur es are still present. This evolutionary 
viewpoint emphasizes how ALAN's effects are dynamic, acting as both an ecological stressor and 
a selective force that modifies moth sensory characteristics in lit surroundings (Van de Schoot 
et al., 2024). Overall, the historical and theoretical foundations underpinning ALAN research 
on moths trace a progression from descriptive natural history to mechanistic, multidisciplinary 
models that capture the complex biological and ecological ramifications of anthropogenic night 
lighting.  
 
 
 

https://royalsocietypublishing.org/doi/full/10.1098/rstb.2022.0365
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2022.0365


 

 Page 272 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
MECHANISM OF ALAN EFFECTS ON MOTHS 
 
Light properties and sensory biology  
 
Moths have compound eyes with photoreceptors that are most sensitive in the blue, green, and 
ultraviolet (UV) regions of the spectrum, usually between 300 and 550 nanometres. Because of 
this spectral tuning, which has developed in response to natural nocturnal conditions like 
moonlight and starlight, moths are particularly drawn to artificial lights that emit large volumes 
of short-wavelength radiation.  
Strong attraction, a higher danger of exhaustion, and a higher mortality rate result from sources 
such as mercury vapor lamps and white LEDs that emit high quantities of UV and blue light, 
which accentuate positive phototactic reactions. On the other hand, artificial lights that have 
their spectrum changed toward longer wavelengths (red or amber) can lessen these negative 
effects on night time populations by reducing moth attraction.  (Van, Langevelde et al., 2017; 
Fabian et al., 2024).  
Prolonged illumination throughout key nocturnal periods extends the temporal window over 
which moth physiological and behavioural processes are impaired. Extended exposure results 
in fatigue, disrupted foraging behaviour, and increased reproductive dysfunction, as moths are 
unable to recover in darkness and maintain healthy circadian rhythms (Evert Van de Schoot, 
2025) Extensive skyglow conditions from urban centres effects the favourable conditions and 
effects the habitats over a large area far from ALAN centres.  (Owens, A. C. S. & Lewis, S. M., 
2018) 
 
 
BEHAVIOURAL RESPONSE 
 
Orientation and flight pathways  
ALAN induces positive phototaxis in moths, compelling them to orient and fly directly towards 
the light source instead of navigating using celestial bodies (Dyer, F. C.,1985; Fabusova 
Madeleine et al.,2024). Abnormal attraction disrupts the typical flight pathways, causing moths 
to circle, spiral, or congregate around the source, often at the expense of natural dispersal and 
migration routes. (Fabian et al,.2024; Gaydecki, P., 2019). As a result, moths experience increases 
rates of exhaustion and mortality due to continuous flight near the light sources and frequent 
collisions. ALAN significantly reduces moth foraging behaviour, leading to decreased visits to 
nocturnal flo wers and lower nectar uptake.   
 
Effects on Mating and Pheromone communication  
ALAN significantly disrupts moth reproductive behaviour by interfering with sex pheromone 
production, ALAN strongly reduces the total amount of pheromones produced by female moths 
and alters the chemical composition of the pheromone blend. (Van Geffen, et al., 2015) Male 
moths exposed to artificial light exhibit reduced attraction to female pheromone sources Chen, 
Q, et al., 2021). 
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ALAN disrupts the timing of reproductive activities, as artificial light can inhibit female calling 
behaviour and supress mating success, with studies showing mate success dropping to as low as 
35% of dark control values under artificial lighting.  
 
Predator avoidance and risk perception  
!,!. ÉÎÆÌÕÅÎÃÅÓ ÍÏÔÈȭÓ ÁÎÔÉ-predator response, with the studies showing that eared moths lose 
their ability to detect and evade bat eco locations calls under illuminated conditions, resulting 
in increased predation rates. ((İÇÅÌȟ 4Ȣȟ Ǫ 'ÏÅÒÌÉÔÚȟ (Ȣ 2Ȣȟ άΪάΪȠ 3ÅÙÍÏÕÒÅ "ÒÅÔÔ ÅÔ ÁÌȢȟ 2023) 
 
Physiological and life -history effects  
ALAN disrupts the circadian clock mechanism in moths by interfering the natural-dark cycles 
that entrain their biological rhythms.  Interference in biological rhythms leads to suppression of 
melatonin and compromised immune function, increased oxidative stress, making moths more  
 
susceptible to pathogens and parasites. (Boyes, et al., 2021; Perry L. Adkisson, 1996). Synthesis 
of melatonin is based on day light releasing during dark periods and supressed during day times.  
 
Body mass development  
Adult body mass can be negatively affected by ALAN exposure during development, with urban 
moth populations showing on average 2.5% lower relative abdomen mass compared to moths 
from darker environments.  
 
Metabolic disruption and fitness consequences  
ALAN exposure increases metabolic rates during night time leading to higher energetic 
requirements and accelerated depletion of energy reserves. Heat tolerance and stress resistance 
ÁÒÅ ÎÅÇÁÔÉÖÅÌÙ ÁÆÆÅÃÔÅÄ ÂÙ !,!. ÅØÐÏÓÕÒÅȟ ÒÅÄÕÃÉÎÇ ÍÏÔÈÓȭ ÁÂÉÌÉÔÙ ÔÏ ÃÏÐÅ with additional 
environmental challenges (Kathryn B et al.,2025), Long term consequences include reduced 
reproductive success, altered age structure and decreased viability due to energy costs and 
reduced survival rates. 
 
Methodological Approaches in ALAN -Moth Research  
Light traps remain the cornerstone of field studies, using UV and blue-UV tube lights to sample 
phototactic moths and assess local community response to ALAN (Fabian, et al., 2024).Choice 
experiments in both field enclosures and open habitats present moths with paired light 
treatments to quantify preference threshold and dose-response curves under controlled yet 
ecologically relevant conditions. (Fabusova Madeleine et al., 2024)  
Harmonic radar tracking of moths fitted with lightweight transponders provide individual flight 
trajectories, revealing orientation disruptions and movement around street light arrays that are 
undetectable with light trap data alone. (Degen, J., et al., 2024) 
 
Challenges and biases in moth sampling under ALAN.  
Light traps are generally biased towards phototactic species and do not account for species that 
avoids or escapes light source, resulting in a skewed assessment of community impact in lit  
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areas. (Altermatt, F., & Ebert, D. 2016). Biases arise from variation in trap light spectra, ambient 
weather conditions and moon phases, which can differentially influence trap catch rates and 
complicates comparison across studies.  
 
 
MITIGATION AND MANAGEMENT STRATEGIES  
 
Lighting design  
Shifting the spectral output of outdoor lighting toward longer wavelengths (amber or red) 
significantly reduces attraction for most nocturnal insects, minimising negative behavioural and 
ecological impacts. (Boyes et al., 2021). The use of cut-off fixtures and shielding t restricts light 
spread horizontally and vertically, preventing light trespass and skyglow condition. (Boyes et al., 
2021). Employing adaptive lighting lowers the density and activity of moths around illuminated 
areas while saving energy (van Koppenhagen, N., et al., 2025). Dynamic LED lighting solutions 
allow fine-scale control of timing and spectrum to better match biological needs while 
complying with human safety requirements (Boyes et al., 2021) 
 
Habitat management measures  
Creating and maintaining light free corridors-zones deliberately shielded or kept dark-facilitates 
the dispersal and movement of nocturnal insects, safeguarding essential ecological connectivity. 
0ÒÏÔÅÃÔÉÎÇ ÏÒ ÒÅÓÔÏÒÉÎÇ ȬÄÁÒË ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȱ ÎÅÔ×ÏÒËÓ ÉÎÖÏÌves preserving core night habitat 
areas and connecting them with unit corridors, placement of buffer and dark zones helps protect 
breeding, roosting and foraging sites for moths and other nocturnal wild life. (Boyes et al., 2021) 
 
 
CONCLUSION 
 
Artificial light at night (ALAN) poses a profound threat to moth populations and the ecosystems 
they support, disrupting fundamental behaviours such as navigation, foraging, and reproduction 
with cascading ecological consequences (Gaston et al., 2017). The extensive evidence indicates 
that ALAN leads to population declines, alters community structures, and drives rapid 
evolutionary changes, including reduced attraction to lights in urban moth populations (Van, 
Langevelde, et al., 2018). These impacts threaten not only moth biodiversity but also the 
pollination networks and food webs dependent on nocturnal insects (Owens & Lewis, 2018). The 
urgency to implement evidence-based dark-sky policies, habitat management strategies, and 
interdisciplinary conservation  initiatives has never been greater. Preserving moth populations 
in the face of pervasive ALAN is critical for maintaining ecosystem resilience and biodiversity 
integrity. Addressing this challenge requires a global commitment to reduce light pollution and 
adopt sustainable lighting practices that harmonize human development with nocturnal 
ecological processes (Boyes et al., 2021) 
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ABSTRACT 
 
 Plastic pollution is a global problem affecting all ecosystems and life on earth. All people are not 
aware about plastic hazards and its impacts in developing countries like India and there is urgent 
need to spread awareness about plastic pollution impacts and its management. Microplastics 
(MPs), are found in all ecosystems, have been detected in human blood stream, stool, and placenta 
and in other body organs. Microplastics can interfere with genetic material and cell functions and 
it is one major cause coupled with other environmental and health conditions for death of human 
and other species. More than 13,000 chemicals have been identified as associated with plastics 
pollution and plastic decomposition takes 20 to 500 years or more. The manufacture of plastics 
has become a major source of greenhouse gas emissions and driver of climate change. More than 
300 million tons of plastic is produced every year and only about 9 % is recycled. Women, children, 
and senior citizens are more susceptible to these toxic chemicals released from plastic items, and 
exposures during fetal development and in children can cause, for example, neuro-developmental/ 
neuro-behavioural related disorders. Existing evidence calls for urgent action to address plastic 
pollution management strategies for effective policy to protect ecosystems, human health, and the 
environment for toxic-free and sustainable circular economy. Some strategies like stainless steel 
bottles for water and glass/ ceramic containers for food storage shall be good ideas to make life 
plastic-free. Strict implementation of rules for plastic pollution management coupled with effective 
laws like Environment (Protection) Act, 1986 in Indian situation can be good step for 
sustainability. 
 
Keywords:  Plastic, Pollution, Chemicals, Ecosystem, Health, Circular Economy, Environmental 
Governance. 
 
 
INTRODUCTION  
 
Plastic Utilization  
Plastics are considered very necessary in terms of their properties and functionality in contrast 
to other belongings such as metals and wood. Plastic pollution is an escalating ecological and 
socio-economic crisis in many developing countries. Rapid urbanization, rising consumption, 
inadequate waste management infrastructure, and expanding informal recycling economies  
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drive high leakage rates of plastics into terrestrial, freshwater, and coastal ecosystems. 
Approximately 360 million tons of plastic  is used around the world every year. Currently, only 
1% of these can be listed as biodegradable plastics. The extensive use of plastics in large-scale 
and diverse applications pose economic and environmental problems. These directly generate 
large amounts of waste and take years to decompose naturally. With growing concerns about 
the threat posed by plastic waste to the atmosphere, several countries are reducing plastic waste 
through the production of biodegradable plastic materials and pursuing a number of waste 
management projects. Scientists are conducting intensive research on the synthesis of 
biodegradable plastic materials. [1-4]. 
Biodegradable plastic, a sustainable and ecologically advantageous substitute can obtain from 
biomass and degradable materials [5-6]. Microbial populations are also helpful in obtaining 
biodegradable plastics from biological waste [7]. Biodegradable plastics are environmentally 
friendly materials because they emit less CO2 during production, which contributes to global 
warming. The utilization of renewable raw ingredients for bioplastic production can reduce the 
volume of greenhouse gases such as methane and carbon dioxide, released into the environment 
compared to traditional plastic synthesis from fossil fuels [8]. 
Biodegradable plastics degrade naturally in the environment. This has been achieved by 
microorganisms present in the environment metabolizing and breaking down the structure of 
biodegradable plastics. Biodegradable plastics are of two types. Firstly, can be decomposed in an 
aerobic process (composting) and the secondly in an anaerobic environment i.e., landfill [9]. In 
a definite time, and in an explicit environment, it is broken down by microorganisms into carbon 
dioxide (CO2), methane (CH4), water (H2O), and biomass. For example, biodegradable plastics 
based on thermoplastic starch, polylactic acid (PLA) and poly-3-hydroxybutyric acid (PHB) [10]. 
Plastics have transformed modern economies due to durability, light weight, and low cost. The 
same properties, however, result in persistence in the environment, fragmentation into 
micro- and nanoplastics, and long-distance transport through air and water. In developing 
countries, material flows far outpace waste management capacity, producing high leakage rates 
into rivers and soils and ultimately to the ocean. India, with rapid urbanization and a large 
agricultural base, illustrates these dynamics vividly: plastic use is rising across packaging, 
textiles, construction, agriculture (e.g., mulch films, irrigation pipes), and consumer goods, 
while collection and processing systems remain heterogeneous across states and municipalities. 
This paper synthesizes the state of knowledge on plastic pollution pathways and ecosystem 
effects in developing contexts; analyses India-specific drivers, exposure hotspots, and ecological 
consequences; and proposes a policy and research agenda emphasizing prevention, equitable 
circularity, and standardized monitoring.  
Biodegradable plastics have also been adopted in the circular economy [11]. Biodegradable 
plastics can be a green substitute to traditional plastics [12-14] and utilized in throwaway items 
such as crockery, packaging, cutlery, bowls, straws, and pots. Biodegradable plastics have been 
utilized in numerous sectors like, packaging, aerospace, industrial machinery, automotive, in 
offices for office equipment, electronics, medical, furniture etc. [15-22]. 
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Conceptual Framework: Sources ɀPathwaysɀReceptorsɀImpacts  
SourcesɀPathwaysɀReceptorsɀImpacts (SPRI) framework was adopted to structure evidence and 
policy options. As far as sources (S) are concerned, primary plastics (pellets, microbeads, fibers) 
and secondary fragments from mismanaged macroplastics exists. Major sectors includes 
packaging (single-use films, multi -layer laminates), retail, e-commerce, food service, textiles 
(synthetic fibers), construction, agriculture, health care. For pathways (P), it is important to note 
that terrestrial littering; open dumpin g and burning; storm-water runoff; river transport; 
wastewater effluent and combined sewer overflows; atmospheric transport of microfibers; 
coastal tourism; industrial loss of pre-production pellets are involved. Receptors (R) are soils 
(including cropland ), freshwater (rivers, lakes, wetlands), estuaries and deltas, coastal seas, 
mangroves, coral reefs, and urban ecological niches. Impacts (I) includes physical harm 
(ingestion, entanglement), biochemical effects (leachates and additives), altered biogeochemical 
cycles (soil aggregation, water infiltration, carbon turnover), invasive species rafting, and 
socio-economic externalities (flooding due to drain blockage, crop impacts, fisheries losses, 
public health co-exposures). 
 
 
INDIA IN FOCUS: DRIVERS AND LEAKAGE DYNAMICS  
 
Consumption and material flows  
Rapid growth in packaged food, personal care, and e-commerce has increased flexible plastic 
use, particularly difficult -to-recycle multi-layer laminates (MLPs). As far as urbanɀrural 
contrasts are there, metropolitan areas generate large volumes of post-consumer packaging; 
smaller towns and peri-urban settlements often rely on uncontrolled dumps and open burning. 
Agricultural uses (mulch films, greenhouse covers, drip lines) contribute to diffuse soil 
contamination when retrieval and end-of-life management are weak. 
 
Waste system characteristics  
For collection, service coverage varies widely; informal waste pickers provide a significant share 
of recovery for high-value fractions (PET bottles, rigid HDPE/PP) while low-value films are 
commonly leaked or burned. For sorting and recycling, predominantly small-scale units; quality 
and safety standards vary; large volumes of low-value plastics are down-cycled to roads, boards, 
or refuse-derived fuel (RDF). For leakage hotspots, it is important to note the exact locations of 
open drains, riverbanks near transfer stations, peri-urban dumpsites, and coastal cities with 
seasonal tourism. 
 
 
APPLICABLE PLASTIC GOVERNANCE IN INDIA 
 
Policy Framework  
)ÎÄÉÁȭÓ ÐÌÁÓÔÉÃ ÇÏÖÅÒÎÁÎÃÅ ÈÁÓ ÅÖÏÌÖÅÄ ÏÖÅÒ ÔÈÅ ÌÁÓÔ Ô×Ï ÄÅÃÁÄÅÓȟ ×ÉÔÈ ÉÎÃÒÅÁÓÉÎÇ ÅÍÐÈÁÓÉÓ ÏÎ 
waste reduction, recycling, and circular economy principles. The key pillars include Plastic 
Waste Management (PWM) Rules, 2016 (and Amendments in 2018, 2021, 2022); Solid Waste  
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Management Rules, 2016; and BIS Standards. Introduced Extended Producer Responsibility 
(EPR), making producers, importers, and brand owners responsible for post-consumer plastics; 
banned certain categories of single-use plastics (e.g., straws, cutlery, stirrers, polystyrene cups); 
mandated plastic carry bag thickness increase (from 50 to 120 microns) to promote reusability; 
and introduced compostable and biodegradable alternatives, subject to certification by the 
CPCB (Central Pollution Control Board) acts. Framework for segregation at source, door-to-door 
collection, and integration of informal waste pickers and it provides indirect governance over 
plastics as part of municipal solid waste. Bureau of Indian Standards has begun developing 
norms for recycled plastic content and safe food-ÃÏÎÔÁÃÔ ÁÐÐÌÉÃÁÔÉÏÎÓȢ )ÎÄÉÁȭÓ ÐÌÁÓÔÉÃ ÇÏÖÅÒÎÁÎÃÅ 
rests on a strong legal framework (PWM Rules, EPR, bans), but faces challenges in enforcement, 
informal sector integration, and handling of low -value plastics. Moving toward an equity-
centered circular economy requires robust monitoring, inclusive systems, and upstream product 
redesign. 
 
Institutions and Enforcement  
Central Pollution Control Board (CPCB) oversees national compliance with PWM Rules, issues 
EPR guidelines, and monitors bans. State Pollution Control Boards (SPCBs) are responsible for 
granting consent, monitoring compliance, and enforcing bans at state level. Urban Local Bodies 
(ULBs) Implement collection, segregation, and enforcement on the ground. National Green 
Tribunal (NGT) acts as a judicial body addressing violations, often directing state governments 
to act on plastic pollution.  
 
Extended Producer Responsibility (EPR)  
It was Introduced formally in 2016, strengthened in 2022. Producers, Importers, and Brand 
Owners (PIBOs) must collect and recycle a specified share of the plastic they put into the market; 
meet annual EPR targets (by category: rigid plastics, flexible packaging, multilayered plastics); 
submit reports via a centralized EPR portal (launched by CPCB in 2022) for digital tracking; and 
eco-modulation of fees (in discussion) could incentivize recyclable packaging design. 
 
Bans and Restrictions  
National ban (2022) was imposed on certain single-use plastics prohibited (cutlery, straws, 
polystyrene). State-specific bans in some states (e.g., Maharashtra, Tamil Nadu, Himachal 
Pradesh) had earlier independent bans, but enforcement varied. Carry bags campaign was 
promoted and nationwide thickness mandate to reduce littering and improve recyclability. 
 
Challenges in Governance  
It includes enforcement gaps (widespread non-compliance with bans due to weak monitoring, 
availability of cheap alternatives, and uneven state-level enforcement); informal sector exclusion 
(Informal waste pickers recover 70ɀ80% of recyclable plastics, but remain largely outside formal 
EPR frameworks); low-value plastics (Multi-layered laminates, sachets, and thin films remain 
unrecyclable at scale and often leak into ecosystems); data gaps (limited standardized 
monitoring of plastic flows, leakage, and recycling rates across states); and technology and  
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infrastructure deficits (few large-scale Material Recovery Facilities (MRFs), poor segregation at 
source, limited safe recycling standards). 
 
Recent Innovations, Initiatives and Way Forward  
EPR Portal (2022) for digital traceability for compliance; Swachh Bharat Mission 2.0 focus on 
100% source segregation and reduction of single-use plastics; plastics in roads (Ministry of Road 
Transport allows shredded plastics in bitumen road construction); startup and circular 
initiatives like reuse systems, recycling technologies (mechanical & chemical), and 
biodegradable packaging innovations emerging; and UN Plastics Treaty Participation for 
member countries as India is actively part of global negotiations for a legally binding instrument 
on plastic pollution. Strengthen enforcement of bans and EPR obligations through penalties and 
audits; integrate informal sector into EPR systems with social protection and fair contracts; 
promote circular design (mono-materials, higher recycled content); invest in infrastructure (safe 
recycling facilities, biodegradable alternatives); and harmonize monitoring with standardized 
indicators (plastic footprint, leakage rates, recycling efficiency) are important. 
 
 
MONITORING AND METHODS: TOWARD COMPARABLE EVIDENCE  
 
Sampling domains  
Standardized approaches are necessary to support risk assessment and policy evaluation. 
Sampling domains includes water column, sediments, soils (including cropland), biota 
(gastrointestinal content, tissues), atmospheric fallout, and storm-drain solids. 
 
Size classes and taxonomy  
Macro (>25 mm), meso (5ɀ25 mm), micro (5 mmɀΫ ЪÍɊȟ ÎÁÎÏ ɉНΫ ЪÍɊ ÁÒÅ ÄÉÆÆÅÒÅÎÔ ÓÉÚÅÓȢ 
Important parameters are particle size distributions, shapes (fibers, fragments, films, beads), and 
polymers (e.g., PE, PP, PET, PS, PVC). 
 
 
ANALYTICS 
 
Visual microscopy with FTIR/Raman for polymer ID; pyrolysis-GC/MS for mass-based 
quantification; thermo -extraction desorption; QA/QC with procedural blanks and 
contamination control, especially for fibers are important and included procedures. 
 
Indicators for policy  
Leakage rate (kg per capita per year), capture efficiency of storm-drain nets, plastic density in 
river cross-ÓÅÃÔÉÏÎÓ ɉÉÔÅÍÓ ÍϲϪɊȟ ÍÉÃÒÏÐÌÁÓÔÉÃ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÉÎ ÓÏÉÌÓ ɉÉÔÅÍÓ ËÇϲϨɊ ÁÎÄ ÓÅÄÉÍÅÎÔÓ 
ɉÉÔÅÍÓ ËÇϲϨ ÏÒ ÍϩɊȟ ÁÎÄ ÍÉÓÍÁÎÁÇÅÄ ×ÁÓÔÅ ÓÈÁÒÅ ɉГɊ ×ÅÒÅ ÉÍÐÏÒtant parameters which were 
considered. 
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ECOSYSTEM-LEVEL IMPACTS 
 
Freshwater systems  
It affects hydrological function. Plastics accumulate in storm drains and canal networks, 
reducing conveyance and elevating urban flood risk during heavy rainfall. Blocked drains also 
create anaerobic conditions and vector breeding. There is disturbance and reduction in 
biodiversity. Fish, turtles, and birds are affected by ingestion and entanglement; microplastics 
in sediments alter benthic community structure and can act as substrates for biofilms that 
modify nutrient dynamics. Biogeochemistry has impact due to nanoplastics. Microplastics 
change sediment porosity and oxygen exchange; additives and sorbed pollutants (e.g., 
hydrophobic pesticides, PAHs) may co-transport with particles.  
 
Coastal and marine ecosystems  
In Mangroves and estuaries, root structures trap plastics, leading to smothering of 
pneumatophores, reduced seedling survival, and altered sediment microenvironments. As far as 
coral reefs and seagrass beds are concerned, films and fibers can abrade tissues and reduce light 
penetration; macroplastic debris promotes disease vectors and macroalgal overgrowth. Fisheries 
are affected severely. Gear entanglement and ghost fishing reduce stock biomass; ingestion of 
microplastics has been recorded in commercially important species, with potential sub-lethal 
effects. 
 
Terrestrial and agro -ecosystems 
Soil structure is impacted due to nanoplastic and microplastic. Films and fragments disrupt 
aggregation, water retention, and infiltration; microplastics can alter microbial community 
composition and enzyme activities relevant to nutrient cycling. Plant performance is affected. 
Evidence indicates variable effects on germination and root growth depending on polymer type, 
size, and concentration; black mulch films benefit yields in the short term but become 
contamination sources when retrieval is incomplete. Livestock and wildlife is also affected on 
large scale. Grazing animals ingest plastics at dumps or littered fields; birds and ungulates show 
gastrointestinal obstruction and reduced condition. 
 
Airborne microplastics  
Synthetic fibers from textiles and tire wear particles become airborne, depositing onto land and 
water. Inhalable fractions raise concerns for urban ecosystem health and co-exposures. 
 
 
INDIVIDUAL SPECIES -LEVEL IMPACTS 
 
Mechanisms of Nanoplastic Transfer Across the Placenta  
Maternal Uptake and Circulation is important to understand for individual and single species. 
Entry routes is inhalation (lungs Ÿ bloodstream), ingestion (gut Ÿ bloodstream), or dermal 
contact. Blood circulation does rest job for nanoplastic. Once in maternal blood, NPs can 
circulate bound to proteins (protein corona) or as free particles. Interaction with placental  
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trophoblasts takes place. These cells form the barrier between maternal and fetal blood. 
Nanoplastic crosses the Placental Barrier. The placenta has multiple layers 
(syncytiotrophoblasts, cytotrophoblasts, connective tissue, fetal endothelium). NPs can cross via 
endocytosis (Placental trophoblast cells engulf NPs via clathrin-mediated or caveolin-mediated 
endocytosis) and transcytosis (Vesicles carry NPs across trophoblasts and release them into fetal 
circulation). Smaller and positively charged particles are more efficiently transported. If NPs 
disrupt tight junction proteins (e.g., claudins, occludins), they can leak between cells, and this 
is known as Paracellular Transport. Inflammation in the placenta increases permeability, making 
it easier for NPs to pass through. Very small hydrophobic NPs (<50 nm) can diffuse directly 
across lipid bilayers of placental cells and this is known as Passive Diffusion. Carriers are 
adsorbed, NPs with a protein corona may be mistaken for nutrients (e.g., lipoproteins) and taken 
up via nutrient transport pathways. For example, NPs coated with albumin or cholesterol can 
mimic natural molecules. Placenta is supposed to protect the fetus, but nanoplastics (NPs, <1 
ЪÍɊ ÁÒÅ ÓÏ ÓÍÁÌÌ ÔÈÁÔ ÔÈÅÙ ÃÁÎ ÂÙÐÁÓÓ ÉÔÓ ÄÅÆÅÎÓÅÓȢ  
 
 
CELLULAR-LEVEL IMPACTS 
 
Crossing the Blood ɀBrain Barrier (BBB)  
Nanoplastics can cross the BBB, which normally protects the brain from harmful substances. 
Studies in rodents and zebrafish have shown that polystyrene nanoplastics can accumulate in 
brain tissue. Mechanisms: Endocytosis by endothelial cells, disruption of tight junctions, or 
transport along the olfactory nerve after inhalation. Neurotoxicity and Oxidative Stress is 
generated. Once in the brain, nanoplastics may generate reactive oxygen species (ROS), leading 
to oxidative stress. This can damage neurons and glial cells, impairing their function. Oxidative 
ÓÔÒÅÓÓ ÉÓ ÌÉÎËÅÄ ×ÉÔÈ ÎÅÕÒÏÄÅÇÅÎÅÒÁÔÉÖÅ ÄÉÓÅÁÓÅÓ ÌÉËÅ !ÌÚÈÅÉÍÅÒȭÓ ÁÎÄ 0ÁÒËÉÎÓÏÎȭÓȢ .ÁÎÏÐÌÁÓÔÉÃÓ 
ÃÁÎ ÁÃÔÉÖÁÔÅ ÍÉÃÒÏÇÌÉÁ ɉÔÈÅ ÂÒÁÉÎȭÓ ÉÍÍÕÎÅ ÃÅÌÌÓɊȢ #ÈÒÏÎÉÃ ÍÉÃÒÏÇÌÉÁÌ ÁÃÔÉÖÁÔÉÏÎ ÍÁÙ ÃÁÕÓÅ 
neuroinflammation, which contributes to neuronal death and cognitive decline. Therefore, it is 
responsible for inflammation. Nanoplastics interact with brain cells primarily by crossing the 
BBB, entering neurons and glial cells via endocytosis or membrane disruption, and then 
inducing oxidative stress, inflammation, lysosomal dysfunction, and synaptic disruption. Over 
time, these processes contribute to neurodegeneration and behavioral alterations. 
Pathways include transcellular transport (uptake by endothelial cells via endocytosis (clathrin-
mediated, caveolin-mediated); paracellular transport (disruption of tight junction proteins 
(claudins, occludins) increases BBB permeability; trojan horse effect (NPs carried by immune 
cells like macrophages that cross the BBB). Through olfactory pathway, inhaled nanoplastics can 
travel along the olfactory nerve directly into the brain. 
Intracellular Effects includes oxidative Stress (nanoplastics increase ROS generation in 
mitochondria, leads to mitochondrial dysfunction, reduced ATP, and neuronal apoptosis); 
ÉÎÆÌÁÍÍÁÔÏÒÙ ÓÉÇÎÁÌÉÎÇ ɏÍÉÃÒÏÇÌÉÁ ÒÅÃÏÇÎÉÚÅ .0Ó ÁÓ ȰÆÏÒÅÉÇÎȟȱ ÔÒÉÇÇÅÒÉÎÇ .&-ʍ" activation and 
secretion of pro-inflammatory cytokines (IL -Ϋʃȟ 4.&-ʂɊɐȠ ÔÈÅÎ ÔÈÅÒÅ ÉÓ ÃÈÒÏÎÉÃ ÁÃÔÉÖÁÔÉÏÎ ×ÈÉÃÈ 
leads to neuroinflammation; autophagy and lysosomal damage (NPs accumulate in lysosomes 
Ÿ rupture Ÿ release of enzymes and cell damage, impaired autophagy contributes to protein  
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aggregation); and synaptic dysfunction [altered calcium signaling disrupts neurotransmitter 
release (dopamine, glutamate), leads to memory and learning deficits]. In developing brains, 
NPs can interfere with neural stem cell proliferation and differentiati on, axon guidance and 
synapse formation, and epigenetic changes (DNA methylation, histone modification) that affect 
long-term brain function.  
There is synergistic toxicity as nanoplastic are carrier of pollutants. Nanoplastics adsorb heavy 
metals (e.g., Pb, Cd), endocrine disruptors (bisphenol A, phthalates), and hydrophobic organics 
(PCBs, PAHs). Once in the brain, these co-contaminants are released, amplifying neurotoxicity. 
.ÁÎÏÐÌÁÓÔÉÃÓ ÁÃÑÕÉÒÅ Á ȰÐÒÏÔÅÉÎ ÃÏÁÔȱ ÉÎ ÂÉÏÌÏÇÉÃÁÌ ÆÌÕÉÄÓȟ ×ÈÉÃÈ ÁÌÔÅÒÓ ÔÈÅÉÒ ÉÎÔÅÒÁÃÔÉÏÎ ×ÉÔÈ 
neurons and glia to create Protein corona effect. 
 
 
NEUROTRANSMISSION AND BEHAVIOR  
 
Animal studies have reported altered neurotransmitter levels (e.g., dopamine, acetylcholine) in 
response to nanoplastic exposure. Behavioral effects in zebrafish and rodents include reduced 
learning and memory performance; anxiety-like or hyperactive behavior; and impaired motor 
coordination. In embryonic or juvenile models, nanoplastic exposure disrupted 
neurodevelopment, affecting brain morphology and synapse formation. Prenatal exposure (in 
pregnant mice) suggested that nanoplastics can cross the placenta and influence fetal brain 
development. Nanoplastics often adsorb heavy metals, pesticides, or persistent organic 
pollutants. This can increase the toxicity burden on the brain, worsening oxidative stress and 
inflammatory responses. 
 
 
MECHANISMS OF TOXICITY IN THE WOMB  
 
Nanoplastics can cross the placenta mainly through endocytosis/transcytosis, paracellular 
leakage, passive diffusion, and protein-mediated transport. Once inside, they may compromise 
placental function and directly expose the fetus to plastic particles and associated chemicals, 
with potential long -term developmental consequences. There is Oxidative Stress; Placental cells 
exposed to NPs produce ROS Ÿ DNA damage, apoptosis. There is Inflammation also. Placental 
inflammation can impair nutrient/oxygen transpo rt to the fetus. Consequently, Hormonal 
disruption is there; some NPs carry endocrine-disrupting chemicals (like bisphenol A or BPA, 
phthalates), which affect fetal development. Finally Epigenetic modifications take place, NPs 
may alter DNA methylation in fetal cells, influencing long-term health outcomes. 
 
 
EVIDENCE FROM STUDIES 
 
In vitro (human placental cells, ex vivo perfusion of human placenta) studies were conducted 
and found that Polystyrene NPs cross within hours. Animal studies (rodents, zebrafish) were 
also done. Maternal exposure Ÿ accumulation of NPs in fetal brain, liver, and GI tract. Human  
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evidence (limited) exists. Microplastics have been detected in human placenta samples, but 
nanoplastic detection in fetal tissues is still developing. 
 
 
RESULTS & CONCLUSION 
 
Community burdens are unequal as low-income neighborhoods often abut dumpsites and 
receive flood waters bearing mixed waste, compounding health risks from contaminated water 
and vector-borne disease. Human exposure pathways (dietary, inhalation, dermal) intersect with 
chemical additives (phthalates, bisphenols, flame retardants) and adsorbed pollutants; while 
ecological harm is documented, many exposureɀoutcome relationships for human health 
require further study to establish causality and doseɀresponse. Solutions landscape and 
case-appropriate Interventions are important strategies to deal with nanoplastic pollution 
problem. Upstream and market-based measures are essential aspects in management of plastic 
pollution.  
Design for circularity deals with shift from multi -layer laminates to mono-material or 
compatible structures; eliminate problematic additives and pigments; incorporate minimum 
post-consumer recycled (PCR) content with quality standards for food-contact safety. EPR clear 
targets for collection and recycling, eco-modulated fees favoring design changes, traceable 
Producer Responsibility Organizations (PROs), and alignment with state and municipal plans. 
Concept of reduction and reuse must be emphasized. Levy or ban selected single-use items with 
proven alternatives; incentivize refill/reuse systems for food service and e-commerce; support 
durable packaging pools for B2B logistics are better are other tools in management of plastic 
pollution. In midstream systems and infrastructure, concept of inclusive collection for 
door-to-door segregated collection with material recovery facilities (MRFs) that integrate 
informal workers as formalized cooperatives; provide PPE, health insurance, and fair contracts 
is highly effective. Leakage control in case of litter prevention and enforcement; storm-drain 
trap nets and smart litter interception at high -load are good step.  
Biodegradable plastics are sustainable, environmentally friendly alternatives made from biomass 
and degradable materials that have emerged as a resolution to the undesirable effects of plastics. 
The production of bioplastic uses large amounts of natural resources, including plants and 
agricultural waste. These biodegradable films are an excellent and innovative alternate to 
conventional plastics due to their outstanding biodegradability, thermal stability, elasticity, and 
capability to utilize biomass while ensuring eco-safety and sustainability. By using sustainability 
strategies such as, enlightening technologies to increase the lifetime of biodegradable plastic, 
manufacturing new additives to obtain biodegradable plastics totally degradable etc., the 
biodegradable plastics can be more sustainable and used in a sustainable society effectively.  
Adoption of plastic free life is one of the best options to deal with plastic pollution. Replacement 
of stainless-steel bottles, like these from pure stainless that can work for the whole family, from 
babies to kids to adults. Look for food products stored in glass over plastic and store leftovers at 
home in glass or ceramic containers as well. Avoid plastic labeled with the recycle symbol #3 is 
made of PVC. Try not to heat food or liquids in plastic or pouches. High heat allows plastic to 
leech chemicals faster. Plastic is polluting environment, ecosystems, oceans, impacting  
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biodiversity, and affecting human health. A systemic change is needed where resources are 
valued, redesigned, and reused. Well evidence-based impacts at genetically, cellular, tissue and 
organism level affects have been established by medical toxicology experts throughout globe are 
observed.  A plastic-free planet should not be only for the privileged, but should also provide 
solutions and alternatives for many who depend upon this cheap, light, and accessible material. 
It is important that in the rush to b ecome plastic-free, we do not suddenly turn to unsustainable 
or damaging alternatives.  
Through programs in education, activism, and science, we advocate for global change to 
support a circular economy and sustainable communities worldwide to end plastic pollution in 
a sustainable manner. Many types of microbes can degrade plastic, including bacteria and fungi. 
Some bacteria that can degrade plastic include Bacillus, Pseudomonas, Escherichia, 
Rhodococcus, Azotobacter, Ralstonia, Halomonas. Some fungi that can degrade plastic include 
Aspergillus, Filamentous fungi. These microbes can be found in a variety of ecosystems, 
including soil, compost facilities, and even insect guts. Environmental and Biotechnology 
applications can play important role in plastic pollution management toward sustainability.  
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ABSTRACT 
 
An important case study at the nexus of territorial rights and ecological protection is the ongoing 
ÓÏÖÅÒÅÉÇÎÔÙ ÉÓÓÕÅ ÏÖÅÒ ÔÈÅ 3ÃÁÔÔÅÒÅÄ )ÓÌÁÎÄÓ ɉ_ÌÅÓ OÐÁÒÓÅÓɊȢ 4ÈÉÓ ÓÔÕÄÙ ÅÖÁÌÕÁÔÅÓ -ÁÄÁÇÁÓÃÁÒΎÓ 
ability to administer these ecologically significant regions in compliance with international 
conservation criteria and investigates whether environmental protection warrants France's 
continued administration of these islands. The legitimacy of environmental defenses for territorial 
occupancy under international law is called into issue by the sovereignty dispute between 
Madagascar and France over the Scattered. Madagascar asserts its historical and legal rights over 
the region, backed by UN resolutions, whereas France retains sovereignty of these islands, citing 
ecological protection as the key reason. This essay evaluates Madagascar's ability to manage these 
ecosystems, looks at the viability of France's environmental case, and considers possible 
frameworks for collaborative conservation under Malagasy sovereignty. Legally speaking, 
Madagascar's claim is based on the uti possidetis juris concept, which preserves borders from the 
colonial era at the time of independence. No clause in international law enables possession of the 
islands for environmental reasons alone, and UN Resolution 34/91 (1979) expressly acknowledges 
the islands as an essential component of Madagascar. Despite these legal underpinnings, France's 
ongoing governance violates the principles of territorial sovereignty and self-determination.  
Scientifically, while the Scattered Islands host unique biodiversityɂincluding coral reefs, seabird 
colonies, and endangered marine speciesɂtheir protection does not inherently require French 
ÏÖÅÒÓÉÇÈÔȢ &ÕÒÔÈÅÒÍÏÒÅȟ &ÒÁÎÃÅȭÓ ÍÉÌÉÔÁÒÉÚÅÄ ÐÒÅÓÅÎÃÅ ÃÏÎÔÒÁÄÉÃÔs its stated ecological objectives, 
suggesting that alternative, sovereignty-respecting conservation models are both feasible and 
preferable. In finale, there is no moral or legal basis for France's environmental defense of its 
occupation of the Scattered Islands. With the right international assistance, Madagascar is more 
than capable of managing these areas. In accordance with international law, a resolution that 
supports Malagasy sovereignty will protect the islands' ecosystems. The case emphasizes the 
necessity of separating ecological care from neo-colonial territorial demands and promoting fair 
collaborations in international environmental governance in its place. 
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Keywords: International law, Environmental sovereignty, Ecosystem, Scattered islands, 
maritime conservation 
 
 

INTRODUCTION  
 
There are territorial and biological aspects to the Scattered Islands sovereignty dispute. It poses 
important queries regarding the validity of decolonization -based territory claims and the degree 
to which environmental preservation can be used as an excuse for ongoing foreign rule. France 
retains control, mainly because of the islands' biological significance, whereas Madagascar 
asserts its sovereignty based on colonial succession and UN decisions. This contradiction places 
the disagreement in the context of larger discussions regarding neo-colonial governance and 
environmental justice. 
The complex intertwining of politics, law, environment, and history in the postcolonial world is 
ÅØÅÍÐÌÉÆÉÅÄ ÂÙ ÔÈÅ ÓÏÖÅÒÅÉÇÎÔÙ ÉÓÓÕÅ ÏÖÅÒ ÔÈÅ 3ÃÁÔÔÅÒÅÄ )ÓÌÁÎÄÓȟ ÏÒ _ÌÅÓ OÐÁÒÓÅÓȢ %ÕÒÏÐÁȟ "ÁÓÓÁÓ 
da India, Juan de Nova, the Glorieuses, and Tromelin are among the islands in the southwest 
Indian Ocean. Despite their modest size and lack of inhabitants, they have a disproportionately 
big impact due to the ecological assets they protect and the exclusive economic zones that 
radiate out from them. Since Madagascar's independence in 1960, France has maintained 
administrative responsibility over the conflict, which has remained unsolved for decades. 
There is no denying the islands' strategic importance. Mineral resources, hydrocarbons, and 
fisheries may be found in their marine zones. Possession of the islands helps France maintain its 
position as a major maritime power and enhances its geopolitical influence in the Indian Ocean. 
For Madagascar, the issue is not merely one of economic opportunity and environmental 
fairness, but also one of territorial integrity. The circumstance is indicative of a larger historical 
trend whereby minor but strategically significant areas continue to be impacted by unresolved 
colonial legacies. 
In terms of ecology, the islands are unique. According to studies, the reefs around Europa and 
Bassas da India feature some of the region's healthiest coral cover, providing vital resilience 
ÁÇÁÉÎÓÔ ÏÃÅÁÎ ÁÃÉÄÉÆÉÃÁÔÉÏÎ ÁÎÄ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ɉ1ÕïÔÅÌ ÅÔ ÁÌȢȟ άΪ10). Additionally, they serve as 
nesting grounds for sea turtles that are listed as endangered by the International Union for 
Conservation of Nature (IUCN), such as the hawksbill turtle (Eretmochelys imbricata) and the 
green turtle (Chelonia mydas). The islands are essential nodes in the biological network of the 
western Indian Ocean because seabird colonies of regional significance use them for nesting 
(Gascuel et al., 2016). 
The principle of uti possidetis juris, which is established in international law to guarantee that 
decolonized governments inherit the territorial boundaries of their colonial predecessors, is the 
main legal foundation for Madagascar's stance. After independence, this idea aims to prevent 
disputes and stabilize borders (Sarvarian, 2015). A solid foundation for claims of sovereignty 
exists in the Malagasy case because the islands were formerly a part of the colonial 
administrative unit of Madagascar. With Resolution 34/91 of 1979, which recognized the 
Scattered Islands as part of Madagascar's territory, and Resolution 1803 of 1962 on permanent  
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sovereignty over natural resources, which maintained the inseparability of political sovereignty 
and resource control, the UN General Assembly reinforced this stance. 
However, France has based its counterargument on environmental considerations. It contends 
that its management makes it possible to establish marine protected zones, conduct scientific 
surveillance, and enforce conservation laws in these isolated areas (PrÅÓÓïȟ άΪάέɊȢ 4ÈÉÓ ÖÉÅ× ÈÏÌÄÓ 
that only metropolitan France have the knowledge and resources necessary to preserve these 
delicate ecosystems. Despite being presented in an ecological framework, this argument 
combines national status, geopolitical aspirations, and conservation. It is a type of ecological  
imperialism that extends colonial power under the pretense of environmental stewardship, 
according to critics (Njoh, 2022). 
This research is unique since it integrates various threads into a single analytical framework. In 
addition to restating Madagascar's claims to sovereignty, the uniqueness shows that the country 
can manage these islands in a way that complies with international conservation criteria by using 
governance analysis and ecological data. Thus, this study promotes the need for ecological 
preservation as well as the effective decolonization agenda. 
There are three goals for this study. The legal foundations of Madagascar's sovereignty claim are 
first stated, and they are assessed in light of international law and jurisprudence. The biological 
importance of the islands and the difficulties in protecti ng them are examined in the second 
section. In order to provide a workable framework for conservation led by Madagascar, it 
evaluates the country's governance capabilities and draws on its knowledge of community-
managed marine reserves and national protected areas. 
Four sections constitute the framework of the paper. After this introduction, the sources and 
analytical techniques are described in the materials and methods section. Legal, ecological, and 
governance evaluations are combined in the results and discussion. The findings are 
summarized, the limitations are pointed out, and further study and policy directions are 
provided in the conclusion. 
 
 

MATERIALS AND METHODS  
 
An interdisciplinary approach that combined governance evaluation, ecological synthesis, and 
legal research was used to execute this study. Legally speaking, the study examined scholarly 
publications on sovereignty issues, General Assembly decisions, and the fundamentals of 
international law. The interpretation of the uti possidetis juris principle in international 
ÊÕÒÉÓÐÒÕÄÅÎÃÅȟ ÓÐÅÃÉÆÉÃÁÌÌÙ ÒÅÇÁÒÄÉÎÇ ÄÅÃÏÌÏÎÉÚÁÔÉÏÎ ÉÎ !ÆÒÉÃÁȟ ×ÁÓ ÅØÁÍÉÎÅÄ ɉ4ÕÂÉçȟ άΪΫΫɊȢ 
Primary sources included United Nations resolutions such as Resolution 34/91 on the Scattered 
Islands and Resolution 1803 on permanent sovereignty over natural resources. The legal reason 
was informed by comparative studies of island disputes under the International Court of Justice 
(Schrijver & Prislan, 2015; Thirlway, 2017). 
Secondary data from scientific publications served as the foundation for the ecological 
component. Comprehensive data on seabird numbers, turtle nesting locations, and coral cover 
×ÅÒÅ ÐÒÅÓÅÎÔÅÄ ÉÎ ÓÔÕÄÉÅÓ ÂÙ 1ÕïÔÅÌ ÅÔ ÁÌȢ ɉάΪΫΪɊ ÁÎÄ 'ÁÓÃÕÅÌ ÅÔ ÁÌȢ ɉάΪΫΰɊȢ  
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Additional resources on Madagascar's conservation provided information on the capabilities and 
results of ecological management. Analyzing Madagascar's conservation frameworks, especially 
the Durban Vision that created the System of Protected Areas of Madagascar (SAPM), was the 
governance component. To assess the practical governance outcomes, case studies like the 
Velondriake locally managed marine area (LMMA) and other community-based conservation 
efforts were looked at (Harris, 2009; Corson, 2014). These were contrasted with French methods 
for creating and managing marine protected areas in the Scattered Islands. 
A thorough review of the literature on methodology was used in the study. Legal records, 
ecological research, and governance reports were acquired from academic databases and 
institutional archives. Legal documents were coded for principles and precedents, ecological 
studies were examined for biodiversity indicators, and governance documents were assessed for  
community involvement and institutional performance as part of the qualitative analysis. There 
was no generation of fresh field data. To support claims, existing ecological data such as turtle 
nesting numbers and coral cover percentages were qualitatively assessed. 
The International System of Units (SI) was used to preserve all ecological metrics. Turtle count 
as nesting events each season, fish biomass in kilos per hectare, and coral cover in percentages 
were each indicated. To create an in-depth assessment, the investigation combined these aspects 
with governance and legal factors. 
 
 

RESULTS AND DISCUSSION 
 
Legal Dimensions of Sovereignty  
The foundation of the legal defense of Madagascar's sovereignty is uti possidetis juris. The 
Scattered Islands were governed by the Malagasy colonial unit at the time of its independence 
in 1960. The administrative borders that were in place at the time of decolonization are followed 
by territorial integrity under international law (Sarvarian, 2015). As a result, there is a strong 
assumption that Madagascar is the rightful owner of the islands. 
In Resolution 34/91, which specifically demands that the islands be returned to Madagascar, and 
in Resolution 1803, which highlights the idea of perpetual sovereignty over natural resources, 
the General Assembly reaffirmed this position. These resolutions have normative weight because 
they recognize the right of peoples to self-determination and define decolonization practices. 
Ecological responsibility is an essential component of France's counterargument. It asserts that 
its ongoing management is necessary for environmental protection. Nevertheless, the legal basis 
of this stance is weak. States are obligated by international law to collaborate, implement the 
precautionary principle, and undertake out environmental impact assessments, among other 
environmental-related commitments (Yiallourides and Ermolina, 2021). However, sovereignty 
rights are not created by these requirements. They need collaboration between claimants rather 
than unilateral appropriation and are equally applicable in contested territory. According to 
4ÈÉÒÌ×ÁÙ ɉάΪΫαɊȟ ÃÏÕÒÔÓ ÈÁÖÅ ÒÅÐÅÁÔÅÄÌÙ ÈÅÌÄ ÔÈÁÔ ÅÆÆÅÃÔÉÖÉÔïÓȟ ÏÒ ÆÁÃÔÕÁÌ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎȟ ÍÁÙ 
support claims in cases where title is ambiguous, but they cannot supersede obvious legal title 
based on colonial inheritance and UN resolutions. 
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Therefore, it may occur to interpret France's environmental protection as an effort to convert 
obligations into sovereign claim. The law does not acknowledge this. Furthermore, two 
fundamental principles of the UN Charter the right to self -determination and the norm of 
peaceful occupationɂare violated by France's militarization of the islands. 
 
Challenges in Conservation and Ecological Significance  
Ecosystems of exceptional significance can be found in the Scattered Islands. High diversity and 
durability coral reefs that are only equivalent to a small number of surviving places worldwide 
×ÅÒÅ ÒÅÐÏÒÔÅÄ ÂÙ 1ÕïÔÅÌ ÅÔ ÁÌȢ ɉάΪΫΪɊȢ 4ÈÅÓÅ ÒÅÅÆÓ ÁÒÅ ÅÓÓÅÎÔÉÁl for climate resilience, regional 
fisheries productivity, and biodiversity. Gascuel et al. (2016) emphasized the islands' function as 
ecological sanctuaries by confirming the existence of seabird colonies and endangered turtle 
populations. 
These ecosystems are indeed under danger. Fish and reef populations are at risk from illegal 
fishing, especially when it gets carried out by industrial vessels. Sea level rise and coral bleaching 
are made exacerbated by climate change. Native biodiversity is threatened by invasive species,  
which are frequently unintentionally introduced. Adaptive tactics that can react to these 
changing challenges, ongoing monitoring, and coordinated ecosystem management are 
necessary for effective conservation. 
There is no doubt about the islands' natural diversity. However French oversight is not often 
essential to maintain biodiversity. Under Malagasy sovereignty, conservation can be 
accomplished with the assistance and collaboration it deems necessary. France's militarized 
administration reveals a contradiction between its words and its actions, undermining its 
professed ecological intentions. 
 
The Governance Capacity of Madagascar  
 Madagascar has gained an immense amount of conservation experience despite difficult 
economic circumstances. The System of Protected Areas of Madagascar (SAPM) saw a sharp 
increase in protected area coverage as a result of the Durban Vision. This concept featured 
community -based and co-managed areas in addition to state-managed reserves. The 
Velondriake LMMA, which combines scientific monitoring with local community regulations 
and has produced quantifiable conservation results, was described by Harris (2009). 
Madagascar has shown ingenuity and flexibility in forming alliances with NGOs, academic 
institutes, and foreign collaboration (Corson, 2014).  
With a large number of Malagasy scientists involved in the planning and oversight of protected 
areas and community-based conservation programs, Madagascar enjoys a substantial national 
expertise in environmental management and biodiversity conservation [Aubert et al., 2010; 
Rakotobe & Stevens, 2024]. Madagascar would be able to meet international norms of ecological 
stewardship thanks to its scientific capabilities, which shows that sovereignty over the Scattered 
Islands would be based on professional competence and established indigenous knowledge. 
These experiences demonstrate that Madagascar may accomplish conservation goals by fusing 
indigenous knowledge with scientific skills. 
In contrast, top-down management, legislative designations, and urban institutions are key 
ÃÏÍÐÏÎÅÎÔÓ ÏÆ &ÒÁÎÃÅΈÓ ÃÏÎÓÅÒÖÁÔÉÏÎ ÅÆÆÏÒÔÓ ÉÎ ÔÈÅ 3ÃÁÔÔÅÒÅÄ )ÓÌÁÎÄÓ ɉ0ÒÅÓÓïȟ άΪάέɊȢ  
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This paradigm runs the risk of excluding local stakeholders and maintaining neo-colonial 
systems of control, despite its apparent effectiveness. 
 
In the direction of collaborative conservation led by Madagascar  
According to the data, sovereignty and environment don't have to be confused. Foreign 
territorial authority is not necessary for the achievement of conservation. Strong ecological 
management and Malagasy sovereignty over the islands are compatible, so long as a sufficient 
strategy for economic independence is put in place. Co-management agreements with scientists 
and non-governmental organizations, or models like UNESCO biosphere reserves, could 
improve conservation results while upholding sovereignty. This would be consistent with 
sustainable development principles, which prioritize justice and environmental preservation. A 
cooperative framework that acknowledges Madagascar's rights and involves international actors 
in ecological conservation would also replace the historical injustice of colonial retention.  
 
 

CONCLUSION 
 
This multidisciplinary analysis has shown that, in accordance with General Assembly resolutions 
and the uti possidetis juris principle, Madagascar has a strong legal claim to the Scattered 
Islands. Since conservation duties cannot be converted into sovereignty rights, France's 
environmental defense of ongoing control is illegal. 
With coral reefs, turtle breeding grounds, and seabird colonies that need to be protected, the 
islands are significant ecologically on a worldwide scale. Integrated management is necessary to 
address the challenges they face, but Madagascar has demonstrated through its conservation 
history that it is capable of meeting this task. A strong basis for stewardship is provided by its 
international collaborations, community -based management strategies, and national protected 
area system. 
The result is unambiguous: Madagascar should win the sovereignty dispute. This would allow 
for inclusive, participatory, and sustainable conservation strategies in addition to upholding 
international law and decolonization objectives. Future studies should concentrate on the 
practical aspects of an independent Malagasy administration of the Scattered Islands rather than 
only theoretical governance frameworks under shared or international supervision. This means 
looking at how national institutions may exercise full sovereign authority while maintaining 
ecological protection, aided by scientific knowledge and international collaborations. This 
strategy confirms that acknowledging Madagascar's sole sovereignty and its ability to govern the 
islands sustainably free from outside interference is the key to resolving this conflict in the long 
run. 
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Abstract : 
Direct from the fairy tales the bioluminescent beetles lay a role of keystone species in environment. 
Fireflies shows a diverse ecological and behavioural life span varying from species to species. 
Current urban developments, agricultural activities and artificial light at night (ALAN) lead to 
decline in their population. Decline in the population is a major concern. Acc. To IUCN Red list 
many of species are yet to be studied. Identification of key threats and development and 
implementation of conservation strategies are need of hour.  
 
Keywords: Firefly; population decline; biodiversity; habitat degradation; ALAN; conservation. 
 
 
INTRODUCTION  
 
Fireflies (Coleoptera: Lampyridae) rank among our most charismatic insects, with distinctive 
bioluminescent courtship displays that make them an excellent flagship group for broader 
invertebrate conservation efforts [1].Fireflies shows a diverse life history traits, courtship 
behaviours (nonluminous fireflies showing pheromone based courtship while luminous fireflies 
showing courtship on the basis of species specific signals by exchanging a specific glowing 
pattern) [2,3].Inhabiting diverse habitats firefli es also show a difference in their growth and 
moulting stages. Based on the habitat the larvae can be aquatic, semiaquatic or terrestrial, adults 
are short lived in most of the species.  
From past few years conservation work has shown a great progress. The firefly Specialist Group 
×ÁÓ ÅÓÔÁÂÌÉÓÈÅÄ ÂÙ ÔÈÅ )ÎÔÅÒÎÁÔÉÏÎÁÌ 5ÎÉÏÎ ÆÏÒ #ÏÎÓÅÒÖÁÔÉÏÎ ÏÆ .ÁÔÕÒÅȭÓ ɉ)5#.Ɋ 3ÐÅÃÉÅÓ 3ÕÒÖÉÖÁÌ 
Commission with its primary mission being to identify and help conserve threatened firefly 
species around the world. 
 
 

CURRENT STATUS 
 
According to McDermott [4]a worldwide record of Lampyridae species 2200 firefly species is yet 
identified [4]. species discovery rates varied greatly across geographic regions (Figure 1b), likely  
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reflecting the distribution of relevant expertise. Most new species descriptions have come from 
Central America (Mexico), South and Southeast Asia and South America, with lower rates of 
species discovery in Europe, North America (United States/Canada) and East Asia. 
There is a gap of studies that creates a challenge for identification of various Asian species having 
a common genus. Most of the studies are focused on the regions of east Asia while there is a lot 
to be found in south and south east Asia. Some taxonomic groups lag new species discoveries, 
resent studies and discoveries has cleared the status of many species and also gave a change to 
classification. 
Many unknown cryptic species have been found using molecular phylogenetic tools for research 
[5]. These studies also provide the understanding of ecological diversity and adaptations among 
the family [6]. New studies also shown existence of few species in marine and intertidal habitats 
e.g., Micronaspis gabrielae [7,8] There have been recent advancements but there is a lot hidden 
in this fairyworld , yet to be discovered. This knowledge gap creates a hindrance in conservation 
programs and mitigation strategies. 
 

 
Figure 1 firefly and glow worm life cycle. 

 
 
WHEN LIGHTS GO OUT: REASON BEHIND THE DECLINE  
 
These glowing insects are facing a major threat of extinction. There is evidence of decline among 
the well-studied species, yet the conservation strategies are lacking [9]. There are various reports 
showing reduction in the habitat and the reduction in the  number of fireflies. [10]. The factors 
which are responsible behind the decline are discussed below. 
 
 
HABITAT DEGRADATION  
 
The major force behind the decline is habitat degradation and loss due to human activities [11]. 
Adult fireflies have short lifespan most of its life cycle is utilised by the moulting from larval 
stage to an adult. As larval stages have low dispersal rate the chances of decline due to habitat  
degradation rises. In the adult distinct courtship is observed the mating grounds are also  
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declining which decreases the mating rates. Several species are classified under IUCN Red list is 
due to habitat loss [12]. In India Abscondita chinensis population is declined drastically over the 
period of two decades. This species is found near the marshy areas along the paddy fields [13]. 
 
 
AGRICULTURAL EXPANSION AND USE OF PESTICIDES. 
 
Conversion of forest cover into agricultural land is leading cause of habitat fragmentation 
globally. On a global scale cultivation of palm and sugar cane and corn in central and west of 
south America, cultivation of paddy in South and central Asia [14]as these areas are expanded 
for more agricultural land use it degraded the habitats as chemical fertilizers and insecticides 
pollute the areas. Abscondita chinensis in Andhra Pradesh declined due water pollution in the 
marshy surroundings of paddy field.[13]. In Southeast Asian mangrove regions population of 
Pteroptyx tener and Rembau-Linggi declined as the mangrove habitats are affected by the 
expansion of palm plantations, rubber plantation and other agricultural activities [15]. These 
declines are also related to the untreated chemical runoff from these plantation areas [16,17] 
 
 
ARTIFICIAL LIGHT AT NIGHT (ALAN)  
 
)ÔȭÓ ÔÏÏ ÂÒÉÇÈÔȟ ÔÈÅ ÉÎÔÅÎÓÉÔÙ ÁÎÄ ÕÓÅ ÏÆ ÁÒÔÉÆÉÃÉÁÌ ÌÉÇÈÔ ÈÁÖÅ ÉÎÃÒÅÁÓÅÄ ÅØÐÏÎÅÎÔÉÁÌÌÙȢ ,ÉÇÈÔ 
ÐÏÌÌÕÔÉÏÎ ÉÓ Á ÍÁÊÏÒ ÔÈÒÅÁÔ ÔÏ ÆÉÒÅÆÌÉÅÓȭ ÐÏÐÕÌÁÔÉÏÎ ÁÃÒÏÓÓ ÔÈÅ ÇÌÏÂÅ ɏΫβɐȢ 5ÓÅ ÏÆ !,!. ÈÉÎÄÅÒÓ ÔÈÅ 
nocturnal cycle of fireflies, too bright lights effect the bi oluminescence signals resulting into 
lower courtship rates [19]. The effect of ALAN varies from species to species. Flightless species 
such as glow worms and larval have a higher chance of getting effected by the ALAN. As some 
spectrum of ALAN can mask bioluminescent signals it will increase the chance of predation and 
decreases the mating rates causing a decline in population [20]. High mortality rates are 
observed in Aquatica fact exposed to ALAN [21]. 
 

 
Figure 2 ALAN disturbs mating courtships and lowers the mating success of fireflies and glow-

worms. Source mira-light -pollution global -change-ecology ,news ,2022. 
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CHEMICAL POLLUTANTS  
 
Majority of small to medium agricultural establishments use broad spectrum insecticides that 
kill pest insects but also turns to be harmful to other insects harming a wide range of insects 
that are not intended to harmed [22,23]. Some regions have a strict control over the use of such 
harmful chemicals but in most areas, there is loose or no control over these insecticides like 
Furdan used for paddy, sugarcane and wheat pest management. Most of these pesticides persist 
for a period in soil and get mixed in runoff water leading to affecting the habitat. 
When sprayed over the foliage adults of many species comes under direct contact of these 
chemicals causing acute or chronic exposures. In India Abscondita chinensis population is 
declined drastically due to the runoff water from paddy fields [13]. The larval stage gets most 
exposure from these chemicals as it is long lived stage and undergo moulting either in soil or 
water (marshy habitat). 
 

 
Figure 3 various threats causing population decline. image source: Common Glow-worm  

ɉ,ÁÍÐÙÒÉÓ ÎÏÃÔÉÌÕÃÁɊ Ύ 0ÃÈÅÌÏÖÅËΫάΪί ɉ## "9-SA 4.0 Wikimedia Commons) 
  
 
THE GLOWING BEACONS: MITIGATION STRATEGIES 
 
With the current information and gaps many efforts have started, habitat degradation, ALAN, 
agricultural expansions are some major problems. With new research methods, data collection 
and using the IUCN Red list we can develop some species-specific programs to protect 
threatened fireflies. 
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INCREASING PUBLIC AWARENESS 
 
conservation programs totally depend upon the efforts put by the community. Various 
international bodies like Malaysia Nature society promoted world first firefly day and The Xerces 
Society have prepared science-based guidelines for firefly conservation in US and Canada 24. 
By the increasing number of organisation and participants in conservation programs community 
science ensure the maximal use of collected data. Conduction of public outreach programs to 
create an awareness about life cycle, diversity and conservation ned among the locals. Work with 
local organisations for protecting specific species available in that area. 
 
 
EVALUATION OF CURRENT STUDIES AND OF IUCN RED LIST 
 
IUCN Red list is internationally recognised and widely used tool for preparing conservation 
strategies. An evaluation among the 2200 firefly species needs to be done to determine the risks. 
Development of standardized protocols on the basis of IUCN Red list prioritizing the threatened 
species. Filling of knowledge gaps using distribution models and new approaches to fast-track 
work. 
 
 
HABITAT PROTECTION AND RESTORATION  
 
Due to the major degradation of habitat an effective conservation strategy must be focused on 
restoring the habitats. This will include restoring the habitat, protecting it and managing it for 
suitable conditions. The protection strategies will also include legally protecting the areas so 
pollution like ALAN around the habitat can be reduced to minimum. This may also include 
creation of buffer zone with proper guidelines preventing encroachment. Eliminating or 
regulations over the use of broad-spectrum insecticides. Protection of special wetland habitats. 
 
 
CONCLUSION 
 
These glowing beetles will become a fairy tale if not conserved. There are gaps and lack of 
information about many species, but by using molecular phylogenetic tools and other methods 
strong conservation plans can be designed. By compiling data from the IUCN Red list about 
various species a detailed species-oriented plan about conserving the species as well as its 
habitats, implementing these programs with strict enforcements will result into a complete 
action in firefly conservation. 
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ABSTRACT 
 
Spatial technology is a powerful technology in forest development, management and conservation. 
Environmental modelling using spatial technology (GIS, RS & GPS), as platform, can support many 
database queries tied to spatially referenced object and their associated attributes in waste land 
reclamation and management. Waste lands, which are marginally suitable area in open forest, 
found after analysis and modelling in GIS as 33.37 sq. km. This waste land area can be developed 
by considering basic needs like energy and biomass for local community members. Genesis of 
wasteland and their typologies into degraded forests, undulating land, gullied and ravinous land, 
degraded pastures, waterlogged, salt-affected and sand-affected areas etc. have been mapped and 
analysed with special reference to their relationship to natural environment, other land uses, 
human response and the problems and potentialities for reclamation. Action plan was developed 
for management and development of waste lands into forest cover to achieve sustainability.  
 
Keywords:  Spatial Technology, GIS Modelling, Degraded Forest, Sustainable Development, 
Forest Management. 
 
 
INTRODUCTION  
 
A degraded land and soil may be highly productive if forest is developed and spatial technology 
is one of the best available technologies used in forest management. Average fertile topsoil 
composition by volume is: mineral-45 % plus organic matter-5 % makes solid portion; and air- 
25 % plus water- 25 % constitute pore space [1]. Soil is supposed to have increased reflectance 
between 0.4 to 1.1 micro- meter wavelengths [2]. Land and soil degradation processes are site 
specific. So, it is essential to characterise and map the degraded areas because of site-specific 
development [3] and management plans could be made. Ecosystem functions are affected 
broadly due to all human activities.  
Remote Sensing (RS) Applications coupled with Geographic Information System (GIS) is 
extremely useful in the decision and solution [4] for environments management. The 
application areas for remotely sensed data are both wide and varied [5]. Radiometric data  
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potentially represent a very useful source of information in pedological research and land use 
pattern [6]. Ready and timely availability of satellite observations of existing land use pattern 
from various remote sensing satellites now provide a most cost-effective means of identification 
of different forms of land, status of water resources, quantification of soil moisture content and 
soil degradation to enable all nations to take appropriate measures for maintaining productive 
use [7] of environments. An environment may be related topologically with wastelands or forest 
ecosystems [8-10]; and may be affected by industrial pollution and consequently this may 
interfere indirectly with community people [11] living in nearby surrounding area and their 
economic status [12]. Remote Sensing coupled with Geographical Information System (GIS) can 
be extremely useful [13] for environment management. Soil is basic requirement for 
maintenance of biodiversity [14]. GIS is computer-based powerful system [15] that provides the 
following four sets of capabilities to handle georeferenced data: (a) input; (b) data management 
(data storage and retrieval); (c) manipulation and analysis; and (d) output. Because of the arid 
climate, complex geological conditions, and human activities, environmental problems like 
lake of water resources, desertification, salinization, and biogeochemical endemic diseases etc. 
occur in fragile regions of the environment [16]. Hence, there is an urgent necessity of 
systematic inventory, mapping and monitoring of land resources [17-18] leading to an ecological 
balance in an area. The digital data can be used to map various types of wastelands.  
The spatial distribution and soil nature of these lands can serve as the base for the 
implementation of various reclamation measures and afforestation programmes [19-20]. Proper 
monitoring and planning, through spatial technology, leads to management of natural 
resources and ecosystem for sustainable development [21]. Spectral signatures of water, 
agricultural land, forest, wasteland etc. differ from each other distinctly [22]. Environmental 
protection and ecological balance are essential to ensure that development is sustainable in the 
long run [23]. The physiography, hydrology and chemical characteristics of soils are greatly 
responsible for the various kinds of land-degradation hazards [24]. Any major disaster affects a 
wide range of sectors of a society which can include political, social, cultural, environmental, 
physical, technological and economic aspects [25]. The spectral behaviour of each unit varies 
according to the nature and percent cover [26]. The characteristics of the pictures reflected on 
the remote sensing images are formed mainly by the difference in information of the tone and 
the form characteristics [27]. 
 
 
STATEMENT OF PROBLEM 
 
Fast industrialization, local demand of forest items and development degraded ecosystem. 
Spatial technology, which include Geographical information system, Remote sensing and GPS, 
play important role in forest management. An effective strategy for enhancement of 
atmospheric carbon absorption productivity is through forests development in degraded forest 
areas and waste lands development. Forestry sector has significant emissions removal 
capability which can further be enhanced by operationalizing major afforestation and 
reforestation initiatives like National Mission for a Green India besides continued 
strengthening of the present protection regime of forests. Different types of waste lands  
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require different strategies for their development into forest areas; but few waste lands like 
rocky regions, glacier regions etc cannot be developed into forest areas. Atmospheric carbon 
management is major problem before world community in present circumstances to control 
environmental pollution.  

 
 
RELATED WORK 
 
Various types of remote sensing data, such as, SAR, MSS, TM, ETM, MOMS, AVHRR and SPOT 
etc. lave been used for earth resources management and development of semi-arid regions by 
various governmental agencies, institutions, and universities of the world. Remote sensing and 
GIS are economic and adequate for the land survey and land use classification of semiarid 
regions of Paraiba state of Brazil [28].  
Digital image analysis of Landat-TM data in eastern Connecticut for regional land use and land 
cover classification [29] can provide better visualization of the environment. The results were 
found most satisfactory for regional planning in the state of Connecticut. ERDAS Imagine 
Software and SPOT data is a good combination for land use and land cover mapping in order 
to develop the region of the Paraiba sate of Brazil [30-32]. GIS system can be extremely useful 
for land use planning and management of semi-arid regions of northeastern Brazil, using digital 
image processing on Landsat-TM and SPOT data [33]. Supervised classification for the soil and 
land use studies for a part of semiarid regions of Brazil [34] and comprehensive work for land 
use planning in semi-arid regions of NE Brazil, using SPOT HRV data were analyzed in details 
[35-36]. Wasteland means degraded land which can be brought under vegetative cover with 
reasonable efforts, and which is currently under-utilized, or land which is deteriorating du e to 
lack of appropriate water and soil management or on account of natural causes [37].  
!ÂÏÕÔ Ϋΰ ÐÅÒ ÃÅÎÔ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÇÅÏÇÒÁÐÈÉÃÁÌ ÁÒÅÁ ÉÓ ÕÎÄÅÒ ×ÁÓÔÅÌÁÎÄÓ ɏέβɐȢ )ÎÆÏÒÍÁÔÉÏÎ ÏÎ 
geographical location, aerial extent and spatial distribution of wastelands is essential for their 
effective management and sustainable development [39]. The plains of north Bihar in eastern 
India have recorded the highest number of floods in India in the last 30 years [40].  
In India, an estimated 2.46 Mha of land is reported to have suffered from water logging [41]. 
India is estimated to have about 58.2 million hectares of wetlands [42] many of which are 
distributed around the Indo -Gangetic plains.   
 
 
STUDY AREA 
 
Sirsiya Block (Shravasti District, UP, India) covering an area of 529.502 sq. km. between 
ÌÏÎÇÉÔÕÄÅ βΫТήγΈ ÔÏ βάТΫάΈ .ÏÒÔÈ ÁÎÄ ÌÁÔÉÔÕÄÅ άαТέΰΈ ÔÏ άβТίΰΈ %ÁÓÔȢ )Ô ÆÁÌÌÓ ÁÄÊÁÃÅÎÔ ÔÏ ÔÈÅ ÆÏÏÔ 
hills of Nepal in Survey of India (SOI) Toposheet No. 63E/13 &14 and 63I/1&2 on 1:50,000 scale. 
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DATA USED & METHODOLOGY  
 
Data Used  
Data used in the study are primary and secondary. Secondary data was collected from various 
sources and reports. Primary and secondary data was analyzed. 
 
Methodology  
In Methodology in forest management using spatial technology (Remote Sensing, GIS & GPS) 
was used for identification and demarcation of waste lands in forested area. Degraded forest 
areas were also identified as these areas can be used to increase canopy cover. Methodology 
followed (in case of waste land development by management of degraded forest ecosystem in 
Sirsiya Block, (Shravasti District, India) include: (i) preparation of base -map from Survey of 
India topographical sheet; (ii) visual interpretation  of Satellite data/ Imagery to study the 
various aspects of environment like biogeological aspects, vegetation, geology, urban-sprawl, 
hydromorphogeology, structural features and land use of the area; (iii) digital enhancement of 
Remote sensing data for delineating vegetation, geomorphic and structural elements; (iv) 
correlation of digital enhanced Remote sensing data with other data; (v) preparation of 
vegetation anomaly map, hydromorphogeological & land-use maps from satellite imagery for 
study of vegetation aspects, land degradation aspects, groundwater potentiality and change in 
recharge capacity by changed land-use patterns; (vi) imposition of interpreted Remote Sensing 
data on base-map; (vii) soil samples' analysis to estimate fertility aspects; (viii) field traverses 
for sample collection of soil, water & chlorophyll data using guide map and analysis; (ix) analysis 
and modelling in GIS; (x) application of GIS based approach for planning & management of 
waste land development to take decision as per action plan.  
 
Modelling in GIS  
GIS has all the functionality of a conventional DBMS plus much of the functionality of a 
computer mapping system. GIS as a DBMS that allows us to explicitly handle the spatial. In our 
study, Geomedia Intergraph GIS System was used. In analysis/ modelling, equation and syntax 
used in GIS (INTERGRAPH) for different overlays is: Output = select{i1=1,1,0}+ 
select{i2=2,2,0}+select{i3=3,3,0}+ select{i4=4,4,0}+---, where i is input and 1,2,3,4, --- N 
represents number of layers overlayed. Analysis and overlaying steps for open degraded forest 
area were done in following steps: Step-1: Open forest map Vs. Ground water potential map; 
Step-2: Step 1 Vs. Soil texture map; Step-3: Step 2 Vs. Soil fertility map; Step-4: Step 1,2 and 3 
repetition for various combinations.  Final output was obtained in the form of required manner 
and combinations as per objectives of research problem for action plan to implement.  
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RESULT & CONCLUSION  
 
Output of Analysis  
Figure 2 shows the results of analysis and modelling in GIS. Analysis and modelling in GIS 
provide output in desired manner as per objectives for execution and implementation of action 
plan during decision. Sirsiya block covers total open forest area 46.26 sq. km. Highly suitable, 
moderately suitable and marginally suitable area in open forest found after analysis in GIS are 
1.60 sq. km., 11.29 sq. km. and 33.37 sq. km. (basically waste land) respectively; and hence, the 
attention for development and management of open degraded forest, basically waste land area, 
is given as per required suitability prioritization. GIS based dynamic maps indicating waste 
lands (open degraded forest) development/ management based on objective(s) to implement 
action plan and red, pink and blue colours are used to depict waste lands for development as 
highly suitable, moderately suitable and marginally suitable respectively for execution of action 
plan.  
 
 
 
 
 
 
 
 
 

Fig. 1 Flow chart for open degraded forest area suitability

analysis.
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Figure 2: GIS based dynamic map indicating waste lands (open degraded forest) development/ 
management plan. Red, pink and blue colours are used to depict waste lands for development 

as highly suitable, moderately suitable and marginally suitable respectively. 
 
 
DISCUSSION 
 
Application potentiality of spatial technology for development of waste lands into forest is very 
high. According to the 2021 India State of Forest Report (ISFR), India's total forest cover 
is 7,13,789 square kilometers, which is 21.71% of the country's geÏÇÒÁÐÈÉÃÁÌ ÁÒÅÁȢ )ÎÄÉÁȭÓ ÁÒÅÁ 
under forest tree cover sequesters 138 million tons of CO2 every year. Estimations reveal that the 
average carbon absorption of the forests was around 1,240 grams (1.240 Kg) of carbon per square 
meter of canopy area. To stabilize atmospheric CO2, role of forestry depends on harvesting and 
disturbance rates, expectations of future forest productivity, and the ability to deploy technology  

and forest practices to increase the retention of sequestered CO2. There is a considerable self-
damping effect that will moderate the future increase of the atmospheric carbon dioxide 
concentration.  
Capacity of the ocean to absorb carbon dioxide is limited; but atmospheric carbon absorption 
potentiality of India forests can be increased tremendously through reforestation, afforestation 
and development of degraded forest areas and waste lands. The Government policies for forest 
management and development must be understood with respect to local people of the area, 
along with fauna and flora in the region. About 60 % of Indian waste lands can be developed to 
increase forest cover with reasonable efforts. When National Mission for a Green India as part 
ÏÆ ÔÈÅ Ȭ.ÁÔÉÏÎÁÌ !ÃÔÉÏÎ 0ÌÁÎ ÏÎ #ÌÉÍÁÔÅ #ÈÁÎÇÅȭ ɉ.!0##Ɋ ÂÅÃÏÍÅÓ ÏÐÅÒÁÔÉÏÎÁÌȟ ÔÈÅ ÃÁÐÁÂÉÌÉÔÙ 
of the forestry sector to contribute in GHG removal will further enhance. Furthermore, 
afforestation and reforestation of 6 million hectares of degraded forest land covered under the  
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National Thus, application of Spatial technology is extremly useful for development and 
management of forests in sustainable manner to meet the demands of people and industry. 
 
 
CONCLUSION 
 
Spatial technology (Remote Sensing or RS, Geographical Information System or GIS and global 
positioning system or GPS) opens ways for better monitoring, planning, development and 
management of waste land development in sustainable manner to grow forest. Spatial patterns 
and variations of different attributes relating to landform, land use, wasteland and demographic 
characteristics and their spatial association are brought out in the study.  
For open degraded forests (crown density 10-40%), which includes waste lands, following species 
are recommended : (i) to increase the crown density, species like Tectona grandis, Shorea 
robusta, Teminalia tomentosa, Bombax cieba, Bahunia perviflora, Adina cordifolia, Cassia fistula 
etc. are suggested; (ii) to meet the requirement of fuel and fodder of the nearby local people, 
species like Su babul, Prosopis juliflora, Dalbergia sissoo, Albizzia species, Acacia species and 
Ziziphus species are suggested in the outside notified forest areas; (iii) Eucalyptus, Poplar etc. 
are in great demand for pulp and paper and match box industries. So, these species are suggested 
in suitable areas within the notified and non- notified areas for waste land development. GIS can 
handle huge data sets (spatial & non-spatial data). 
All the data (spatial & non-spatial) are integrated and analysis & modelling in GIS using satellite 
and other data is done for monitoring, planning & management plans and finally for decision 
making & sustainable development and therefore in biodiversity, ecosystem and environment 
management.  
Because reflected electromagnetic radiations are different for different substance or object 
therefore digital number (DN) value is different for different objects, this DN value is useful for 
object identification & image interpretation, which is done thr ough involvement of shape, size, 
tone, shadow, pattern, texture, size (location), association, and resolution of satellite imagery/ 
data. Spatial information/ data & distribution pattern of each Parameter/ component of Natural 
Resources (NRs) & ecosystem is obtained through interpretation of satellite/ Remote sensing 
data with limited ground truth/ checks (field based).  
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Abstract  
 
Northern Kazakhstan is one of the main centers of agriculture in the country. Grain production is 
highly developed in this region. However, endophytic fungi have been little studied in this area, 
which protect plants from abiotic factors, without causing any harmful effect to the plants. The 
aim of this research is to evaluate two types of crop rotations and determine their grain yield, green 
mass of corn and endophytic representatives of the root microbiome of wheat and corn crops. This 
research work was carried out on the 4-year soil cover and 6-year grain-fallow crop rotations. The 
roots of wheat and corn crops were collected from agricultural fields at the Crop Rotation 
Laboratory during the heading plants stage in August 2024. The molecular identification of fungi 
was carried out by internal transcribed spacer (ITS region). The replacement of cereal crops in 4-
year soil cover crop rotation with legumes, oilseeds, forage and other agricultural crops on average 
amounted to an increase of the grain yield of corn to 20.2 c/ha compared to the yield of grain 
ÏÂÔÁÉÎÅÄ ίγȟα ̚ȾÈÁ ÆÒÏÍ ×ÈÅÁÔ ÃÒÏÐ ÉÎ δ-year grain-fallow crop rotations. Overall, 27 fungal strains 
were isolated from two types of crop rotations. Therefore, the two tested types of crop rotations, 
4-year soil cover and 6-year grain-fallow crop rotations revealed a more positive effect and a higher 
yield grain of corn and diversity of fungal genera in the 4-year soil cover crop rotation, whereas in 
the 6-year grain-fallow crop rotations, more isolates were recovered from the wheat crop. This 
research work will be further conducted at the agricultural fields of Crop Rotation Laboratory in 
2025-2026 in order to test the long-term effect of these two types of crop rotations.  
 
Key words:  crop rotations, endophytic fungi, grain yield, corn, wheat 

 
 
INTRODUCTION  
North Kazakhstan is one of the main centres of agriculture in the country. Grain 
production is highly developed in this region. However, the impact of biotic and abiotic 
ÓÔÒÅÓÓÏÒÓ ÏÎ +ÁÚÁËÈÓÔÁÎȭÓ ×ÈÅÁÔ ÙÉÅÌÄ ÈÁÓ ÄÒÏÐÐÅÄ ÔÏ ÔÈÅ ÇÌÏÂÁÌ ÁÖÅÒÁÇÅ ɉ"ÏÚÏøÌÕ ÅÔ ÁÌ.,  
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2022). In the case of the biotic stress factors in Kazakhstan the focus is mainly on fungal 
diseases. As an example, wheat stem rust (black rust) was caused by Puccinia graminis 
f. sp. tritici  fungus that was found in the north and east areas of Kazakhstan from 2015 
to 2018, affecting one million ha of wheat, resulting in a dramatic decrease in the yield 
production, and grain quality as well (Rsaliyev et al., 2018; Rsaliyev et al., 2020).  
In terms of abiotic stress, endophytic fungi protect agricultural plants from abiotic 
factors without causing any visible harmful effect to the plants. Endophytic fungi 
colonize plant tissues during some period of their life cycle, with no symptoms shown 
of tissue damage to their host plants (Petrini et al., 1991; Saikkonen et al., 1998; Schultz 
and Boyle 2005). Some root endophytes can enhance plant growth (Schulz et al. 2002); 
however, some fungi within certain abiotic factors can become as latent pathogens that 
cause symptoms of damaged roots (Schulz et al., 1999). As an example, the Fusarium 
redolence is described as a pathogen of many plant hosts, causing variety of disease wilts, 
seedling damping-off and cortical rot (Baayen et al., 2001; Gargouri et al., 2020). 
However, these species were found as endophytes as well, but they recovered from the 
roots of Stipa grass collected in the Mongolia steppe in China (Su et al., 2010). Regarding 
ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÄÁÔÁȟ ÉÎ ÓÏÕÔÈÅÒÎ ÐÁÒÔ ÏÆ +ÁÚÁËÈÓÔÁÎȟ Á ÈÕÇÅ ÎÕÍÂÅÒ ÏÆ root endophytes 
were studied and it was found that the majority of isolates belong to the Fusarium sp., 
and Bipolaris sorokiniana. However, there is less information provided on endophytic 
fungi isolated from a variety of agricultural crops in the Akmola region of North 
Kazakhstan.  
The aim of this research is to evaluate two types of crop rotations and determine their 
ÇÒÁÉÎ ÙÉÅÌÄȟ ÇÒÅÅÎ ÍÁÓÓ ÏÆ ÃÏÒÎ ÁÎÄ ÅÎÄÏÐÈÙÔÉÃ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅÓ ÏÆ ÔÈÅ ÒÏÏÔȭÓ ÍÉÃÒÏÂÉÏÍÅ 
of wheat and corn crops. The novelty of this research involvement various agricultural 
plants in the crop rotations such as oilseeds, legumes, cereals and compare their efficacy 
based on the grain yield, green mass of corn and fungal diversity.  
In this research, the effective types of crop rotation will be outlined based on the yield 
grain, the green biomass of corn, and isolated endophytic fungi recovered from wheat 
and corn crops in the Akmola region of North Kazakhstan.  
 
 
MATERIALS AND METHODS  
 
field experiments were conducted at the long-term stationary site of the Crop Rotation 
,ÁÂÏÒÁÔÏÒÙ ÁÔ !Ȣ)Ȣ ,,0 Ȱ2ÅÓÅÁÒÃÈ ÁÎÄ 0ÒÏÄÕÃÔÉÏÎ #ÅÎÔÒÅ ÆÏÒ 'ÒÁÉÎ &ÁÒÍÉÎÇȱ ɉ,,0 
Ȱ20#'&ȱɊ ÌÏÃÁÔÅÄ ÉÎ ÔÈÅ !ËÍÏÌÁ ÒÅÇÉÏÎ ÏÆ .ÏÒÔÈ +ÁÚÁËÈÓÔÁÎȢ )Î ÔÈÉÓ ÒÅÓÅÁÒÃÈȟ ×Å 
focused on two types of crop rotations: 4-year soil cover crop rotation (corn-wheat-
wheat-barley) and 6-year grain-fallow crop rotation (fallow -wheat-wheat-wheat-wheat-
wheat). The grain yield is calculated based on length and width of each field (patchwork) 
of wheat and corn plants within two types of crop rotations. The green biomass of corn  



 

 Page 316 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
is counted based on the subtracting the differences between raw weight and dry weight 
obtained from triplicate data results from each corn field (corn-wheat-wheat-barley). A 
1m2 metal frame was applied randomly to the corn crop and wheat plants were taken out 
of this frame in the laboratory conditions. The roots of agricultural crops including 
spring wheat and corn crops were collected in 2024 during the heading plants stage at 
the Crop Rotation Laboratory. The surface-sterilization of roots was conducted in 
laboratory conditions (Silvani et al., 2008).  
Then roots of plants were placed on the prepared Petri dishes containing PDA medium. 
The fungal isolates were grown from the roots on PDA media incubated during 7 days 
ÁÔ άή Т#Ȣ 4ÈÅ ÉÎÄÉÖÉÄÕÁÌ ÆÕÎÇÁÌ ÃÏÌÏÎÉÅÓ ×ÅÒÅ ÓÅÐÁÒÁÔÅÄ ÁÎÄ ÔÒÁÎÓÆÅÒÒÅÄ ÔÏ ÔÈÅ ÓÍÁÌÌ 0ÅÔri 
dishes containing PDA medium. The nrDNA of fungi was isolated by using CTAB 
method (Huang et al., 2018). The molecular identification of fungi was carried out by the 
internal transcribed spacer (ITS) region. The Polymerase chain reaction (PCR) on ITS 
region was conducted with the universal fungal primers ITSF1/ITS4 (White et al. 1990). 
The obtained data sequences results were compared to the Blastn database 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The phylogenetic analysis was built based on 
the obtained sequences on Neighbour-Joining algorithm method (Saitou and Nei, 1987).  
 
 
Results  
 
Endophytic fungal isolates were recovered from corn and wheat agricultural plants 
within two types of crop rotations in steppe zone of the Akmola region, North 
Kazakhstan (Figure 1). Altogether, we isolated 27 fungal strains from two types of crop 
rotation s. From the roots of corn and wheat agricultural plants overall 11 and 12 fungal 
strains respectively were recovered. The results revealed a variety of fungal genera, 
especially from the corn crop in a 4-year soil cover crop rotation (corn-wheat-wheat-
barley).  
 

           
A                                                                                  B 

Figure 1. The fungal colonies grown from the roots of corn collected from 4-year soil 
cover crop rotation (A-front and B-reverse sides). 

 



 

 Page 317 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
However, the strains recovered from wheat showed the greater number of isolates with 
the most common fungal genera such as Fusarium sp., Alternaria  and Penicillium sp. The 
phylogenetic trees show the different fungal genera from the obtained DNA sequences 
(Figure 2).  
 

 

 

 KX058548.1 Fusarium avenaceum

 NR 172265.1 Fusarium citricola

 NR 172264.1 Fusarium salinense

 MW422810.1 Fusarium acuminatum

 MZ890564.1 Fusarium flocciferum strain

 NR 156397.2 Fusarium petersiae

 NR 159860.1 Fusarium nurragi

 Sample 15 shortandy

 Sample 33 shortandy

 Sample 35 shortandy

 Sample 39 shortandy

 Sample 43 shortandy

 Sample 58 shortandy

 Sample 61 shortandy

 Sample 62 shortandy

 Sample 66 shortandy

 Sample 74 shortandy

 Sample 75 shortandy

 Sample 83 shortandy

 Sample 84 shortandy

 Sample 107 shortandy

0.00050
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Figure 2.  The phylogenetic analyses built on Neighbour-Joining algorithm method 

constructed based on 27 sequences of the ITS region. The blue and green dots indicate 
our isolated fungal samples named by ITS-Shortandy. 

 
The phylogenetic analyses results revealed that the isolates recovered from corn plants 
belong mainly to Fusarium sp. - five strains, followed by Alternaria  sp. - four strains, 
Curvelaria sp. - and Bipolaris sorok. ɀ with one strain. On the other hand, from wheat 
plants isolated the most common fungal genera such as Fusarium sp. - six strains and 
Alternaria  sp. - five strains, Penicillium sp. - one strain (Figure 2). The phylogenetic trees 
with blue and green dots represent the following genera including Fusarium sp., 
Alternaria  sp., Penicillium sp., Bipolaris sp., Curvularia sp. Due to the high similarity to 
the Bipolaris and Curvularia sp., the two fungal genera revealed on the same tree (Figure 
2). Overall, we identified four fungal genera on the genus-level based on the molecular 
phylogenetic analyses on the ITS region. The pie charts show the percentages of  

 Sample 40 shortandy

 Sample 63 shortandy

 Sample 24 shortandy

 NR 137951.1 Alternaria senecionicola CBS 119545 ITS region

 NR 136117.1 Alternaria cerealis CBS 119544 ITS region

 NR 135927.1 Alternaria arborescens CBS 102605 ITS region

 NR 137802.1 Alternaria daucifolii CBS 118812 ITS region

 NR 137143.1 Alternaria destruens ATCC 204363 ITS region

 MK972909.1 Alternaria alternata

 MN593339.1 Alternaria tenuissima strain

 MK389346.1 Alternaria alternata strain FS3-10

 Sample 13 shortandy

 Sample 16 shortandy

 Sample 31 shortandy

 Sample 34 shortandy

 Sample 36 shortandy

 Sample 37 shortandy

 Sample 38 shortandy

 Sample 50 shortandy

 Sample 59 shortandy

 Sample 85 shortandy

 Sample 90 shortandy

 Sample 98 shortandy

 Sample 25 shortandy

 Sample 18 shortandy

 NR 136119.1 Alternaria burnsii CBS 107.38 ITS region

 NR 136118.1 Alternaria betae-kenyensis CBS 118810 ITS region

 NR 136120.1 Alternaria iridiaustralis CBS 118486 ITS region

 NR 151838.1 Alternaria perpunctulata CBS 115267 ITS region

 NR 136013.1 Alternaria simsimi CBS 115265 ITS region

 NR 136040.1 Alternaria elegans CBS 109159 ITS region

 NR 137158.1 Alternaria carotiincultae CBS 109381 ITS region

 NR 136046.1 Alternaria nepalensis CBS 118700 ITS region

0.01
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obtained fungal genera from wheat and corn crops (Figure 3). The majority of fungal 
strains isolated from both crops belong to Fusarium sp. and Alternaria  sp. In the case of 
the identified Fusarium sp. and Alternaria  sp. isolates needs to be sequenced other 
fungal regions in order to identify them on species-level. To sum up, all identified strains 
belong to the Ascomycota phylum. The phylogenetic tree including blue dots with 
number 83, 84 and 103 samples relate to Fusarium sp., however, they were isolated from 
other crops. In the case of Alternaria sp., sample 63, sample 50, sample 59, sample 85, 
sample 90, sample 98 isolated from other crops and different types of crop rotations that 
were not included in this research.  
 

                      
                            A                                                                                        B 

Figure 3. The diversity of fungal strains recovered from A-corn and B-wheat 
agricultural crops from two types of crop rotations in 2024. 

 
Interestingly, the diversity of strains dominated from roots of corn crop and the quantity 
of isolates were more recovered from wheat plants. Thus, the isolation of endophytic 
fungi from roots of plants within two types of crop rotations revealed slightly contrasting 
results. The information given above is very important to use for this region as there is 
little information provided on the endophytic fungi from different types of crop 
rotations in the steppe zone of the Shortandy district, the Akmola region of North 
Kazakhstan. Thus, we found that 4-year soil cover crop rotation is the most effective on 
fungal diversity, grain yield - άΪȟά ̚ȾÈÁ ÁÎÄ ÏÂÔÁÉÎÅÄ ÇÒÅÅÎ ÍÁÓÓ ÆÒÏÍ ÃÏÒÎ - έΰΰȟ β ̚ȾÈÁȢ 
However, the 6-year grain-fallow crop rotation is less efficient based on the grain yield - 
Ϋίȟέ ̚ȾÈÁ ÂÕÔ ÈÉÇÈÅÒ ÏÎ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÉÓÏÌÁÔÅÄ ÆÕÎÇÁÌ ÓÔÒÁÉÎÓȢ 4ÈÕÓȟ ΰ-year grain-fallow 
crop rotation can be considered as a control crop rotation. Therefore, involving the 
effective types of crop rotations in the Akmola region of steppe zone will improve the 
grain yield, soil fertility and soil health with a variety of fungal isolates.  
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DISCUSSIONS  
 
According to the literature reviews, the majority of Bipolaris sorokiniana species have 
been isolated from non-grass plants (Shimizu et al. 1998; Tsukiboshi et al. 2005; 
Manamgoda et al. 2011). Our results showed that B. sorokiniana was isolated from corn 
plants indicating the ability of this specie to colonize different plant hosts. The disease 
of spot blotch produced by Cochliobolus sativus (anamorph Bipolaris sorokiniana) was 
ÁÌÓÏ ÒÅÐÏÒÔÅÄ ÔÏ ÂÅ Á ÓÅÖÅÒÅ ÄÉÓÅÁÓÅ ÃÁÕÓÉÎÇ ÓÉÇÎÉǢÃÁÎÔ ÙÉÅÌÄ ÒÅÄÕÃÔÉÏÎÓ ÉÎ ×ÈÅat fields 
in the country (Gultyaeva et al., 2018; Gultyaeva et al., 2020). Alternaria  sp. was studied 
in Kazakhstan isolated mainly from wheat seeds and identified as A. alternata (Wen-Zhi 
et al., 2021).  
However, our findings showed the majority of Alternaria  sp. strains were recovered from 
wheat as with the corn plants which were identified based on the genus-level. The 
Fusarium sp. genus has been widely studied around the world, but there is a lack of 
information at the fungal species-level on corn crops in Kazakhstan. In this research, the 
majority of isolates belong to Fusarium sp. recovered mainly from wheat crops as 
followed by the corn plants. Two reports on root and crown rot from Kazakhstan have 
beÅÎ ×ÒÉÔÔÅÎ ÔÏ ÄÁÔÅȟ ÉÄÅÎÔÉÆÙÉÎÇ ÃÁÕÓÁÔÉÖÅ ÓÔÒÁÉÎÓ ÆÒÏÍ ÔÈÅ ×ÈÅÁÔ ǢÅÌÄÓ ÁÓ F. redolens 
ɉ"ÏÚÏøÌÕ ÅÔ ÁÌȢȟ άΪάΫɊ ÁÎÄ R. solani ÓÐÅÃÉÅÓ ɉvÚÅÒ ÅÔ ÁÌȢȟ άΪάΫɊȢ )Î ÔÈÅ ÃÁÓÅ ÏÆ Fusarium sp. 
ÒÅÃÏÖÅÒÅÄ ÆÒÏÍ ×ÈÅÁÔ ÔÈÅ ÍÏÒÅ ÉÎÆÏÒÍÁÔÉÏÎ ÉÓ ÁÖÁÉÌÁÂÌÅ ÉÎ +ÁÚÁËÈÓÔÁÎ ɉ"ÏÚÏøÌÕ ÅÔ ÁÌȢȟ 
2022). However, our findings on Fusarium sp. strains revealed only a number of 
Fusarium isolates from both crops.  
The Fusarium species generally can be identified at the species level using the tef1 and 
ɉ'ÅÉÓÅÒ ÅÔ ÁÌȢ άΪΪήɊ ÁÎÄ ÏÔÈÅÒ ÌÏÃÉ ÉÎÃÌÕÄÉÎÇ 20"Ϋ ÁÎÄ 20"ά ɉ/ȭ$ÏÎÎÅÌÌ ÅÔ ÁÌȢ άΪΫίɊȢ )Î 
this research, the molecular identification based on the ITS region identified the 
following  genera Fusarium sp., Bipolaris sorok., Alternaria  sp. Penicillium sp. Thus, these 
findings will provide useful information on corn and wheat microbiome data and later 
on will be continued to analyse the Fusarium systematics on species-level. The results 
obtained on the grain yield of corn was higher than the grain yield from wheat crop. 
3ÔÕÌÉÎȭÓ ɉάΪάΫɊ ÒÅÓÅÁÒÃÈȟ ÏÕÔÌÉÎÅÓ ÔÈÁÔ ÃÏÒÎ ÃÒÏÐ ÉÎÖÏÌÖÅÄ ÉÎ Á ÔÅÎ-field crop rotation 
during five rotations and a monoculture of corn indicated productivity and soil fertility. 
The used application of N60P60K60 improve the yield of green mass, dry matter, and corn 
grain on average by 8.8, 2.53, and 1.29 t/ha respectively in crop rotation and 10.1, 2.71, and 
1.32 t/ha in monoculture. In our study we used two fertilizers NH 4H2PO4 and NH4NO3 

applied during wheat and corn spring sowing process in 2024. Despite the involvement 
of different crop rotation types and application in both research studies above showed 
an increase in green mass and yield grain of corn respectively.  
Thus, our obtained data on the 4-year soil cover crop rotation on the green mass and 
yield grain of corn also provides the increase in green mass and corn grain. The 4-year 
soil cover crop rotation is effective type of crop rotation that can lead to improve the  
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green mass and yield grain of corn. Therefore, the involvement of 4-year soil cover crop 
rotation revealed promising results to use in the agricultural fields of the Akmola region, 
North Kazakhstan. This research is conducted from 2024-2026 within the framework of 
ÔÈÅ ÓÃÉÅÎÔÉÆÉÃ ÐÒÏÇÒÁÍ "2άάββίαΫγ Ȱ$ÅÖÅÌÏÐ ÁÎÄ ÉÍÐÌÅÍÅÎÔ ÓÕÓÔÁÉÎÁÂÌÅ ÆÁÒÍÉÎÇ 
systems for profitable agricultural production in a changing climate for various soil and 
ÃÌÉÍÁÔÉÃ ÚÏÎÅÓ ÏÆ +ÁÚÁËÈÓÔÁÎȱȢ  
 
 
CONCLUSION 
 
crop rotation may vary the composition of fungal community based on the crop type. 
Our research revealed that involving the 4-year soil cover crop rotation indicated the 
diversity of obtained fungal isolates and the higher grain yield compared to the 6-year 
grain-fallow crop rotation as a control (fallow-wheat-wheat-wheat-wheat-wheat). 
However, the number of fungal strains were dominant in the control crop rotation. 
Consequently, in this research the obtained data showed there are many isolates 
recovered from wheat crops, but the diverse species were isolated from corn plants. 
Thus, the 4-year soil cover and 6-year grain-fallow crop rotations are effective types of 
crop rotations, revealing a certain benefit for each type of crop rotations. Alternation of 
profitable crops in the crop rotation allows for a steady increase in the yield of some 
crops and the productivity of crop rotations in the structure of arable land. 
To conclude, the involvement of not only cereals but oilseeds and legumes crops to the 
4-year soil cover crop rotation indicate the effective types of crop rotations by increasing 
the fungal diversity, green mass and grain yield of corn compared to the control 6 -year 
grain-fallow crop rotations.  
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Abstract  
 
Hydrogen sulfide (H2S) is an environmentally existing chemical compound generated 
either endogenously in living organisms or exogenously, and serves as a Gaseous 
Signaling Molecule (GSM). Like the three existing GSMs, H2S has been widely surveyed 
for its effects on living organisms' physiology. However, it can exist environmentally as 
a toxicant at high concentrations, which, when encountered by aquatic life such as fish, 
can be acute or chronic and lead to bioaccumulation. This is habitually linked to hefty 
mortality rates in their natural environments or during aquaculture production . We 
therefore review the interaction of H2S with aquatic life to allow chemical and biological 
co-existence. We particularly survey the relevance and impact of H2S from the various 
exogenous donors in the modulation of the life of aquatic organisms at toxicological and 
tolerant concentrations including the regulation of cellular and molecular processes, 
behavioral modifications and evolutionary adaptations. We further delve into the 
sensitivity of these marine organisms to the ecological changes involving H2S 
accumulation and the naturally or physically employed modes to achieve tolerance in 
H2S-endowed environments for enhanced financial gain. 

 
Keywords : Hydrogen sulfide; Relevance; Toxicity; Tolerance; Fish. 
 
 
INTRODUCTION  
 
For years, nitric oxide (NO), carbon monoxide (CO), and hydrogen sulfide (H2S) were 
believed to be toxic gases. But after scientists discovered mammalian cells as their active 
natural sources, they have been viewed differently, and an avalanche of studies 
investigating their physiological and pathophysiological roles in cells has emerged [1, 2]. 
Gaseous Signaling Molecules (GSMs) are small membrane-permeable and biologically 
active gases produced exogenously and endogenously by animal and plant tissues. In  
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aquatic organisms, particularly, GSMs serve certain physiological functions involving 
control of breathing and ionic uptake[3]. For instance, unlike CO, which inhibits 
ventilation in all growth stages of both goldfish and zebrafish, H2S stimulates breathing 
in zebrafish, and NO only stimulates breathing in zebrafish larvae[3]. H2S, specifically, 
is a hazardous and malodorous contaminant found in acid rains as a precursor, well 
water, reclaimed/effluent water, sewage streams and pond water[4, 5]. It is often 
produced naturally by bacterial anaerobic biogenic reduction of sulfate/organic matter 
in coastal wetlands, soils and plants, volcanoes and biomass burning, rotten eggs, 
swamps, sulfur springs, volcanoes, natural gas, and geothermal active areas, leading to 
the production of reduced sulfur compounds like H2S, COS, DMS[4, 5]. In brief, H2S  is 
a reducing gas capable of accelerating the conversion of valences from high to low, 
including metal ions, thereby increasing the ɆOH yield and offsetting the inadequacies 
in the rate-determining step[6]. It exists as a bisulfide anion (HSЖ) or as a sulfide (S2-) 
ÉÏÎ ÉÎ ÔÈÅÓÅ ÁÑÕÅÏÕÓ ÅÎÖÉÒÏÎÍÅÎÔÓȟ ÄÅÐÅÎÄÉÎÇ ÏÎ ÔÈÅ Ð(Ȣ 4ÈÅ Ð+ÁȭÓ ÆÏÒ ÔÈÅ ÆÏÒÍÁÔÉÏÎ 
of bisulfide and sulfide anions are 7.05 and 12.9, respectively[7], and this portrays 
bisulfide as the existing dominant specie in H2S-containing well water. Besides, H2S is 
produced endogenously in vertebrates via regulation by the enzymes; cystathionine ʃ-
synthase (CBS) and cystathionine ʅ-lyase (CSE)[8].  
Several H2S donors have been chemically designed[2, 9] with notable examples of water-
soluble slow H2S-releasing organic analogue, morpholin-4-ium 4-methoxyphenyl-
(morpholino) phosphinodithioate (GYY4137)[10, 11] and the fast H2S-releasing salt form, 
sodium hydrosulphide (NaHS)[8], which currently exist commercially.  
Fish, as the limbless cold-blooded vertebrates, are specifically characterized by gills and 
fins. The commercially reared fish are the notable researched examples in this summary 
like: zebrafish (Danio rerio)[12]; Atlantic  salmon (Salmo salar), which is the prominent 
category in the most intensive and technologically advanced fish farming industries[13]; 
the amphibious hermaphroditic and self-fertilizing fish, mangrove rivulus ( Kryptolebias 
marmoratus), with distinct isogenic lineages and naturally inhabits crab burrows and 
ephemeral pools characterized by extreme fluctuations in O2 availability (0.0ɀ7.9 mg l-
1)[14, 15]. When aquatic conditions deteriorate, it is emersed in O2-rich terrestrial 
environments such as leaf litter and in termite tunnels of rotting logs[12]. 
5ÎÌÉËÅ ÔÈÅÉÒ ÎÁÔÕÒÁÌ ÇÒÏ×ÔÈ ÉÎ ÎÁÔÕÒÅȭÓ ×ÁÔÅÒÂÏÄÉÅÓȟ ÆÉÓÈ ÃÁÎ ÂÅ ÒÅÁÒÅÄ ÏÎ ÌÁÎÄ ÕÓÉÎÇ 
innovative systems like the land-based recirculating aquaculture system (RAS)(Figure 
1), which was historically dependent on flow-through systems. This production system 
is characterized by inexpensive water and energy use, diminished effluent generation, 
controllable environmental conditions, improved biosecurity and high production 
efficiency, becoming a promising solution to concerns of unpredictable environmental 
conditions, escapees and diseases[16]. The RAS thus shows a strategic transition from 
the prevailing open net productions in the sea to the more sustainable closed and semi-
closed containment system that effortlessly exists both on land and/or at sea.  In recent  
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years, however, salmon RAS farms operating at higher salinities/sulphate 
concentrations[17, 18] face a major biological constraint of mass mortality of reared fish 
with H 2S accumulation[19-21]. H2S in RAS is produced when sulphur-reducing bacteria 
in biofilms, sediments, and wastes/sludge in suboxic-anoxic microenvironments use 
amassed sulphate as a terminal electron acceptor in the anaerobic decomposition of 
organic materials[22, 23]. Freshwater systems have also been recently established as 
sources of H2S production, though at a minimal scale[23]. This shows its indubitable 
existence in the natural ecosystem. 
 

 
Figure 1: Illustration of the (a) external and (b) internal appearance of the modular RAS 
unit. Reproduced (a) with permission from ref[13]. Copyright 2024 Ecotoxicology and 
Environmental Safety. Reproduced (b) with permission from ref[21]. Copyright 2024 
Ecotoxicology and Environmental Safety. 
 
Relevance of H 2S to fish  

As a member of the signalling molecules, H2S plays crucial functions in aquatic 
organisms, ranging from physiological control to evolutionary modifications. H2S can 
cause both stimulation and regression of metabolic functions[15] at low or ecotoxic 
levels. In fish, it controls oxygen sensing/chemoreception and energy metabolism[24-
26]. H2S, first associated with vasomotor control in fish, stimulates breathing in rainbow 
trout ( Oncorhynchus mykiss) and zebrafish via activation of chemoreceptors with a 
change in the levels of ambient or circulating respiratory gases[3, 27]. These 
chemosensory cells are targeted by many neuroendocrine factors to precisely adjust 
breathing responses. Just like in mammals, H2S therefore contributes to oxygen sensing 
by promoting membrane depolarization of the chemosensory cells[3]. H2S is involved in 
ion homeostasis in fish whereby, it inhibits Na+ uptake in zebrafish larvae and enhances 
lower Na+ uptake in fish habituated to Na+-enriched water probably via H2S targeted 
inhibition of the activity of either H +-ATPase rich cell and/or Na+ɀClЖ rich cotransporter  
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cells [3, 28, 29]. Research in D. rerio attributed the inhibition of Na + uptake to the 
pharmacological inhibition of CBS or CSE, the key enzymes for endogenous H2S 
synthesis[30]. While as it stimulates Ca2+ influx in larvae of zebrafish acclimated to Ca2+-
poor water, probably through the H2S-biosynthesis enzymes in the subset of Na+/K +-
ATPase-rich cells that express epithelial Ca2+ channels at the apical membrane[3]. For 
instance, studies on developing D. rerio proposed that post-transcriptional 
modifications and activation of cAMP-protein kinase A pathways were accountable for 
the altered rates of Ca2+ uptake[31]. 
 
H2S Toxicity to fish  
The toxicological level of H2S in aquatic systems is physically observed as brackish water 
at 12 ppt[13] or chemically tested. The critical H2S concentration (H2Scrit) is the chemical 
measure of the optimum levels of H2S required in an aquatic system, and this is denoted 
as the point at which oxygen uptake falls below the standard metabolic rate or the point 
at which equilibrium is lost. For example, H2Scrit  in post-smolt Atlantic salmon was 
ÒÅÃÅÎÔÌÙ ÄÅÔÅÒÍÉÎÅÄ ÔÏ ÂÅ ÁÔ ΫȢαβ З ΪȢέγ ʏ- (23 ɉÃÁ ΰΪȢα ʏÇȾ, (2S)[20]. Despite this 
concentration being notably lower than the previously reported concentrations that 
salmon can withstand for an extended period[13]. 
H2S toxicity has mostly focused on its implications in fish farming, since H2S-related 
mortality is an extensive problem that entails high economic costs[8]. Exposure of fish 
to severely high H2S concentrations can be acute or chronic, involving serious effects on 
fish health and robustness[17, 18, 32, 33] with heightened levels of significant mortality 
rates. Numerous studies have explained its formation in closed systems[18, 22, 23, 34]. 
For instance, H2S-linked instances of acute mass mortality in Norwegian salmon RAS 
farms have recently emerged, portraying the gas toxicity [13, 19, 23]. 
Respiratory physiology in fish is among the primary victims of H2S toxicity, where it 
impairs oxidative phosphorylation to the profit of blood oxygen transport (i.e., 
sulphemoglobin formation), as can be proved by the exposure of red blood cells to 
physiologically relevant H2S concentrations[35]. Briefly, it interferes with the 
reoxidation of the cytochrome c oxidase (COX) enzyme during cellular respiration in 
the mitochondrial inner membrane [21, 26]. This enzyme is a mitochondrial electron 
acceptor that catalyzes the oxidation of ferrocytochrome c by molecular oxygen, thus 
extremely vital in cellular respiration for electron transport, ATP synthesis, and 
respiration control [13]. H2S specifically exhibits its toxicity via the inhibition of COX 
activity by reducing a3 and CuB, thereby inhibiting cellular respiration by blocking the 
electron transport chain[13, 20].  
This subsequently leads to the failure of the proton transport across the mitochondrial 
membrane and impairment of the proton-driven ATP synthase[8]. Such changes in COX 
activity also impair vision in fish since the eye tissue requires ATP to generate membrane 
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potentials and transport proteins within the rod and cone photoreceptors in the 
retina[36-38]. Notably, H2S toxicity to cellular energy production and respiration exists  
 
both in humans and fish[18, 33, 39]. In a certain morphological study, prolonged 
exposure of salmon to sub-lethal H2S levels caused gill damage involving clubbing and 
thickening of the lamella, and hepatic necrosis and diffuse vascular degeneration 
damages to the liver[18]. 
In vitro models have recently established that sulphide donors can modify the 
immunological functioning of nasal leukocytes of salmon[26]. Unfortunately, they 
interfere with the detoxification functions within their olfactory rosette explants [18].  
Such susceptibility of salmon organs to H2S is consistent with earlier findings in 
mammals, indicating that H 2S functions as a contact irritant and can trigger injury to 
nasal respiratory epithelia, resulting in bleeding from the nose, pharynx, gums, tongue, 
trachea, and bronchi [13, 40]. 
H2S toxicity has been recently reported to physically affect the production performance 
including weight (Figure 2a,b) and condition factors, physiologically modify the mucosal 
barrier functions via tissue damage (Figure 2c, d), decrease plasma levels, increase 
mucus cell density and oedema-like vacuoles, and immunologically downregulate the 
genes associated with the extracellular matrix (Figure 2e, f).  
In the study, reduction of t he plasma levels of phenylalanine and tyrosine, and 4-
hydroxyproline metabolite in the plasma and skin mucus of S. salar was realized[13]. 
Also, a significant H2S concentration-independent impact on five core pathways, 
including phenylalanine, tyrosine, and tryptophan biosynthesis, was observed. 
Astoundingly, 16 % incremental mortality instance was registered on a 4-week exposure 
of fish to ί ЪÇȾ, ÏÆ H2S during aquaculture production.  The authors conclusively 
ÒÅÃÏÍÍÅÎÄÅÄ ÁÎ ÁÌÌÏ×ÁÎÃÅ ÏÆ ÁÔ ÍÏÓÔ Ϋ ЪÇȾ, (2S exposure to salmon land-based 
aquaculture life[13]. 
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Figure  2: (a) Cumulative mortality, (b) mean weight, (c) tissue damage, (d) 

histological sections, and transcriptomic changes as presented by the (e) heatmap on 
the left showing down- and up-regulation of DEGs and dendrogram for the genes split 
into seven clusters and (f) the functional gene categories of the clusters in the olfactory 

organ of salmon after prolonged exposure to H2S. lp = lamina propria; le = lamellar 
epithelium; nc = nasal cavity: nw = nasal wall; arrow (ƹ) = dense aggregates of mucus 

cells; asterisk (*) = oedema-like vacuoles. Reproduced (a-f) with permission from 
ref[13]. Copyright 2024 Ecotoxicology and Environmental Safety. 
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Sensitivity of fish to H 2S 
The sensitivity of aquatic organisms to H2S has been reported to deeply involve genetic 
modifications via the downregulation of genes associated with the extracellular matrix 
and the upregulation of genes related to the immune response[13]. In the mucosal 
defences of salmon smolts, acute exposure to H2S exhibited powerful responsiveness of 
both the olfactory organ and gills as signalled by modifications in gene expression and 
histological characteristics[19]. Further metabolomics analysis by the authors exhibited 
more pronounced alterations in the metabolite profile of the skin mucus compared to 
blood, encompassing tRNA charging, the branched-chain amino acid biosynthesis 
superpathway, and the biosynthesis of glucosinolates from phenylalanine[19]. In vitro 
models also demonstrated modifications in the immunological status of nasal leukocytes 
on exposure to sulphide donors[26]. 
H2S-responsive mucosal organ explants from the gills and olfactory organ of Atlantic 
salmon[18, 26] were used to explain the mucosal consequences of H2S after exposure to 
NaHS by studying the transcription of important genes encoding sulphide detoxification 
(quinone oxidoreductase (sqor1, sqor2)) and mucins (muc5ac, muc5b). In both explants, 
the expression of oxidoreductases was upregulated while mucins were significantly 
downregulated. During the study, however, the explants were pharmacologically treated 
with acetylcholine (ACh) and niflumic acid (NFA) that respectively stimulated and 
inhibited mucus production prior to NaHS exposure, causing a significant regulation of 
the two groups of marker genes in the explants. A low dose of NFA triggered more 
substantial changes while ACh showed no dose-dependent response[18]. 
Pharmacological interferences demonstrated that mucins were extremely important in 
protecting Atlantic salmon mucosa against H2S toxicity. Therefore, fish exposure to 
exogenous H2S donors shows less effect on the viability of nasal leukocyte cells, but high 
concentrations can influence oxidative stress, innate and adaptive immunity, and 
interleukin signalling [18, 26]. 
In a specific study of the mucosal organs of S. salar exposed to H2S for 12 days, the gene 
expression profile indicated that the gills and olfactory rosette were more sensitive to 
H2S than the skin (Figure 3). Unlike the gills, the olfactory rosette showed a dose-
dependent response. Meanwhile, H2S not only triggered the genes related to stress 
responses but also elicited strong inflammatory responses in the gills, thus 
demonstrating a key molecular repertoire for sulphide detoxification at high H2S 
concentration. The mucus metabolomes of the skin and gills experienced a matrix-
dependent response, altered amino acid biosynthesis and metabolism pathways, distinct 
proteomic profiles, and an effect on the proteins related to immunity and metabolism.  
These properties importantly expressed defence mechanisms of salmon in land-based 
farms against H2S,  offering insights into the health and welfare consequences of sub-
lethal H2S  for incorporation into the risk assessment protocols[21]. 
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Figure  3: Gene expression profiles of mucosal organs following exposure to low (0.05 
Ъ-Ɋ ÁÎÄ ÈÉÇÈ ɉΪȢΫά Ъ-Ɋ (2S doses relative to the control group. (a) Heatmap and (b) 
principal component analysis plot showing the transcriptional responses (24 genes). 
Reproduced with permission from ref[21]. Copyright 2024 Ecotoxicology and 
Environmental Safety. 
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In a study involving exposure of S. salar to NaHS and GYY4137, the transcriptomic 
changes in the nasal leukocytes were monitored. At the highest dose, GYY4137-exposed 
cells exhibited reduced viability compared with the NaHS group. However, the H2S-
induced transcriptomic changes were concentration-dependent in both donors. 
Crucially, a larger number of differentially expressed genes (DEGs) were identified in the 
NaHS-exposed group versus the GYY4137-exposed group across concentrations, with 
53% of the identified DEGs significantly upregulated[26].  These results henceforth 
showed how fish nasal leukocytes can respond to exogenous H2S to achieve 
immunoregulatory activity.  

 
Fish Tolerance to H 2S-rich environments:  
H2S imposes a selective pressure that influences behavioural, morphological and 
physiological adaptations that confer tolerance of aquatic organisms to its elevated 
levels[15]. This toxicity level is contingent on their evolutionary adaptations specific to 
size, habitat, and life stage.  
Generally, adaptations to H2S tolerance can be categorized into limiting H2S from 
entering the body, establishing mutualistic relationships with sulfur -oxidizing bacteria, 
and/or internal detoxification [41]. Whereby variations in avoidance behaviours 
determine the limitations to H 2S exposure[15]. 
Notably, H2S was revealed as an oxygen sensor in the gill chemoreceptors of D. rerio and 
O. mykiss[8, 42], which activates a selective pressure, thus inducing tolerance. Tolerance 
of fish to extreme concentrations of H2S can therefore be attained behaviorally by 
leaving water/emersed in O2-rich terrestrial environments [12, 14, 35, 43, 44], since H2S 
undergoes oxidation to cause hypoxia[7]. This involves physiological adaptations 
including NEC development with changes in environmental O2 levels during the 
embryonic stages of species like zebra fish; however, certain species such as K. 
marmoratus remain unaffected. This indicates interspecies variation in O2-induced 
plasticity in the O 2-sensing system[12]. K. marmoratus exhibit an initial undeniable 
response to acute H2S toxicity and prevent its extreme morphological effects whereby 
they were recently reported to have emersed to evade H2S toxicity at concentrations (~ 
130ɀάΪΪ ЪÍÏÌ ÌЖ1) that were low enough to cause a change in gill surface area or NEC 
density or size in the gills or skin[35]. 
Researchers also discovered an evolutionary genetic component to H2S sensitivity that 
caused differences in emersion concentration, only among lineages[45]. Importantly, it 
was realized that external skin modifications and avoidance behaviours are two distinct 
strategies that allow tolerance to ecological H2S relevant for fish to survive in challenging 
mangrove habitats. Mucosal organs including the skin, gills, gut and nose, are the 
primary line of defence against biological, chemical and physical threats in the aquatic 
environment.  
 



 

 Page 333 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
Mucosal surfaces are lined with a goblet cells-secreted viscous mucus layer/fluid 
composed of mucins, lysozymes, immunoglobulins, a complex mixture of proteins, ions, 
lipids, and  
 
other components[18, 46]. Mammalian studies have demonstrated that H2S basically 
targets the olfactory organs of the mucosa[18, 47]. 
Certain species such as the Mexican caves (Poecilia mexicana)[48] and K. 
marmoratus[14] that live in sulphidic environments, have evolved to tolerate high H2S 
concentrations in their bodies[15, 35, 45], via avoidance/limited body exposure[14, 45] 
and modified H2S-resistant haemoglobin[35], though these cannot adequately explain 
their tolerance to H2S. K. marmoratus inhabit pools of mangrove forests containing up 
ÔÏ ΫΫΰΰ Ъ- ÏÆ (2S concentration[14], however, they face visual impairment which 
impacts predator avoidance, navigation and foraging in the wild[38]. 
Internally, endogenous H2S is regulated by mitochondrial oxidation, initiated by the 
enzyme sulphide: quinone oxidoreductase (sqor) which transfers electrons from the 
oxidation of H2S to the ubiquinone in the inner mitochondrial membrane, up to the final 
acceptor of the electron transport system, oxygen[15, 49]. This consequently leads to H2S 
removal and inhibition of cellular toxicity.  
Both gene expression and DNA sequences were identified to be involved in the 
adaptation of populations of P. amexicana to sulfidic environments [50, 51]. In the same 
line, researchers recently demonstrated the regulatory function of liver hepatocytes in 
H2S detoxification in Atlantic salmon exposed to sulphidic stress. The key sulphide 
detoxification genes sulfite oxidase 1 (soux) and the sqor 1 and 2 paralogs were 
significantly expressed when ÓÁÌÍÏÎ ×ÁÓ ÅØÐÏÓÅÄ ÔÏ ΫΪΪ ЪÇȾ, ÏÆ .Á(3 ÏÒ '99ήΫέα 
(Figure 4a and b). GYY4137 particularly upregulated the expression of antioxidant 
defence genes, especially glutathione peroxidase, glutathione reductase and catalase, in 
the hepatocyte culture (Figure 4c). Also, prolonged exposure of the fish to donors 
significantly reduced hepatocyte viability, causing concentration-independent effects 
(Figure 4d). The liver, being a key organ for xenobiotic metabolism, therefore, played a 
significant role in H 2S detoxification[8]. 
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Figure 4 : Distribution of H 2S-detoxifying genes and their regulation in (a) different 
tissues and (b) hepatocytes, (c) expression of hepatocyte antioxidant defence genes, 
and (d) viability and proliferation of Atlantic salmon smolts by the sulphide donors. 

Reproduced with permission from ref[8]. Copyright 2023 Aquatic Toxicology. 
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Genetic lineages of a single species for adaptation to sulphidic environments can result 
from the difference in mitochondrial physiology. K. marmoratus is a fish species of 
distinct isogenic lineages with different H2S sensitivity, theorized to result from different 
mitochondrial functionality. By navigating the mitochondrial oxidation of livers from 
Belize and Honduras lineages, their changes were monitored during the gradual increase 
of H2S concentration. The two lineages displayed distinct strategies for coping with 
elevated H2S[15]. The Honduras lineage exhibited higher anaerobic capacity 
substantiated by higher lactate dehydrogenase activity and higher apparent H2S 
oxidation rates, likely enabling them to tolerate H2S by escaping aquatic H2S in a 
terrestrial environment. Belize fish, besides, portrayed increased COX and citrate 
synthase activities as well as increased succinate contribution to mitochondrial 
respiration, allowing them to tolerate higher levels of aquatic H2S without inhibition of 
mitochondrial oxygen consumption [15]. 
Physical tolerance of fish to H2S involves the existence of fish in aquatic environments 
characterized by self-removal of H2S to maintain lower concentrations via oxidation by 
free oxygen, though this process is unfortunately slow. But faster means utilizing 
oxygen-releasing solids, oxidizers such as chlorine, and potassium permanganate have 
been used.  Other means include the biological oxidation by phototropic or chemotropic 
bacteria, and the oldest technology of evaporation, though it involves water acidification 
and air emission of H2S among other gases, which is currently unacceptable. The 
chemical means involve adsorption by NaOH/KOHɀcoated activated carbon, which is 
unfortunately costly, or advanced oxidation processes like the use of oxidizing species 
like ozone that has been commercialized[7]. An inexpensive method of H2S removal 
involving its conversion to sulfate on absorption of ultraviolet C light in oxygen-enriched 
environments has also been surveyed[7]. The transfer of fish to H2S-free water can also 
act as a mode for physical evasion of H2S-polluted environments [38]. This has been 
observed to potentially restore visual acuity and COX activity in fish eyes within an hour 
ÁÆÔÅÒ ΫΪ ÍÉÎ ÅØÐÏÓÕÒÅ ÔÏ ÁÔ ÌÅÁÓÔ άΪΪ Ъ- ÏÆ (2S (Figure  5). 
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Figure 5: The visual acuity of adult mangrove rivulus during consecutive control, 
treatment and recovery optokinetic response tests. Fish were tested at either (a) low 
ɉ΄ΫΪΪ Ъ-Ɋȟ ɉÂɊ ÍÅÄÉÕÍ ɉ΄άΪΪ Ъ-Ɋ ÏÒ ɉÃȟ ÄɊ ÈÉÇÈ ɉ΄ήΪΪ Ъ-Ɋ (2S concentrations. (e) COX 
activity in the eye tissue of adult mangrove rivulus. Reproduced (b) with permission 
from ref[38]. Copyright 2021 Biology Letters. 
 



 

 Page 337 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
CONCLUSION 
 
H2S is a member of the GSMs capable of controlling various physiological processes of 
organisms such as the uptake of Ca2+ and Na+ ions in fish. It exists in many areas 
including the RAS farms, where it can accumulate from the decomposition of organic 
matter or H2S donors. At high concentrations, H2S becomes extremely toxic to fish and 
increases mortality rates by impairing their morphological, physiological and 
immunological functioning. Nevertheless, fish have sensitivity to H2S and through 
behavioural, morphological and physiological adaptations, acquire long-term tolerance 
to sulphidic environments.  Physical means of tolerance can also be applied in RAS farms 
to increase fish survival and reduce economic harm during aquaculture production. 
 
 
Reference  
 
1. Lugoloobi, I., Fang, Y., Jiang, F., Zhang, G., & Hu, J. (2023). Gaseous signaling molecule-

releasing hybrid nanomaterials for therapeutic applications. Giant, 14:100153. 
2. 'ÈÁÆÆÁÒÉȤ"ÏÈÌÏÕÌÉȟ 0Ȣȟ *ÁÆÁÒÉȟ (Ȣȟ /ËÏÒÏȟ /Ȣ6Ȣȟ !ÌÉÍÏÒÁÄÉȟ (Ȣȟ .ÉÅȟ ,Ȣȟ *ÉÁÎÇȟ 'Ȣȟ +ÁËËÁÒȟ 

A., & Shavandi, A. (2024). Gas Therapy: Generating, Delivery, and Biomedical 
Applications. Small Methods, 8:2301349. 

3. Perry, S., Kumai, Y., Porteus, C.S., Tzaneva, V., & Kwong, R.W.M. (2015). An emerging 
role for gasotransmitters in the control of breathing and ionic regulation in fish . 
Journal of Comparative Physiology B, 186(2):145-159. 

4. Organization, W.H. (2000). Air quality guidelines, in Hydrogen sulfide, WHO regional 
office for Europe, Copenhagen, Denmark, , 146-147. 

5. Rathore, D.S., Meena, V.K., Chandel, C.P.S., & Gupta, K.S. (2021). Kinetics of the 
Oxidation of Hydrogen Sulfide by Atmospheric Oxygen in an Aqueous Medium. 
Journal of Atmospheric Science Research, 4(3):46-59. 

6. He, M., Wang, Z., Xiang, D., Sun, D., Chan, Y.K., Ren, H., Lin, Z., Yin, G., Deng, Y., & 
9ÁÎÇȟ 7Ȣ ɉάΪάήɊȢ ! (ϸ3Ȥ%ÖÏÌÖÉÎÇ !ÌÔÅÒÎÁÔÅÌÙȤ#ÁÔÁÌÙÔÉÃ %ÎÚÙÍÅ "ÉÏȤ(ÅÔÅÒÏÊÕÎÃÔÉÏÎ 
×ÉÔÈ !ÎÔÉÂÁÃÔÅÒÉÁÌ ÁÎÄ -ÁÃÒÏÐÈÁÇÅȤ2ÅÐÒÏÇÒÁÍÍÉÎÇ !ÃÔÉÖÉÔÙ ÆÏÒ !ÌÌȤ3ÔÁÇÅ )ÎÆÅÃÔÉÏÕÓ 
Wound Regeneration. Advanced Materials, 36(35):2405659. 

7. Tzvi, Y.& Paz, Y. (2019). Highly efficient method for oxidation of dissolved hydrogen 
sulfide in water, utilizing a combination of UVC light and dissolved oxygen. Journal of 
Photochemistry and Photobiology A: Chemistry, 372:63-70. 

8. ,ÁÚÁÄÏȟ #Ȣ#Ȣȟ 6ÏÌÄÖÉËȟ 6Ȣȟ 4ÉÍÍÅÒÈÁÕÓȟ 'Ȣȟ Ǫ !ÎÄÅÒÓÅÎȟ zȢ ɉάΪάέɊȢ &ÁÓÔ ÁÎÄ ÓÌÏ× 
releasing sulphide donors engender distinct transcriptomic alterations in Atlantic 
salmon hepatocytes. Aquatic Toxicology, 260:106574. 

9. Xu, S., Shieh, M., Paul, B.D., & Xian, M. (2023). Hydrogen sulfide: Recent development 
of its dual donors and hybrid drugs. British Journal of Pharmacology:1ɀ13. 

 
 



 

 Page 338 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
10. Rose, P., Dymock, B.W., & Moore, P.K. (2015). GYY4137, a novel water-soluble, H2S-

releasing molecule, in Hydrogen Sulfide in Redox Biology, Part A, Cadenas, E. and 
Packer, L., Editors, Elsevier, 143-167. 

11. Nin, D.S., Idres, S.B., Song, Z.J., Moore, P.K., & Deng, L.-W. (2020). Biological Effects of 
Morpholin -4-Ium 4 Methoxyphenyl (Morpholino) Phosphinodithioate and Other 
Phosphorothioate-Based Hydrogen Sulfide Donors. ANTIOXIDANTS & REDOX 
SIGNALING, 32(2):145-158. 

12. Cochrane, P.V., Jonz, M.G., & Wright, P.A. (2021). The development of the O2-sensing 
system in an amphibious fish: consequences of variation in environmental O2 levels. 
Journal of Comparative Physiology B, 191(4):681-699. 

13. ,ÁÚÁÄÏȟ #Ȣ#Ȣȟ 3ÔÉÌÌÅÒȟ +Ȣ4Ȣȟ 4ÉÍÍÅÒÈÁÕÓȟ 'Ȣȟ -ÅÇâÒÄ 2ÅÉÔÅÎȟ "Ȣ+Ȣȟ .ÉÃÏÌÁÙÓÅÎȟ )Ȣ,Ȣȟ 
#ÁÒÌÅÔÔÏȟ $Ȣȟ !ÌÉÐÉÏȟ (Ȣ2Ȣ$Ȣȟ "ÅÒÇÓÔÅÄÔȟ *Ȣ(Ȣȟ Ǫ !ÎÄÅÒÓÅÎȟ zȢ ɉάΪάήɊȢ -ÕÃÏÓÁÌ ÁÎÄ 
systemic physiological changes underscore the welfare risks of environmental hydrogen 
sulphide in post-smolt Atlantic salmon ( Salmo salar). Ecotoxicology and Environmental 
Safety, 270:115897. 

14. Rossi, G.S., Tunnah, L., Martin, K.E., Turko, A.J., Taylor, D.S., Currie, S., & Wright, P.A. 
(2019). Mangrove Fishes Rely on Emersion Behavior and Physiological Tolerance to 
Persist in Sulfidic Environments. Physiological and Biochemical Zoology, 92(3):316-325. 

15. Martin, K.E., Currie, S., & Pichaud, N. (2021). Mitochondrial physiology and responses 
to elevated hydrogen sulphide in two isogenic lineages of an amphibious mangrove 
fish. Journal of Experimental Biology, 224(8):jeb241216. 

16. Ahmed, N.& Turchini, G.M. (2021). Recirculating aquaculture systems (RAS): 
Environmental solution and climate change adaptation. Journal of Cleaner Production, 
297:126604. 

17. 3ÏÍÍÅÒÓÅÔȟ )Ȣȟ 7ÁÌÄÅȟ #Ȣȟ "ÁÎÇ *ÅÎÓÅÎȟ "Ȣȟ "ÏÒÎĜȟ 'Ȣȟ (ÁÕËÁÁÓȟ !Ȣȟ Ǫ "ÒÕÎȟ %Ȣȟ The 
health situation in Norwegian aquaculture 2019. Oslo, Norway, in Norwegian Veterinary 
Institute . 2020. 

18. Alipio, H.R.D., Albaladejo-Riad, N., & Lazado, C.C. (2022). Sulphide donors affect the 
expression of mucin and sulphide detoxification genes in the mucosal organs of 
Atlantic salmon (Salmo salar). Frontiers in Physiology, 13:1083672. 

19. Alipio, H.R.D., Bergstedt, J.H., & Lazado, C.C. (2023). Differential sensitivity of mucosal 
organs to transient exposure to hydrogen sulphide in post-smolt Atlantic salmon 
(Salmo salar). Aquaculture, 573:739595. 

20. Bergstedt, J.H.& Skov, P.V. (2023). Acute hydrogen sulfide exposure in post-smolt 
Atlantic salmon (Salmo salar): Critical levels and recovery. Aquaculture, 570:739405. 

21. Ara-$þÁÚȟ *Ȣ"Ȣȟ "ÅÒÇÓÔÅÄÔȟ *Ȣ(Ȣȟ !ÌÂÁÌÁÄÅÊÏ-2ÉÁÄȟ .Ȣȟ -ÁÌÉËȟ -Ȣ3Ȣȟ !ÎÄÅÒÓÅÎȟ zȢȟ Ǫ 
Lazado, C.C. (2024). Mucosal organs exhibit distinct response signatures to hydrogen 
sulphide in Atlantic salmon ( Salmo salar). Ecotoxicology and Environmental Safety, 
281:116617. 

22. Letelier-'ÏÒÄÏȟ #Ȣ/Ȣȟ !ÁÌÔÏȟ 3Ȣ,Ȣȟ 3ÕÕÒÎßËËÉȟ 3Ȣȟ Ǫ 0ÅÄÅÒÓÅÎȟ 0Ȣ"Ȣ ɉάΪάΪɊȢ )ÎÃÒÅÁÓÅÄ 
sulfate availability in saline water promotes hydrogen sulfide production in fish organic 
waste. Aquacultural Engineering, 89:102062. 

 



 

 Page 339 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
23. Rojas-4ÉÒÁÄÏȟ 0Ȣȟ !ÁÌÔÏȟ 3Ȣ,Ȣȟ BÔÌÁÎÄȟ BȢȟ Ǫ ,ÅÔÅÌÉÅÒ-Gordo, C. (2021). Biofilters are 

potential hotspots for H 2S production in brackish and marine water RAS. Aquaculture, 
536:736490. 

24. Lau, G.Y., Barts, N., Hartley, R.C., Tobler, M., Richards, J.G., Murphy, M.P., & Arndt, S. 
(2019). Detection of changes in mitochondrial hydrogen sulfide in vivo in the fish 
model Poecilia mexicana (Poeciliidae). Biology Open, 8(5):bio041467. 

25. Porteus, C.S., Abdallah, S.J., Pollack, J., Kumai, Y., Kwong, R.W.M., Yew, H.M., Milsom, 
W.K., & Perry, S.F. (2014). The role of hydrogen sulphide in the control of breathing in 
hypoxic zebrafish (Danio rerio). The Journal of Physiology, 592(14):3075-3088. 

26. Cabillon, N.A.R.& Lazado, C.C. (2022). Exogenous sulphide donors modify the gene 
expression patterns of Atlantic salmon nasal leukocytes. Fish and Shellfish Immunology, 
120:1-10. 

27. Perry, S.F.& Tzaneva, V. (2016). The sensing of respiratory gases in fish: Mechanisms 
and signalling pathways. Respiratory Physiology & Neurobiology, 224:71-79. 

28. Hwang, P.-P.& Chou, M.-Y. (2013). Zebrafish as an animal model to study ion 
homeostasis. 0ÆÌİÇÅÒÓ !ÒÃÈÉÖ - European Journal of Physiology, 465(9):1233-1247. 

29. Dymowska, A.K., Hwang, P.-P., & Goss, G.G. (2012). Structure and function of ionocytes 
in the freshwater fish gill. Respiratory Physiology & Neurobiology, 184(3):282-292. 

30. Kumai, Y., Porteus, C.S., Kwong, R.W.M., & Perry, S.F. (2014). Hydrogen sulfide inhibits 
Na+ uptake in larval zebrafish, Danio rerio. 0ÆÌİÇÅÒÓ !ÒÃÈÉÖ - European Journal of 
Physiology, 467(4):651-664. 

31. Kwong, R.W.M.& Perry, S.F. (2015). Hydrogen sulfide promotes calcium uptake in larval 
zebrafish. American Journal of Physiology-Cell Physiology, 309(1):C60-C69. 

32. Hjeltnes, B., Bang-*ÅÎÓÅÎȟ "Ȣȟ "ÏÒÎĜȟ 'Ȣȟ (ÁÕËÁÁÓȟ !Ȣȟ Ǫ 7ÁÌÄÅȟ #Ȣ ɉάΪΫαɊȢ The health 
situation in Norwegian aquaculture 2016. Vol. 127. Norwegian Veterinary Institute, Oslo. 

33. Dalsgaard, A.J.T. (2019). 5th NordicRAS workshop on recirculating aquaculture systems. 
Book of abstracts. Dalsgaard, J. Vol. 7ɀ8. DTU Aqua, Technical University of Denmark, 
Berlin, Germany: . 

34. Bergstedt, J.H., Skov, P.V., & Letelier-Gordo, C.O. (2022). Efficacy of H2O2 on the 
removal kinetics of H2S in saltwater aquaculture systems, and the role of O2 and NO3

Ж. 
Water Research, 222:118892. 

35. Cochrane, P.V., Rossi, G.S., Tunnah, L., Jonz, M.G., & Wright, P.A. (2019). Hydrogen 
sulphide toxicity and the importance of amphibious behaviour in a mangrove fish 
inhabiting sulphide -rich habitats. Journal of Comparative Physiology B, 189(2):223-235. 

36. Country, M.W. (2017). Retinal metabolism: A comparative look at energetics in the 
retina. Brain Research, 1672:50-57. 

37. Meschede, I.P., Ovenden, N.C., Seabra, M.C., Futter, C.E., Votruba, M., Cheetham, 
M.E., & Burgoyne, T. (2020). Symmetric arrangement of mitochondria:plasma 
membrane contacts between adjacent photoreceptor cells regulated by Opa1. 
Proceedings of the National Academy of Sciences, 117(27):15684-15693. 

38. Allore, C.A., Rossi, G.S., & Wright, P.A. (2021). Seeing in the swamp: hydrogen sulfide 
inhibits eye metabolism and visual acuity in a sulfide-tolerant fish . Biology Letters, 
17(9):20210329. 



 

 Page 340 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
39. Abdollahi, M.& Hosseini, A. (2014). Hydrogen Sulfide, in Encyclopedia of Toxicology, 

Wexler, P., Editor Oxford: Academic Press, 971-974. 
40. Mousa, H.A.-L. (2015). Short-term effects of subchronic low-level hydrogen sulfide 

exposure on oil field workers. Environmental Health and Preventive Medicine, 20(1):12-
17. 

41. Kelley, J.L., Arias-Rodriguez, L., Patacsil Martin, D., Yee, M.-C., Bustamante, C.D., & 
Tobler, M. (2016). Mechanisms Underlying Adaptation to Life in Hydrogen Sulfideɀ
Rich Environments. Molecular Biology and Evolution, 33(6):1419-1434. 

42. Olson, K.R. (2015). Hydrogen Sulfide as an Oxygen Sensor. Antioxidants & Redox 
Signaling, 22(5):377-97. 

43. Gibson, D.J., Sylvester, E.V.A., Turko, A.J., Tattersall, G.J., & Wright, P.A. (2015). Out of 
the frying pan into the air -emersion behaviour and evaporative heat loss in an 
amphibious mangrove fish (Kryptolebias marmoratus). Biology Letters, 11(10):20150689. 

44. Robertson, C.E., Turko, A.J., Jonz, M.G., & Wright, P.A. (2015). Hypercapnia and low pH 
induce neuroepithelial cell proliferation and emersion behaviour in the amphibious 
fish Kryptolebias marmoratus. Journal of Experimental Biology, 218(19):2987-2990. 

45. Martin, K.E.& Currie, S. (2020). Hydrogen sulphide sensitivity and tolerance in 
genetically distinct lineages of a selfing mangrove fish (Kryptolebias marmoratus). 
Journal of Comparative Physiology B, 190(6):761-770. 

46. Gomez, D., Sunyer, J.O., & Salinas, I. (2013). The mucosal immune system of fish: The 
evolution of tolerating commensals while fighting pathogens. Fish & Shellfish 
Immunology, 35(6):1729-1739. 

47. Hirsch, A.R.& Zavala, G. (1999). Long-term effects on the olfactory system of exposure 
to hydrogen sulphide. Occupational and Environmental Medicine, 56(4):284-287. 

48. Tobler, M., Kelley, J.L., Plath, M., & Riesch, R. (2018). Extreme environments and the 
origins of biodiversity: Adaptation and speciation in sulphide spring fishes. Molecular 
Ecology, 27(4):843-859. 

49. 'ÒÅÅÎ×ÁÙȟ 2Ȣȟ "ÁÒÔÓȟ .Ȣȟ (ÅÎÐÉÔÁȟ #Ȣȟ "ÒÏ×Îȟ !Ȣ0Ȣȟ !ÒÉÁÓ 2ÏÄÒÉÇÕÅÚȟ ,Ȣȟ 2ÏÄÒþÇÕÅÚ 0ÅđÁȟ 
C.M., Arndt, S., Lau, G.Y., Murphy, M.P., Wu, L., Lin, D., Shaw, J.H., Kelley, J.L., & 
Tobler, M. (2020). Convergent evolution of conserved mitochondrial pathways 
underlies repeated adaptation to extreme environments. Proceedings of the National 
Academy of Sciences, 117(28):16424-16430. 

50. Brown, A.P., Arias-Rodriguez, L., Yee, M.-C., Tobler, M., & Kelley, J.L. (2018). 
Concordant Changes in Gene Expression and Nucleotides Underlie Independent 
Adaptation to Hydrogen-Sulfide-Rich Environments. Genome Biology and Evolution, 
10(11):2867ɀ2881. 

51. Kelley, J.L., Tobler, M., Beck, D., Sadler-Riggleman, I., Quackenbush, C.R., Arias 
Rodriguez, L., & Skinner, M.K. (2021). Epigenetic inheritance of DNA methylation 
changes in fish living in hydrogen sulfideɀrich springs. Proceedings of the National 
Academy of Sciences, 118(26):e2014929118. 

  
  



 

 Page 341 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

C15 
PLANT GROWTH -PROMOTING FUNGI ASSOCIATED WITH 
DIFFERENT HABITATS IN EGYPT 
 

Shrouk Algarihi EBRAHIM 1,*, Metwally Ramadan KOTTB 2, Mona 
Mahmoud ELBOUS1, Sergio de los Santos VILLALOBOS 3 
 
1Botany Department, Faculty of Science, Port Said University, Port Said, Egypt. 
2Botany Department, Faculty of Science, Suez Canal University. 
3)ÎÓÔÉÔÕÔÏ 4ÅÃÎÏÌĕÇÉÃÏ ÄÅ 3ÏÎÏÒÁȢ ί ÄÅ ÆÅÂÒÅÒÏȟ βΫβ ÓÕÒȟ #ÁÊÅÍÅȢ βίΪΪΪȟ #ÉÕÄÁÄ 
/ÂÒÅÇĕÎȟ 3ÏÎÏÒÁȟ -ïØÉÃÏ 
*Correspondence: shroukhassan@sci.psu.edu.eg 
 
 

ABSTRACT 
 
The use of synthetic fertilizers in agricultural production has harmful impacts on ecosystems. 
Therefore, there is an emergent demand for the application of natural and sustainable practices to 
save the environment. Plant-growth-promoting fungi (PGPF) promote the growth of crops and are 
considered biocontrol agents against phytopathogens; in addition, they can enhance soil health, 
improve nutrient uptake by plants, and reduce the impact of plant diseases, thereby contributing 
to sustainable agricultural practices. In the present investigation, 37 fungal species were isolated 
from the rhizosphere and rhizoplane of maize or corn (Zea mays) and faba bean (Vicia faba) from 
AlRaswa erry, glaucous glasswort (Arthrocaulon macrostachum) and Slenderleaf ice plant 
(Mesembryanthemum nodiflorum) were collected from El-gamaal area of Port Said governorate. 
The most observed effects on A. thaliana are a significant improvement in root length development 
and the number of leaves due to multiple mechanisms, e.g., the fungal phytohormone, such as 
indole acetic acid production (IAA), volatile organic compounds (VOCs), siderophore production, 
and phosphate solubilization. The Penicillium oxalicum isolated from the rhizosphere regions of 
Zea mays in Port Said governorate could be a promising naturally occurring plant-growth-
promoting fungus. P. oxalicum improved significantly the growth of Arabidopsis thaliana in vitro 
when they were co-cultivated without physical contact. It will be applied as a biological inducer. 
Aspergillus niger, Fusarium oxysporium, and Paecilomyces liliacinus also showed the highest 
production of previous traits.  
 
Keywords:  Port Said; plant growth promotors; siderophore; IAA; and biological inducer 
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INTRODUCTION  
 
The rhizosphere and rhizoplane are where most biological interactions of 
microorganisms with plants occur. Plant microbiomes can chemically and physically 
alter the soil surrounding the roots by changing the pH, nutrient availability, gas 
exchange, and other factors. It involves a significant energy flow impacting the 
surrounding ecosystem. The rhizosphere microbiota improves soil fertility and 
encourages plant growth, which benefits agroecosystems. Included within this 
microbiota consortium are the filamentous fungi that have undergone extensive 
research for sustainable agriculture [1,2]. For instance, the rhizosphere mycobiota can 
promote the development of plants by establishing symbiotic relationships, stimulating 
growth hormone production, inducing phos phate solubilization, or acting as a biological 
control against phytopathogens and agricultural pests [3;4]. An example of those 
associations is the facultative biotrophic dark septate endophytic fungi that have been 
found to act as plant growth promoters by establishing a symbiotic relationship with 
host plants, facilitating the absorption of various elements, such as nitrogen and 
phosphorus. Thus, many fungal species, including Cladosporium cladosporioides [5], 
Phoma sp. [6], and Trichoderma atroviride [7], have been found to promote plant 
development by stimulating auxin hormone production.   
Fungi are a central factor of the plant microbiome that emit large amounts and different 
mixtures of volatiles [8,9]. Agricultural ecosystems benefit from the roles played by 
microbial volatiles because they promote plant growth and offer systemic protection 
against phytopathogens. Plant-growth-promoting fungi (PGPF) play a crucial role in 
supporting plant health and productivity across diverse habitats, from agricultural fields 
to natural ecosystems. These fungi contribute to plant growth through mechanisms such 
as nutrient solubilization, disease suppression, and the enhancement of stress tolerance. 
Due to their wide-ranging benefits, PGPF are of increasing interest in sustainable 
agricultural practices, where they can potentially replace chemical fertilizers and 
pesticides. The diversity of habitatsɂranging from soil types to plant speciesɂprovides 
a wide array of fungal strains with unique properties. Therefore, it is essential to explore 
and extract these valuable fungal resources from multiple environments [10], as different 
habitats may harbor novel and more effective strains with specific traits. This study aims 
to investigate PGPF from diverse habitats to identify promising candidates for 
agricultural applications, contributing to the development of s ustainable and 
environmentally friendly agricultural practices. A variety of volatiles are produced by 
some fungi, including alcohols, acids, hydrocarbons, benzenoids, fatty acid derivatives, 
esters, and organic sulfur compounds [11,12]. Different fungal genera, such as Aspergillus, 
Fusarium, Trichoderma, and Penicillium were recorded as plant growth promoters due 
to those volatiles [13]. Generally, fungi could use several mechanisms to promote plant 
growth like the production of phytohormones [14]. Phytohormones are involved in  
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several forms of plant-microbe interactions and the beneficial interactions of plants with 
PGPF [10]. The generally recognized classes of phytohormones produced by PGPF are 
the indole acetic acid and GAs. IAA, the most studied auxin, regulates many aspects of 
plant growth, in particular root morphology by inhibiting root elongation, increasing 
lateral root production, and stimulating adventitious roots. GAs are well known for their 
role in various developmental processes in plants, including stem elongation. Another 
phytohormone through which PGPF mediate plant growth is cytokinin, especially the 
Zeatin. Zeatin production has been documented in Piriformospora indica, Trichoderma 
harzianum, and Phoma sp. volatile compounds [15], microorganisms produce several 
mixtures of gas-phase, carbon-based compounds called VOCs as part of their 
metabolism. The comparative analysis of experimental data has shown that volatile 
metabolites make a much larger contribution to microbial interaction s than non-volatile 
ones. Recent studies reveal that VOC emission is a common property of a wide variety 
of soil fungi, including PGPF, and siderophores [16]. Siderophore production is one 
mechanism used by some PGPFs to increase the accessibility of iron for plants [40ɀ42]. 
Siderophores are small low molecular weight (<1000 Daltons) extracellular compounds 
that are generally produced by aerobic and anaerobic microorganisms under low-iron 
stress. They are secreted by microorganisms to chelate or bind residual iron from 
insoluble iron hydroxides, protein-bounded iron, or other iron chelates that are 
subsequently brought back into the cell by specific uptake mechanisms, and 
solubilization of minerals [17]. Phosphate is a vital element for early growth and 
enhanced yield of crops. The phosphate-solubilizing fungi are strongly recommended 
for the utilization of unavailable native phosphate by bringing about changes in soil-
producing chelating agents and organic acids.  
In acidic soils, even when added in sufficient quantities as fertilizer, phosphorus 
precipitates with iron or aluminum cations, while in alkaline soil phosphorus 
precipitates as calcium phosphates The microbial capacity to release metabolites, 
particularly  organic acids indicates phosphorus solubilizing ability. In addition, fungi 
can indirectly promote plant growth by preventing the harmful effects of plant 
pathogens and diseases; for example, P. oxalicum protected the Pearl millet from Downy 
Mildew disease [18]. Four plants were collected in this study, Zea mays and Vicia faba 
were considered the most economical plants. Arthrocaulon macrostachum and 
Mesembryanthemum nodiflorum were collected to detect the effect of stress. Thus, the 
goal of the current study was to investigate the potential of various fungi isolated from 
the Port Said governorate to promote plant growth and elucidate their different 
mechanisms. Findings are of particular importance to agricultural applications as they 
introduce naturally occurring fungal species able to enhance and stimulate plants.  
Our results revealed that PGPF isolated from the rhizosphere and rhizoplane of Zea 
mays and Vicia faba can promote plant growth via multiple mechanisms, [59] 
demonstrated that 75 % of the isolates from the rhizosphere of Vicia faba produced IAA  
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and tricalcium phosphate, [29] isolated fungi from the rhizoplane, stem, and leaf of 
maize and measured their phosphate solubilizing potential [60].   
 
 
MATERIAL AND METHODS  
 
Isolation and Identification of Fungi  
Different fungal species were isolated from the rhizosphere and rhizoplane of Zea mays 
and Vicia faba from AlRaswa Ferry of Port Said governorate and Arthrocaulon 
macrostachum and Mesembryanthemum nodiflorum were collected from el-gamaal in 
the winter season. Polythene bags were used to collect samples. The rhizosphere was 
separated from the roots using a brush in a Petri dish. Ten grams of rhizosphere was 
diluted in 90 ml of sterile and distilled water and stirred on a magnetic stirrer for 15 
minutes, then serial dilutions up to 10-4 were prepared, and 1 ml of each dilution was 
transferred into Petri dishes containing Czapex- Dox medium(CZ)  with antibacterial  
rose-bengal  ÁÎÄ ÃÈÌÏÒÁÍÐÈÅÎÉÃÏÌȟ ×ÈÉÃÈ ×ÅÒÅ ÕÓÅÄ ÁÔ Á ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ ίΪ ЪÇȾÍ, ÉÎ 
the medium. These concentrations control unwanted microbial growth without 
affecting the target microorganisms. The experiment was carried out for at least three 
biological replicates of each dilution. On the other hand, toots were washed with 100 ml 
of sterile and distilled water three times before being transferred to a beaker containing 
tween 80. Fungal identification was performed using traditional mycological methods 
that include mi croscopic identification on Potato Dextrose Agar (PDA), malt extract 
agar, and Czapex-Dox media (inoculate the isolates on media for purification then 
identified through microscopy)[19]. 
 
Molecular identification and phylogenetic analysis  
The fungal growth of P.oxalicum was centrifuged, harvested, and used for total DNA 
extraction via the ABT DNA mini extraction kit (Applied Biotech Ltd, Egypt) according 
to the manufacturer's protocol. TheextractedDNA was then used to identify the isolated 
fungi by sequencing the 5.8S rRNA region using universal primers ITS1 (5- 
TCCGTAGGTGAACCTGCGG-3') and ITS4 (5-TCCTCCGCTTATTGATATG-3') as 
mentioned in the protocol. The amplified PCR products were submitted to Solgent 
Company Ltd (South Korea) for gel purification and amplicon sequencing. Geneious 
software (Biomatters) was used to trim and assemble the resulting sequences. The 
amplified region of the 5.8S rRNA was searched for using the basic local alignment 
search tool (BLAST) of the Gene Bank database National Center for Biotechnology 
Information (NCBI). Phylogenetic analysis was developed by using Molecular 
Evolutionary Genetics Analysis version 11 (MEGA11). The Neighbor-Joining approach was 
employed to reveal the evolutionary history. Mentioned next to the branches is a  
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percentage of the replicate trees where the relevant taxa were grouped in the bootstrap 
test. 
 
Fungi -Plant Co -Cultivation  
The isolated fungi were examined for their volatile production and their effect on plant 
growth in a co-cultivation assay. Thus, Arabidopsis thaliana was used as a model plant.  
The surface of seeds was sterilized using 70% ethanol (1 min), and 5% calcium 
hypochlorite (5 min), and washed three times with sterile water [20]. Four seedlings 
were transplanted into glass jars with solidified Murashige and Skoog medium (MS 
medium). TheÎȟ ÓÅÅÄÓ ×ÅÒÅ ÖÅÒÎÁÌÉÚÅÄ ÆÏÒ ÔÈÒÅÅ ÄÁÙÓ ÁÔ ήТ# ×ÉÔÈÏÕÔ ÌÉÇÈÔ ÉÎ Á ÓÌÁÎÔÅÄ 
position for 3 days. Meanwhile, tested fungi were cultured on cz medium for 9 days, and 
a 0.5-centimeter disk of each fungal strain developed on potato dextrose broth (PDB) 
medium at άΪТ# ×ÁÓ ÉÎÏÃÕÌÁÔÅÄ ÔÏ Á άΪ ÍÌ ÂÒÏÔÈ ÍÅÄÉÕÍ ÉÎ Á ÂÅÁËÅÒȢ &ÉÎÁÌÌÙȟ ÔÈÅ ÓÔÅÒÉÌÅ 
plants with MS medium and the fungal culture were placed into a sterile container, at a 
distance of about 3 cm. Arabidopsis thaliana seedlings were exposed to the volatile 
ÃÏÍÐÏÕÎÄÓ ÏÆ ÔÅÓÔÅÄ ÆÕÎÇÉ ÆÏÒ α ÄÁÙÓ ÁÔ άΪТ# ÁÎÄ βί ʏÍÏÌÍЖάÓЖΫ ÏÆ ÌÉÇÈÔ ÁÔ Á ΫΰÈ ÌÉÇÈÔȾβÈ 
dark cycle in an incubator (model: ST6P, serial number: ST06190116, country: Poland). 
The aforementioned conditions were performed to prevent spore production. In control 
experiments, fungal strains were not included. Three technical replicates were used to 
calculate the fresh weight, dry weight, number of leaves, and the plant shoot and root 
lengths [21].  
 

 
Figure 1. Map showing sample sites in Port Said Governorate.1-AlRaswaferry region 2-

Elgamaal from Google Maps. 
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Quantification of Indole Acetic Acid Produced by Fungal Strains  
Fungal biomass was inoculated into test tubes containing 10 ml of Potato dextrose broth 
(PDB) medium supplemented with 2 mg ml-1 of L-tryptophan, in triplicate. Inoculated 
ÔÕÂÅÓ ×ÅÒÅ ÉÎÃÕÂÁÔÅÄ ÆÏÒ Ô×Ï ×ÅÅËÓ ÁÔ άίТ# ÏÎ Á ÓÈÁËÅÒ ɉÍÏÄÅÌȡ 3+-0330-pro, serial 
number: SC184AD000415, country: USA). Fungal biomass was harvested by centrifuge at 
11,000 rpm for 4-5 min, then one mL of the supernatant was added to 2 mL of Salkowski 
reagent, which contains 1 mL of 0.5 M FeCl3 plus 49 ml of 35% HClO4 and mixed. The 
ÍÉØÔÕÒÅ ×ÁÓ ÔÈÅÎ ÉÎÃÕÂÁÔÅÄ ÉÎ Á ÄÁÒË ÐÌÁÃÅ ÁÔ άβ З ά Т# ÆÏÒ έΪ ÍÉÎȢ  
Finally, the absorbance (OD) was assessed at a wavelength of 530 nm using a 
spectrophotometer. A standard IAA curve was prepared using different concentrations 
ÏÆ )!! ɉΫΪȟ άΪȟ έΪȟ ήΪȟ ÁÎÄ ίΪ ЪÇ ÍÌ-1) [22].  
 
Detection of Phosphate Solubilization by Studied Strains  
The ability of the isolated fungi to soluble tricalcium phosphate (TCP) as an insoluble 
inorganic phosphate source in the Pikovskaya (PVK) medium was investigated. A clear 
zone surrounding the mycelium is an indication of phosphate-solubilizing capacity. The 
PVK medium (g/L) was composed of  0.5  g (NH4)2 SO4,  0.1g MgSO4ẗ7H2O,  0.02g NaCl,  
0.02 g KCl, 5  g   Ca3 (PO4)2, 0.003 g MnSO4 H2O, 0.003 g FeSO4ẗ7H2O, 0.5 g yeast extract, 
10 g glucose, 15 g agar, and 1 liter of distilled water and was sterilized by autoclaving at 
ΫάΫТ# ÆÏÒ άΪ ÍÉÎȢ )ÎÏÃÕÌÁÔÉÏÎ ×ÁÓ ÄÏÎÅ ÕÓÉÎÇ ÔÈÅ ÐÏÕÒ ÐÌÁÔÅ ÍÅÔÈÏÄ ɉÓÔÅÒÉÌÉÚÅÄ ÍÅÄÉÕÍ 
was mixed with inoculated isolates in sterilized Petri dishes). The plates within negative 
ÃÏÎÔÒÏÌ ɉÔÈÒÅÅ ÒÅÐÌÉÃÁÔÅÓ ÆÏÒ ÅÖÅÒÙ ÉÓÏÌÁÔÅɊ ×ÅÒÅ ÉÎÃÕÂÁÔÅÄ ÆÏÒ Á ×ÅÅË ÁÔ άίТ#Ƞ ÎÏ 
phosphate-solubilizing microorganism, as a positive control, was not used. The distance 
across clear zones surrounding the growth of each fungal isolate was measured at two 
days intervals of plating (i.e., the 1, 3, 5, and 7 days of plating) [23]. The solubilization 
index (SI) was recorded on each measurement day and was assessed as follows: SI = 
ɏɉ$ÉÁÍÅÔÅÒ ÏÆ ÓÏÌÕÂÉÌÉÚÁÔÉÏÎ ÚÏÎÅ Ж $ÉÁÍÅÔer of the colony)/ Diameter of the colony] 
ИΫΪΪȢ 
 
Detection of Siderophore Biosynthesis by the Studied Strains  
The isolated fungi were inoculated in CAS-agar medium plates composed of 4 solutions. 
The first solution where 10 ml of l mmol l-1 FeCl3.6 H2O was mixed with 50 ml of CAS 
aqueous solution (1.21 g l-1) to prepare the Fe-CAS indicator. The resulting blue color was 
mixed gently with hexadecyltrimethylammonium bromide (1.821g-1), the yield was then 
autoclaved and cooled down to 40-ίΪТ#Ȣ 3ÏÌÕÔÉÏÎ ά ɉέά Ç ÐÉÐÅÒÁÚÉÎÅ-N, N -bis (2-ethane 
sulfonic acid), PIPES was dissolved in 750 mL of ddH2O.KH 2PO4, 0.3 g NaCl, 0.5g, and 1 
g of NH4Cl. The solution pH was adjusted to reach 6.8 with the help of NaOH. Water 
was then added to increase volume to 800 mL; then, the mixture was autoclaved after 
ÁÄÄÉÎÇ Ϋβ Ç ÁÇÁÒ ÂÅÆÏÒÅ ÂÅÉÎÇ ÃÏÏÌÅÄ ÄÏ×Î ÔÏ ίΪТ#ȟ ÓÏÌÕÔÉÏÎ έ ɉÉÎ αΪ ÍÌ (2O, added 2g 
glucose, 2g mannitol, 493mg MgSO4.2H2O, 11 mg CaCL2, 1.17 mg Mn SO4.2H2O, 1.14 mg  
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H3BO3, 0.04 mg CuSO4 .5H2O, 1.2 mg ZnSO4.7 H2O and sodium molepedate 1 mg then 
ÁÕÔÏÃÌÁÖÅÄ ÁÎÄ ÃÏÏÌÅÄ ÔÏ ίΪТ#Ȣ 3ÏÌÕÔÉÏÎ ή ÃÏÎÔÁÉÎÓ ΫΪГ ɉ×\ v) casamino acid. Solution 3 
was mixed with solution 2 and 30 ml from solution 4 before the mixture was finally 
added to solution 1 [24]. After that, plates were poured and mixed with inoculum, then 
ÉÎÃÕÂÁÔÅÄ ÆÏÒ Á ×ÅÅË ÁÔ άβТ# ÉÎ ÄÁÒË ÃÏÎÄÉÔÉÏÎÓ ɉÔÈÒÅÅ ÒÅÐÌÉÃÁÔÅÓɊȢ 4ÈÅ ÅÑÕÁÔÉÏÎ ÕÓÅÄ ÔÏ 
calculate the siderophore zone is as follows: siderophore zone = orange area - diameter 
of the colony. 
 
Headspace Collection of Volatile Compounds  
A culture disk (~0.5 cm) from a one-week-old P. oxalicum culture was inoculated into 
100 ml of PDB medium in sterile screw-capped glass bottles inserted into an incubation 
chamber of a marginally altered wind current collection system [25]. A sterile humidified 
tube (Charcoal-purified) was forced through a closed system. The volatile components 
released inside the headspace were trapped in a column. Throughout the incubation 
stage, the volatile compounds were collected at intervals of 24 hours for up to 9 days 
ÂÅÆÏÒÅ ÂÅÉÎÇ ÅÌÕÔÅÄ ×ÉÔÈ έΪΪʏÌ ÄÉÃÈÌÏÒÏÍÅÔÈÁÎÅ and analyzed via gas chromatography-
mass spectrometry (GC-MS). 
 
 
STATICAL ANALYSIS 
 
All obtained results were analyzed to compare the means and significant differences by 
analysis of variance (ANOVA) at p У 0.05, followed by t-test, using Prism version 8 for 
Windows, GradPad Software, La Jolla, California, USA. 
 
 
RESULTS 
 
Fungal Isolation from the Studied Habitats  
A total number of 37 fungal species were isolated from the two habitats (rhizosphere 
and rhizoplane) of the studied plants (Zea mays, Vicia faba, Arthrocaulon 
macrostachum, and Mesembryanthemum nodiflorum) (Table 1) revealed that the 
prevailing genus is Penicillium showing a diversity of 12 species; following by Aspergillus 
and Fusarium revealing five species each. The remaining taxa were represented only by 
two or one species. 
The rhizosphere of cultivated plants tends to hold rich taxa regardless of the apparent 
difference between the selected plants. While Zea mays rhizosphere revealed 14 fungal 
species, Vicia faba showed only nine taxa. As for wild plants, the rhizosphere of 
Arthrocaulon macrostachum demonstrated four species, and Mesembryanthemum 
nodiflorum reported three species.  
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Again as for rhizoplane and wild candidate plants, only four species. While the 
rhizoplane of Arthrocaulon macrostachum demonstrated three species and 
Mesembryanthemum nodiflorum reported two fungal species.  

 
Table1. &ÕÎÇÁÌ ÂÉÏÔÁ ÉÓÏÌÁÔÅÄ ÆÒÏÍ ÔÈÅ ÒÈÉÚÏÓÐÈÅÒÅ ÁÎÄ ÒÈÉÚÏÐÌÁÎÅ ÏÆ ÃÁÎÄÉÄÁÔÅÓȭ 

plants. 

The rhizosphere of cultivated  plants  Fungal species  

Zea mays 

Actinomucor elegans 

Aspergillus flavus 

Aspergillus niger 

Aspergillus terreus 

Aspergillus ustus 

Fusarium dimerium 

Fusarium oxysporum 

Fusarium sp 

Gerlachia nivalis 

Paecilomyces lilacinus 

Penicillium corylophilum 

Penicillium oxalicum 

Penicillium sp 

Yeast sp 

Gerlachia sp 

Vicia faba 

Aspergillus niger 

Aspergillus terreus 

Cladosporiumcladosporioides 

Curvularia tuberculata  

Penicillium funiculosum 

Penicillium janthinellum 

Penicillium rugulosum 

Penicillium variable 

Penicillium spII . 

Rhizosphere of halophytes plants Fungal species 

Arthrocaulon macrostachum 
Aspergillus flavus 

Penicillium jensenii 

Rhizoplane of plants  Fungal taxa 

Zea mays Alternaria altarnate 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/penicillium-janthinellum
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Acromonium kiliense 

Alternaria sp. 

Fusarium oxysporium 

Fusarium sp. 

Fusarium solonia 

Penicillium variable 

Penicillium sp. 

Rhizopus stolonifer 

Penicillium verrcosum 

Vicia faba 

Paccilomyces carnus 

Fusarium sp. 

Penicillium sp. 

Fusarium merismoides 

Aspergillus oryzae 

Cladosporium sp. 

 Penicillium jensenii 

Torula sp. 

Geotrichum sp. 

Arthrocaulon macrostachum 

Aspergillus flavus 

Penicillium sp. 

Penicillium jensenii 

Mesembryanthemum nodiflorum 
Aspergillus flavus 

Penicillium sp. 

 
Molecular identification and phylogenetic analysis  
The fungal strain was identified via sequencing the 5.8S rRNA region using universal 
primers ITS1 and ITS4. The amplified PCR products were sequenced and searched for 
using the BLAST search tool in the NCBI. The sequence was as follows: 
ίǰ-
TTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGAGGGCCCTCTGGGTCCAA
CCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCC
GGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGT
CTGAAGATTGCAGTCTGAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATC
TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGC
AGATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGG
GGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCT
CGCCCCCCGCTTCCGGGGGGCGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTC
CTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCCCGCCGGC
GAACACCATCAATCTTAACCAGGTGACCTCGGATC- έǰ  
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The BLAST search identified the strain to be from the genus Penicillium. Alignment and 
phylogenetic analysis showed a 100% identity and formed a cluster between the obtained 
sequence and the sequence of Penicillium oxalicum clone EF_475 (GenBank accession 
#MT529124.1) 
 
The Impact of Fungal Volatiles on the Development of Arabidopsis thaliana  
After nine days of cocultivation and concurrent exposure of the A. thaliana seedlings to 
emitted volatiles from the different fungi, the growth and development of A. thaliana 
were evaluated. Penicillium oxalicum and Fusarium sp. had the most significant effect 
compared to control on the A. thaliana growth but others with lowest significant effect, 
where P. oxalicum showed the highest effect among all on the length of root and shoot 
regions, and the number of leaves. Inoculation with Penicillium oxalicum increased the 
seedlings' shoot length by 30%, the root length by 200%, the weight by 100%, and the 
number of leaves by 20% compared to the controls. Thereby, P. oxalicum volatiles 
received further investigations; this result shows that these fungal species promoted the 
A. thaliana plant growth compared to the control. The minimum effect showed by 
Alternaria alternate and Aspergillus flavus from wild habitat.  
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Figure 2. Impact of fungal volatile compounds on the growth of A. thaliana. The A. thaliana 

seedlings and fungal strains were co-ÃÕÌÔÉÖÁÔÅÄ ÆÏÒ γ ÄÁÙÓ ÁÔ άΪТ# ÁÎÄ βή ʏÍÏÌ ÍЖάÓЖΫ of light 
at a 16/8 h light/dark cycle. Various parameters investigated such as root length, shoot length, 

weight, and the number of leaves were measured and bar graphed as shown. Data were 
compared using one-×ÁÙ !./6! ÁÔ Ð П ΪȢΪίȟ ÆÏÌÌÏ×ÅÄ ÂÙ Á Ô-test, for at least three biological 
ÔÅÓÔ ÒÅÐÌÉÃÁÔÅÓȢ 3ÔÁÒ Ȱɛȱ ÒÅÐÒÅÓÅÎÔÓ ÓÉÇÎÉÆÉÃÁÎÃÅȟ ÁÎÄ %ÒÒÏÒ bars represent the standard deviation 

of at least 3 biological replicates. 

 
Analysis of Head Space Volatiles of Penicillium Oxalicum  
As the volatiles discharged by P. oxalicum appeared to cause the maximum significant 
effects on the A. thaliana morphology, we analyzed the volatile components using gas 
chromatography (GC) (Table 2). Intriguingly, some compounds released by P. oxalicum 
were not previously recorded to have any biological activities. These compounds include 
Phenol, 2-Methoxy-4-(2-propenyl) - and Hahnfett.  

 
Table 2. Gas chromatography analysis of the P. oxalcium volatiles. 

Biological activities Quantity% 
RT 

(Retention 
time)  

Compounds 

Plant growth promotion[26].  0.30 5.76 
Ristrimethylsilyl ether derivative of 

1,25-dihydroxyvitamin D2  

Antifungal activity[27]  
anticancer, anti-inflammatory.  

0.35 7.92 
9,12,15-Octadecatrienoic acid, 2-

[(trimethylsilyl)oxy] -1-
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trimethylsilyl)oxy]methy l]ethyl ester, 
(z,z,z) 

Anticancer and antifungal activity. 0.36 10.53 
3-Oxo-20-methyl-11-Û-hydroxyconanine-

1,4- 
-diene 

Plant growth promotion [26]and 
Flavoring agent, anti-infective agent, and 

antioxidant.  
0.79 12.27 Phenol, 2-methoxy-4-(2-propenyl)- 

Plant growth promotion[26].  0.58 15.23 
1,8-Di(4-nitrophenylmethyl) -3,6- 

-diazahomoadamantan-9-one 

Antifungal and plant growth promotion 
(Effects of phenol 2,4-bis(1,1-

dimethylethyl) on seedling growth of 
erticillium dahlia.  

1.24 15.49 Phenol, bis(1,1-dimethylethyl)  

Antifungal activity.  0.32 19.02 2-Myristynoyl pantetheine  

Antioxidant[28], and antifungal activity .  0.44 21.77 
Phen-1,4-diol, 2,3-dimethyl -5-

trifluoromethyl  

Cell membrane stability. 0.37 22.72 Methyl -9,9,10,10-d4-octadecanoate 

Antioxidant activity.  0.57 23.63 
Hexadecanoic acid, 1-(hydroxymethyl) -1,2-

ethanediyl ester 

 Hypocholesterolemic, ntiarthritic, 
nematicide, 5- alpha reductase inhibitor, 

antiacne and hepatoprotective. 
0.56 23.81 

Hexadecanoic acid, 2-hydroxy-1,3-
propanediyl ester 

Plant growth promotion and pesticide 
and heavy metal behavior 

1.96 33.76 Rhodopin 

Plant growth promotion[26],anti -
inflammatory, anticancer, antimicrobial, 

antioxidant and hyperchloesteralemi 
0.39 25.90 

 9,12,15-Octadecatrienoic acid, 2,3-
bis[(trimethylsilyl)oxy]  
propyl ester, (z, z, z) 

Antifungal, and 
Stroke, Acute neurologic disorder, 

Respiratory failure, Anemia treatment. 
0.41 26.53 9-Octadecenoic acid (z)- 

Antioxidant .  3.17 27.01 
2-Acetyl-3-(2-cinnamido) eth yl -7-

methoxyindole 

No activity recorded until now.  0.73 27.43 
3-(Tetradecanoyloxy)-2- [(Tr Imethylsilyl) 

Oxy] Propyl  
Myristate 

Plant growth promotion.  0.80 27.51 
4-Hexyl-1-(7-methoxycarbonylheptyl) 

bicyclo[4.4.0]deca-2,5,7-triene 

No activity recorded until now.  0.76 28.75 
Hexadecanoic acid, 2,3-dihydroxypropyl 

ester 

Antifungal activity .  0.81 29.36 Hahnfett  

Plant growth promotion.  3,98 34.55 
O-Tetrakis(trimethylsilyl)3,5 -dihydroxy-2-

(3-hydroxy-1octenyl)- 
cyclopenta- neheptanoate 

Plant growth promotion.  1.01 29.47 
5,8,11,14-Eicosatetraynoic acid, tbdms 

derivative 

No activity recorded until now.  3.98 34.55 
Prost-13-en-1-oic acid, 9,11,15 

tris[(trimethylsilyl) oxy] -, trimethylsilyl 
ÅÓÔÅÒȟ ɉγÜȟΫΫÛȟΫέÅȟΫίÓȟ ÁÃÅÔÉÃ ÁÃÉÄȢ 

No activity recorded until now.  3.31 30.03 Cholesterol, tms derivative 

Antibacterial activity.  24.18 31.41 Di(Isityl)di[phosphino] silane  

No activity recorded until now.  12.40 31.49 
7-(4-Hydroxy-5-methoxy-1,5-dimet 
hylhexyl)-4,4,10,13,14-pentamethyl- 
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2,3,4,5,6,7,10,11,12,13,14,15,16,17-t 
etradecahydrocyclopenta[a]phenanth ryl 

ester 

Antibacterial and antifungal  9.01 34.65 Campesterol, tms derivative 

Antifungal activity.  1.61 32.46 

5ah-3a,12-Methano-1h-cyclopropa [ 
5',6']cyclodeca[1',2':1,5]cyclopenta[1 ,2-

d][1,3]dioxol-13-one, 1a,2,3,9,12,12a-
hexahydro-9-hydroxy-10-

(hydroxymethyl) -1,1,3,5,7,7-hexamethyl-, 
[1ar-ɉΫÁÛȟέÛȟέÁÛȟίÁÛȟβÁÒɛȟγÜȟΫάÛȟΫ άÁÛɊɐ 

No activity recorded until now  1.96 33.76 Psi.,. psi. -carotene, 1,2-dihydro-1-hydroxy 

Plant growth promotion and antifungal .  1.98 34.01 
;-D-GLucopyranoside, methyl 2-

(acetylamino)-2-deoxy-3- o-
(trimethylsilyl) -, cyclic ethylboronate 

 
Determination of Phosphate Solubilization by the Isolated Fungi  
Phosphorus solubilizing fungi may promote plant growth by solubilization of phosphate 
to become available to plants, stimulating nitrogen fixation, synthesizing 
phytohormones, and enhancing iron availability. The ability of the isolated fungi to 
solubilize TCP was therefore tested. Our results showed that Aspergillus niger, 
Penicillium sp., and Penicillium jensenii had the highest ability among others to 
solubilize the TCP compared to the control) SI is zero), as indicated by the presence of 
clear zones and phosphorus solubilization. Penicillium jensenii had the lowest ability. 
This result may promote plant growth by enhancing phosphorus solubilization. 15 fungal 
isolates from a total of 37 isolates produce phosphate solubilization. 
 

 
Figure3. Phosphate index determination. Bar graph showing the phosphate 

solubilization index indicating the concentration produced compared to control. Data 
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was compared using one-×ÁÙ !./6! ÁÔ Ð П ΪȢΪίȟ ÆÏÌÌÏ×ÅÄ ÂÙ Á Ô-test, for at least three 
biological test replicates.  4ÈÅ ÓÔÁÒ Ȱɛȱ ÒÅÐÒÅÓÅÎÔÓ ÓÉÇÎÉÆÉÃÁÎÃÅ ÁÎÄ %ÒÒÏÒ ÂÁÒÓ ÒÅÐÒÅÓÅÎÔ 

the standard deviation of at least 3 biological replicates. 
 
Analysis of Siderophore Production by Isolated Fungi  
Siderophores are organic molecules produced by microbes, and they have a high affinity 
for ferric iron, making them accessible to plants .In this manner, 9 of the isolates with 
catecholate, and 6 of the isolates have hydroxymate natures. Color change (orange zone) 
on CAS agar plates was used to detect siderophore production. The fungal isolates were 
tested for siderophore production. Our results revealed that the tested fungi were able 
to produce siderophore. Penicillium sp  and Paecilomyces liliacinus showed the highest 
ability to produce siderophore by 100% (Figure4). Fusarium nivale (10%) and Fusarium 
dimerum (16%) showed the lowest abilities a total of 13 isolates from a total of 37 isolates 
showed a positive effect of siderophore production. This result indicates that the fungal 
isolates may promote plant growth by enhancing siderophore production and iron 
availability.  
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Figure4. Quantification analysis for siderophore production. Bar graph showing the 
size of the siderophore zone produced by the different fungi. Data were compared 

using one-×ÁÙ !./6! ÁÔ Ð П ΪȢΪίȟ ÆÏÌÌÏ×ÅÄ ÂÙ Á Ô-test, for at least three biological test 
replicatesȢ 3ÔÁÒ Ȱɛȱ ÒÅÐÒÅÓÅÎÔÓ ÓÉÇÎÉÆÉÃÁÎÃÅȟ ÁÎÄ %ÒÒÏÒ ÂÁÒÓ ÒÅÐÒÅÓÅÎÔ ÔÈÅ ÓÔÁÎÄÁÒÄ 

deviation of at least 3 biological replicates. 
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Quantification of Indole Acetic Acid  
The IAA auxin stimulates the overproduction of root hairs and regulates plant growth, 
cell division, and elongation, and responses to abiotic stresses such as light and biotic 
stress like phytopathogens. IAA also stimulates the release of saccharides which attracts 
the plant-associated beneficial microbes .All isolated fungi were tested for their IAA 
production. The presence of IAA was detected by measuring pink to red color 
development due to the Indole-Salkowski reagent reaction. Our results revealed that the 
tested fungi were able to produce IAA. Aspergillus niger and penicillium oxalicum by 40% 
showed the highest ability to produce IAA, A. flavus had the lowest capabilities 
(Figure5), and 10 fungal isolates from a total of 37 isolates have a positive effect of IAA. 
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Figure5. The concentration of IAA produced by the tested fungal strains. Bar graph 
representing the IAA concentrations produced by the different fungal strains. Data 
were compared using one-×ÁÙ !./6! ÁÔ Ð П ΪȢΪίȟ ÆÏÌÌÏ×ÅÄ ÂÙ Á Ô-test, for at least 

three biological test replicatesȢ 3ÔÁÒ Ȱɛȱ ÒÅÐÒÅÓÅÎÔÓ ÓÉÇÎÉÆÉÃÁÎÃÅȟ ÁÎÄ %ÒÒÏÒ ÂÁÒÓ 
represent the standard deviation of at least 3 biological replicates. 

 
 
DISCUSSION 
 
Nowadays the biggest challenge is to satisfy the rising demand for crop protection and 
crop yield without harming the natural ecosystem. Plant growth-promoting microbes 
have become an eco-friendly way to improve crop yield by enhancing seed germination, 
shoot and root growth, etc., either directly or indirectly. The plant rhizosphere  
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constitutes a valuable source of beneficial microorganisms that play important roles in 
shoot and root growth enhancement. Plant-growth-promoting fungi (PGPF) dwell in the 
rhizosphere soil of various crop plants. PGPFs constitute diverse genera of non-
pathogenic fungi that provide a variety of benefits to host plants and show an effective 
role in sustainable agriculture. They increase crop yield by improving germination, 
seedling vigor, plant growth, root morphogenesis, and photosynthesis [29].In expansion, 
PGPFs are one of the successful and ecologically friendly investigated derivatives to 
inhibit or eradicate plant diseases [30]. 
Microbes play a central role in soil health by facilitating organic matter decomposition, 
nutrient cycling, and maintaining high microbial diversity, which is essential for 
sustainable agriculture and ecosystem services. PGPMs contribute to soil aggregation, 
enhancing its structure, aeration, and water retention, while also supporting root growth 
for better nutrient and water uptake[31]. Moreover, they increase phosphorus 
availability in the soil by solubilizing inorganic phosphorus, a critical nutrient for pl ant 
growth. They also enhance microbial resilience under harsh conditions, such as those 
found in the Negev desert, where mineral fertilization with high pH and low fertility 
soils benefits from microbial inoculation.  
Inoculating soils with beneficial microorganisms like Trichoderma sp. has been shown 
to accelerate organic matter decomposition and improve soil microbiome composition. 
They also influence soil's physical and chemical properties by enhancing nutrient 
availability and facilitating soil aggregation through microbial production of 
extracellular polysaccharides. This improves soil's ability to retain moisture, reduces 
erosion, and stabilizes bulk density.  
The success of PGPF in the field is influenced by various environmental factors, 
including temperature, humidity, soil pH, moisture content, and nutrient availability. 
These factors can affect the growth and activity of PGPF, with certain strains performing 
better in specific conditions like dry or humid environments. Extreme conditions, such 
as droughts or floods, can also reduce the effectiveness of PGPF, making it important to 
select strains suited to local environmental conditions. 
PGPFs directly and indirectly influence both growth and productivity of a wide range of 
host plants with one study estimating that approximately 44% of rhizosphere fungal 
isolates are PGPF.  
The main intention of the present investigation has been to study the potential of 
Egyptian soil fungi in the Port Said governorate as plant growth-promoting agents under 
laboratory conditions. To fulfill this, soil mycobiota were surveyed and the more 
important species were determined to select the most suitable candidates for testing 
their potentiality as plant growth -promoting means.  
In this study, the fungi were isolated from the rhizosphere and rhizoplane of 
economically cultivated plants, including; Vicia faba and Zea mays, and two plants to 
represent wild halophytes' habitat; Arthrocaulon macrostachum and  
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Mesembryanthemum nodiflorum. Vicia faba plant is believed to enhance soil fertility 
through its symbiotic potential. Previously demonstrated higher soil microbial activity 
and functionality in the rhizospheres of Vicia faba. Maize is one of the important cereal 
crops in the world. It has many nutritional properties and is used as food as a staple 
food. 29 isolated fungi from roots, stems, and leaves of maize and identified many 
cultures of Aspergillus sp. and Penicillium sp. that enhance soil fertility. Moreover, 
[32showed fungal isolates from the rhizosphere and rhizoplane of maize had a 
consistently positive effect on seed viability and vigor of the plant. 
Fungi were isolated from the rhizosphere and rhizoplane of Arthrocaulon 
macrostachum; Mesembryanthemum nodiflorum as wild halophytic plants to explain if 
abiotic stress induces plant growth promotion or not. Halophytes gained importance for 
their accumulation ability leading toward the development of phytoremediation 
techniques when manipulated through anthropogenic activities.  
Accordingly, the variety of halophytic plants are believed to be promising 
microorganisms associated with such plants helping in ameliorating stress through 
various mechanisms, and have a potential candidate for an eco-friendly biofertilizer 
formula to imp rove the cultivation and yield of any crop [33]. 
The study revealed that isolation of fungi from halophytes rhizosphere is better achieved 
by using half-strength Nacl which was a much more effective medium than 13% in 
Czypek yeast agar.   
During this part of the study, a total number of 37 fungal species have been recorded 
from the rhizosphere of cultivated and wild plants. Given species richness, the number 
of species revealed by each genus. The genus Penicillium was the richest by showing a 
spectrum of 12 species and comes next by the genera Aspergillus and Fusarium revealing 
five species each. The remaining taxa were represented only by two or one species 
represented by Actinomucor, Gerlachia, Paecilomyces, Curvularia, Cladosporium, and 
yeast. The previous results are in agreement with those of Egypt and other nations 
worldwide [34,35,36] in the most predominant fungal genera. On the contrary, these 
results are not consistent with [37] who demonstrated that Aspergillus spp. were the 
most prevailing isolates from both the rhizosphere and rhizoplane of Abelmoschus 
esculentus; while [38] revealed that the majority of the organisms obtained from maize 
rhizosphere have belonged to genera Trichoderma, Penicillium, Pythium, and Fusarium 
respectively that have previously reported as PGPF. The rhizosphere of cultivated plants 
tends to hold rich taxa regardless of the apparent difference between the selected plants. 
Zea mays rhizosphere revealed 14 species, while Vicia faba showed only nine taxa. The 
rhizosphere of cultivated plants tends to hold rich taxa regardless of the apparent 
difference between the selected plants. [39] confirmed that Soil fungi and bacteria 
respond differently to plant diversity and plant family composition.  
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As for halophytic plants, four fungal species were associated with the rhizosphere of 
Arthrocaulon macrostachum, and three species were recorded in the rhizosphere of  
Mesembryanthemum nodiflorum.  
Again as for rhizoplane for halophytic plants, rhizoplane of Arthrocaulon macrostachum 
demonstrated three species; while Mesembryanthemum nodiflorum reported only two 
species. It has been observed that, in contrast to the rhizosphere, there are consistently 
far fewer species isolated from the rhizoplane of both cultivated and wild plants. [40] 
isolated a greater number of fungi from the rhizosphere than the rhizoplane of Zea mays 
and Sorghum bicolor[41] investigated the diversity and differences in the community 
structures of fungi in the rhizosphere of 12 halophytic plant species. The dominant 
fungal groups were found to be Ascomycota and Basidiomycota, and the dominant genus 
was Fusarium.  
Furthermore, they concluded that the abundance of fungi of all genera in the 
rhizosphere soil samples was found to be strongly correlated with environmental 
physicochemical factors. 
In the two studies of microhabitats (wild and cultivated), there was a noticeable 
difference in the order of species dominance. Fusarium sp. and Alternaria  sp. are the 
most prevalent in the rhizoplanes, while Penicillium sp. and Aspergillus sp. are the most 
prevalent in the rhizosphere. The low number of reported fungal taxa of cultivated 
plants from the rhizoplane part of the soil was due to successive washing of the roots, 
and higher nutrient availability in the rhizosphere than in rhizopla ne. 
This investigation is for the characterization of the plant growth-promoting traits of 
isolated fungi such as  siderophore, phytohormones, phosphate solubilization, and 
volatile compounds production) to evaluate the efficacy of PGPF in promoting the 
growth and productivity  
Siderophore production can be beneficial to plants by solubilizing non-soluble forms of 
iron, making it available to be utilized by the plant, and stopping the growth of 
pathogenic fungi by depriving them of iron sources. In this study, a total of 13 isolates 
from a total of 37 isolates showed a positive effect of siderophore production (three 
isolates from wild plants and 10 from cultivated plants).  
The qualitative test of siderophore showed that 9 siderophores of the catecholate class 
and 4 of the hydroxymate type. Quantitatively; the results of siderophore using CAS 
medium revealed that show that Paecilomyces lilacinus isolated from the rhizosphere of 
Zea mays and Penicillium sp. 2 isolated from the rhizosphere of Vicia faba, showed the 
highest halozone 1.37, and 1.23 cm respectively. In contrast to these results, [42,43]proved 
that Aspergillus niger isolated from the rhizosphere from Spinacia oleracea produced the 
maximum siderophore production than Paecilomyces lilacinus. In another study by [44] 
Penicillium sp . produced the maximum siderophore production. 
Fusarium nivale and Fusarium dimerum isolated from the rhizosphere of Zea mays 
showed the minimum siderophore activity of 0.1 and 0.33 cm of halozone respectively.  
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Moreover, it should be noted that the above-mentioned siderophores did not observe 
obvious cytotoxicity [45]. 
Hormone production by PGPF is another mechanism to enhance plant growth. One of 
the important hormones is IAA. The IAA stimulates the overproduction of root hairs 
and regulates plant growth, cell division and elongation, and responses to abiotic 
stresses such as light and biotic stress like the phytopathogens. IAA also stimulates the 
release of polysaccharides which attract the plant-associated beneficial microbes [46]. 
Our results of IAA production indicated that most of the tested fungal isolates produce 
IAA in media supplemented with DL-tryptophan. 10 fungal isolates from a total of 37 
isolates have the positive effect of IAA (three from wild and seven from cultivated 
plants). The highest IAA production was detected in A. niger isolated from the 
rhizosphere of Zea mays ɉΪȢβά ʏÇ ÍÌ-1), followed by P. oxalicum ɉΪȢαβ ʏÇ ÍÌ-1) isolated 
from the rhizosphere of Zea mays. This observation agrees with [46] who found A.niger 
records maximum IAA.  
Furthermore, Pencilllium oxalicum has not previously been recorded as an IAA producer. 
While Aspergillus flavus isolated from the rhizosphere of Zea mays, Mesembryanthemum 
nodiflorum and rhizoplane of Arthrocaulon macrostachum showed the lowest IAA 
production, this disagrees with [47] which found higher production of IAA produced by 
A .flavus.  
Solubilization of minerals is a third mechanism adopted by PGPF to increase plant 
growth via increased availability of some insoluble minerals [48]This study revealed 15 
fungal isolates (62.5%) from a total of 37 isolates produce phosphate solubilization (three 
from wild plants and twelve from cultivated plants).  
The highest phosphate solubilization was produced by Penicillium sp. isolated from the 
rhizosphere of Arthrocaulon macrostachum with solubilization index (SI) =2, this is 
compatible with [49] who found that  Penicillium sp. had the highest phosphate 
solubilization and with [48] in the fact that Penicillium sp. isolated from stem, leaf, and 
rhizoplane of maize with the highest phosphate solubization production. According to 
our results, P. jensenii isolated from the rhizosphere of Mesembryanthemum nodiflorum 
and rhizoplane of Arthrocaulon macrostachum, followed by A. niger isolated from the 
rhizosphere of Zea mays produced high amount of phosphate solubilization, this agrees 
with [50] who showed that Aspergillus niger isolated from the rhizosphere of Vicia faba 
plants produced highly production of phosphate solubilization. Penicillium jensenii 
isolated from the rhizoplane of Vicia faba had the lowest phosphate solubilization 
production.  
Volatile organic compounds are produced by some PGPF [51,52]. These volatile 
compounds act as airborne communication signals between plants and their mycobiome 
with several benefits to plant health, such as growth promotion inducing plant 
resistance [53,54], and tolerance [55]. Statistical studies showed that P. oxalicum has a 
significant difference in growth parameters measured in this study and affected root  
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hairs compared to control and other fungal isolates, followed by Fusarium sp. isolated 
from rhizoplane of Zea mays and Fusarium oxyporium 1 isolated from the rhizosphere of 
Zea mays showed a higher effect on root length, shoot, number of leaves [56], showed 
that  VOCs emitted by Trichoderma pseudokoningii produced the greatest  Arabidopsis 
growth promotion. VOCs of F. oxyporium highly affected the seedlings of Lettuce sp. 
Furthermore; (57) investigated F.oxyporium differentially affected growth of A.thaliana. 
Alternia alternate isolated from the rhizoplane of Zea mays, and A. niger isolated from 
the rhizosphere of Zea mays showed the minimum production of VOCs. However, 
Fusarium sp. is an apathogenic fungus that promotes A. thaliana growth because we use 
the indirect effect of fungal isolate(VOCs), not the direct one. 
The halotolerant fungus Penicillium olsoni isolated from the rhizosphere of the 
halophyte plant Aeluropus littoralis could stimulate tobacco plant growth under salt 
tolerance in agreement with this study, and coincided with [58] who found Penicillium 
melinii , and Alternaria tenuissima isolated from the rhizosphere of the halophyte grass  
Aeluropus littoralis improved vigor of tobacco seedlings. [59,60]proved that Fusarium 
oxysporum from leaves of Withania sominfera produced IAA that promotes the growth 
of maize roots. 
Our results proved for the first time that PGPF isolated from cultivated and halophytic 
plants can produce VOCs, and IAA that help in improving vigor, germination of plants, 
siderophore, and phosphate solubilization which help in increasing phosphorus and 
micronutrients in soil in Port Said governorate.   
Generally, the best PGPF candidate isolates from the Port Said governorate were 
Penicillium oxalicum, Aspergillus niger, Fusarium oxysporium, and Paecilomyces 
liliacinus  isolated from Zea mays because these present different mechanisms of plant 
growth promotion, so they can be applied as biological fertilizer instead of harmful 
chemical fertilizers. 
 
 
CONCLUSION 
 
The plant-associated growth-promoting fungi show excellent potential for wider use in 
sustainable agriculture as they improve plant growth and yield in an eco-friendly and 
cost-effective manner. Several bioactive fungi isolates were recovered from the Port Said 
governorate. Physiological characterization showed that most of the isolates had high 
phosphate solubilization activity, phytohormones such as IAA, volatile compounds and 
siderophores production ability and can be applied as an environmentally friendly way 
of increasing crop production.. Collectively, our data suggested that the Penicillium 
oxalicum isolated from the rhizosphere regions of Zea mays in Port Said governorate 
could be a promising naturally occurring plant-growth-promoting fungus. P. oxalicum 
improved significantly the growth of Arabidopsis thaliana in vitro , when they were co- 
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cultivated without physical contact.  Arabidopsis thaliana was selected as a model plant 
due to its short life period, our Arabidopsisɀfungi cocultivation results showed 13 fungal 
isolates from a total of 37 isolates (two from wild plants and 11 from cultivated plants) 
produce VOCs. Penicillium oxalicum isolated from the rhizosphere of Zea mays highly 
affected the plant seedlings' root, shoot lengths, number of leaves, and weight compared 
with control. GC-MS was used to identify the volatile compounds emitted by P. 
oxalicum. GC-MS revealed that the volatile compounds emitted by P. oxalicum were 
Octadecatrienoic acid, 2,3bis[(trimethylsilyl)oxy] propyl ester, (z, z, z) and rhodopin 
that is known to have a plant growth promotion activity. It will be applied as a biological 
inducer. Aspergillus niger, Fusarium oxysporium, and Paecilomyces liliacinus also 
showed the highest production of previous traits so, they can although applied as a  
biological fertilizer. These PGPFs can applied separately or mixed to be utilized in the 
future to increase growth and enhance yield for other plants.  
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ABSTRACT 
 
The rise of Environmental, Social, and Governance (ESG) reporting has become central to 
corporate transparency and sustainability. However, alongside its adoption, the phenomenon of 
greenwashing has raised concerns regarding the authenticity of ESG disclosures. Greenwashing 
refers to the practice of overstating or misrepresenting environmental efforts to enhance a 
ÃÏÍÐÁÎÙȭÓ ÉÍÁÇÅ ×ÉÔÈÏÕÔ ÍÅÁÎÉÎÇÆÕÌ ÉÍÐÁÃÔȢ 4ÈÉÓ ÁÒÔÉÃÌÅ ÅØÁÍÉÎÅÓ ÔÈÅ ÄÙÎÁÍÉÃÓ ÂÅÔ×ÅÅÎ %3' 
reporting and greenwashing, focusing on drivers such as regulatory pressures, stakeholder 
expectations, and industry competition. Drawing from recent research, we analyze how companies 
may selectively disclose favorable information, employ vague terminology, or emphasize minor 
environmental initiatives to gain reputational benefits. Case studies from different industries 
highlight common greenwashing tactics and underscore the role of sector-specific challenges. 
Technological tools like machine learning and blockchain offer promising solutions for enhancing 
transparency and accountability in ESG reporting, though implementation remains limited. 
Finally, we discuss regulatory responses, including stricter disclosure standards and independent 
verification requirements, which aim to address greenwashing. This paper contributes to the 
growing discourse on corporate sustainability by proposing actionable strategies to improve the 
reliability of ESG reports and by calling for increased stakeholder engagement and standardized 
metrics to mitigate the risks of greenwashing. 
 
Keywords : ESG reporting, Greenwashing, Corporate transparency, Sustainability, Environmental 
disclosure 
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INTRODUCTION  
 
The rise of Environmental, Social, and Governance (ESG) reporting reflects a growing 
global commitment to corporate sustainability and transparency. As environmental 
concerns become central to public and corporate agendas, ESG reporting provides a 
structur ed means for organizations to disclose their social, environmental, and 
governance impacts, aligning their practices with evolving societal expectations 
(Kandpal & Jaswal, 2024; Koskelainen, 2024).  
Through ESG disclosures, companies demonstrate accountability, responding to the 
increasing demands of consumers, investors, and regulators who require companies to 
address sustainability in meaningful, measurable ways (Ma et al., 2024; Ben Mahjoub, 
2024).  
Furthermore, new regulatory standards, particularly in the European Union, are pushing 
organizations to improve both the accuracy and scope of their ESG data, underscoring 
the importance of standardized frameworks to promote consistency and fairness in 
reporting (Breuer et al., 2024; Noori & Athota, 2024). 
Despite these advancements, the rapid adoption of ESG reporting has highlighted 
several challenges, chief among them the issue of greenwashingɂthe practice of 
conveying misleading or exaggerated claims about a company's environmental 
performance.  
As firms increasingly aim to attract eco-conscious consumers and investors, some have 
employed greenwashing tactics to inflate or obscure actual sustainability achievements, 
undermining the credibility of ESG data and eroding stakeholder trust (Jamil & 
Wahyuni, 2023; Wagner, 2023).  
The lack of unified standards for ESG reporting further exacerbates this issue, leading to 
inconsistencies that allow companies to selectively disclose data in ways that cast their 
sustainability practices in a favorable light, while potentially downplaying significant 
environmental impacts (Attig et al., 2024; Ahmad & Siew, 2024).  
Such variability can mislead stakeholders and expose companies to reputational and 
legal risks as public scrutiny and regulatory frameworks tighten (Rane et al., 2024; Liu, 
2024). 
The purpose of this research is to explore the delicate balance between transparency and 
greenwashing within ESG reporting. By investigating common indicators of 
greenwashing and identifying key strategies to enhance transparency and 
accountability, this r esearch seeks to offer practical recommendations to mitigate these 
risks.  
Addressing greenwashing is essential not only for safeguarding the integrity of ESG data 
but also for enabling investors, consumers, and policymakers to make informed 
decisions about supporting sustainable businesses (Schwoy et al., 2024; Songur, 2024). 
A robust ESG framework, grounded in rigorous standards and verifiable disclosures, is  
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critical for fostering genuine corporate accountability and for building a sustainable 
future where corporate practices align with public values and environmental 
stewardship (Wagner, 2023). 
 
 
LITERATURE REVIEW 
 
Environmental, Social, and Governance (ESG) reporting represents a comprehensive 
framework through which companies disclose their impact on sustainability-related 
factors. ESG reporting has three main components: environmental (e.g., carbon 
footprint), soc ial (e.g., labor practices), and governance (e.g., corporate ethics) (Wagner, 
2023). These components are designed to enhance corporate accountability and 
transparency, enabling investors, consumers, and other stakeholders to make more 
informed decisions about the sustainability practices of organizations (Dao & Chu, 
2024). 
Greenwashing, however, poses a significant challenge to the integrity of ESG reporting. 
Defined as the practice of misleading stakeholders by exaggerating or falsely claiming 
sustainable practices, greenwashing undermines the credibility of ESG initiatives 
(Ritchie & Simmons, 2024; Hofstetter, 2024). For example, companies might promote 
environmentally friendly initiatives while concealing harmful practices or only report 
selective ESG data that portrays them in a favorable light. Greenwashing techniques can 
range from the selective use of data to outright falsification, and these practices 
ultimately erode public trust in corporate sustainability claims (Hassani & Bahini, 2024). 
 
Historical development of ESG reporting  
ESG reporting has evolved significantly over the past two decades, with several 
frameworks emerging to provide standardized guidelines. The Global Reporting 
Initiative (GRI), established in 1997, was among the first to introduce comprehensive 
guidelines for sustainability reporting (Parfitt, 2024). Following this, the Sustainability 
Accounting Standards Board (SASB) was founded to address sector-specific material 
sustainability issues, promoting comparability across industries (Prendin, 2024). The 
Task Force on Climate-related Financial Disclosures (TCFD) later expanded the focus of 
ESG to include climate risk and its financial implications, which has been increasingly 
ÒÅÌÅÖÁÎÔ ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÇÌÏÂÁÌ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ɉ4ÁĥËąÎ Ǫ 9ąÌÍÁÚȟ άΪάήɊȢ 
These frameworks have aimed to create uniformity and transparency in corporate 
sustainability disclosures, yet they also differ in terms of scope, approach, and metrics, 
creating complexities for companies that must navigate varying requirements (Sica, 
2024). The multiplicity of standards has, in some cases, facilitated greenwashing by 
allowing firms to selectively report on aspects that present them in a positive light while 
omitting less favorable practices (Ingley, 2024). 
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 Regulatory and market pressures  
The regulatory environment around ESG reporting is intensifying, with initiatives such 
ÁÓ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ #ÏÒÐÏÒÁÔÅ 3ÕÓÔÁÉÎÁÂÉÌÉÔÙ 2ÅÐÏÒÔÉÎÇ $ÉÒÅÃÔÉÖÅ ɉ#32$Ɋ ÓÅÔÔÉÎÇ 
strict standards for transparency. The CSRD, effective from 2024, mandates c 
 
omprehensive sustainability disclosures from large corporations, aiming to eliminate 
greenwashing and foster accountability in ESG reporting (Kirchhoff et al., 2024). This 
ÄÉÒÅÃÔÉÖÅ ÂÕÉÌÄÓ ÕÐÏÎ ÔÈÅ %5ȭÓ 'ÒÅÅÎ $ÅÁÌȟ ×ÈÉÃÈ ÈÁÓ ÃÁÔÁÌÙÚÅÄ ÁÎ Ȱ%3' ÂÏÏÍȱ ÉÎ 
corporate Europe, pushing companies to meet higher standards in sustainability 
reporting (Chen & Ma, 2024). 
Market forces also play a critical role in shaping ESG practices. As investor demand for 
sustainable investments grows, companies face pressure to demonstrate ESG 
compliance to maintain competitiveness (Kershaw, 2024). However, market pressures 
can sometimes lead to superficial ESG practices, as firms prioritize reporting for financial 
gain rather than genuine impact. In response, regulatory bodies in the UK, EU, and other 
regions are intensifying scrutiny of ESG claims, implementing anti-greenwashing 
measures to maintain investor confidence (Dao & Chu, 2024; Kershaw, 2024). 
 
Previous studies on greenwashing  
Numerous studies have identified common greenwashing techniques in corporate ESG 
reports. For instance, selective disclosureɂreporting only favorable ESG metricsɂhas 
ÂÅÅÎ ÈÉÇÈÌÉÇÈÔÅÄ ÁÓ Á ÐÒÅÖÁÌÅÎÔ ÇÒÅÅÎ×ÁÓÈÉÎÇ ÔÁÃÔÉÃ ÔÈÁÔ ÃÁÎ ÏÂÓÃÕÒÅ Á ÃÏÍÐÁÎÙȭÓ ÔÒÕÅ 
environmental and social impacts (Hofstetter, 2024; Sica, 2024). Another common 
strategy involves the use of vague or ambiguous language, which allows companies to 
appear compliant without measurable commitments or concrete actions (Ravi et al., 
2024). Studies have also documented the impact of greenwashing on public trust. 
Greenwashing not only deceives consumers and investors but can also harm the 
reputation of the entire sustainability movement by casting doubt on the authenticity 
of corporate ESG initiatives (Ritchie & Simmons, 2024).  
For instance, Parfitt (2024) found that incidents of greenwashing negatively affect 
investor confidence, leading to heightened skepticism toward all ESG reports, not just 
those from offending companies. This erosion of trust emphasizes the need for stronger 
regulatory oversight and the adoption of transparent, verifiable ESG standards (Wagner, 
2023). 
 
 
METHODOLOGY  
 
This study utilized a mixed-methods approach, combining qualitative content analysis, 
secondary data analysis, and case study examination. The aim was to assess the extent  
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ÏÆ ÇÒÅÅÎ×ÁÓÈÉÎÇ ×ÉÔÈÉÎ ÔÈÅ %3' ÐÒÁÃÔÉÃÅÓ ÏÆ ÓÉØ ÍÁÊÏÒ ÃÏÍÐÁÎÉÅÓȡ (Ǫ-ȟ -Ã$ÏÎÁÌÄȭÓȟ 
Nike, Unilever, Coca-Cola, and Nespresso. By analyzing corporate ESG reports, third-
ÐÁÒÔÙ %3' ÒÁÔÉÎÇÓȟ ÁÎÄ ÔÈÅ ÃÏÍÐÁÎÉÅÓȭ ÐÕÂÌÉÃ ÃÏÍÍÕÎÉÃÁÔÉÏÎÓȟ ×Å ÅØÐÌÏÒÅÄ ×ÈÅÔÈÅÒ 
their reported sustainability efforts align with independent evaluations. 

- Qualitative content analysis: A qualitative content analysis was conducted on the 
ESG and sustainability reports published by the companies between 2020 and 
2024. This allowed for an examination of the language, themes, and metrics used 
by each company to present their sustainability initiatives, identifying any 
potential indicators of greenwashingɂmisleading claims about their 
environmental or social performance. 

- Secondary data analysis: We conducted a secondary data analysis of ESG rating 
outcomes from third -party agencies such as MSCI, Sustainalytics, and CDP. This 
analysis compared the companies' self-reported ESG performance with their 
ratings from independent evaluators. This step helped uncover discrepancies that 
might suggest greenwashing behaviors. 

- Case study examination: We also performed a case study analysis of the six 
companies to illustrate specific examples of corporate behavior related to their 
sustainability claims. These case studies focused on how each company 
positioned itself in terms of ESG goals, achievements, and controversies related 
to greenwashing. 
 
 

DATA COLLECTION  
 
The data for this study was collected from the following sources: 

- Corporate websites: Data was gathered from the official websites of H&M, 
-Ã$ÏÎÁÌÄȭÓȟ .ÉËÅȟ 5ÎÉÌÅÖÅÒȟ #ÏÃÁ-Cola, and Nespresso. We reviewed 
sustainability sections, corporate responsibility statements, press releases, and 
any public updates on ESG initiatives. Particular attention was given to the clarity 
ÁÎÄ ÃÏÎÓÉÓÔÅÎÃÙ ÏÆ ÔÈÅ ÃÏÍÐÁÎÉÅÓȭ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÃÌÁÉÍÓȢ 

- ESG and sustainability reports (2020-2024): We examined the ESG or 
sustainability reports published by each company between 2020 and 2024. These 
ÒÅÐÏÒÔÓ ÐÒÏÖÉÄÅÄ ÄÅÔÁÉÌÅÄ ÉÎÓÉÇÈÔÓ ÉÎÔÏ ÔÈÅ ÃÏÍÐÁÎÉÅÓȭ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÁÎÄ ÓÏÃÉÁÌ 
impact, strategies, goals, and achievements. They were crucial for assessing the 
accuracy and transparency of their ESG claims. 

- MSCI ESG ratings: We analyzed the MSCI ESG ratings for each company to 
evaluate their performance in various sustainability categories. The MSCI data 
provided an independent assessment, which was compared against the  
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ÃÏÍÐÁÎÉÅÓȭ ÓÅÌÆ-reported ESG activities to identify discrepancies that could 
suggest greenwashing. 

- Third -Party evaluations: We also considered evaluations from agencies such as 
Sustainalytics and CDP. These evaluations helped to contextualize the   
companies' ESG claims in the broader industry landscape and highlighted any 
gaps or inconsistencies in their sustainability practices. 
 
 

DATA ANALYSIS 
 
The data was analyzed using the following approaches: 

- Content analysis: A qualitative content analysis was performed on the companies' 
ESG and sustainability reports. We coded the reports for specific themes, phrases, 
and claims related to environmental and social efforts. We focused on identifying 
vague or ambiguous language, unsubstantiated claims, and instances where 
companies failed to meet previously stated targets, which could be indicative of 
greenwashing. 

- Thematic coding: In addition to content analysis, thematic coding was applied to 
uncover recurring themes in the sustainability narratives of the companies. We 
looked for patterns in how each company framed its ESG efforts, whether those 
claims were substantiated, and whether they aligned with industry standards or 
were overly optimistic. 

- Comparative analysis: A comparative analysis was conducted between the self-
reported ESG data from the companies and their ratings from third-party 
agencies like MSCI, Sustainalytics, and CDP. This analysis highlighted any 
significant gaps between corporate claims and third-party evaluations, which 
could indicate potential greenwashing behavior. 

- Case study analysis: Case studies were developed for each company to explore 
their ESG strategies in-depth. These case studies focused on identifying specific 
instances where the companies faced scrutiny or criticisms related to their 
sustainability claims, helping to contextualize whether any of their reports might 
be misleading or exaggerated. 

The combined analysis of the content, third-party evaluations, and case studies allowed 
for a comprehensive assessment of the companies' ESG practices. The findings provided 
valuable insights into the prevalence of greenwashing and the factors that may 
contribute to companies overstating their environmental or social achievements. 
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RESULTS - ANALYSIS OF GREENWASHING IN ESG REPORTING 
 
This chapter presents the findings from the analysis of the ESG reports, sustainability 
claims, and third-party evaluations for McDonald's, Nike, Unilever, Coca-Cola, 
Nespresso, and H&M. The primary focus of this chapter is to highlight the annual  
 
progress, sustainability goals, and potential greenwashing elements identified within the 
companies' reported ESG activities between 2020 and 2024. Through careful 
examination, this chapter aims to provide a clearer picture of how each company 
positions itself in terms of environmental and social responsibility, and whether these 
claims align with their actual performance and industry standards. 
 
 
ANNUAL PROGRESS AND SUSTAINABILITY GOALS 
 
The analysis of the sustainability reports revealed that all six companies have made 
progress in key areas of ESG, with specific emphasis on climate action, sustainable 
packaging, and renewable energy. However, the extent of progress varied, with some 
companies showcasing more concrete achievements, while others focused heavily on 
long-term goals without clear interim steps. 
McDonald's has committed to significant changes in its operations, particularly around 
emissions reductions and sustainability in sourcing. The company has set ambitious 
goals, including achieving net-zero emissions by 2050 and ensuring 100% of its eggs are 
cage-free. However, McDonald's sustainability reports revealed a reliance on long-term 
goals without clear interim targets, which could be interpreted as a lack of measurable 
progress in the short term. Similarly, the claim of "sustainable packaging materials" was 
found to lack lifecycle transparency, making it difficult to assess the real impact of these 
changes. 
Nike demonstrated a clear commitment to reducing its carbon footprint and increasing 
its use of recycled materials. The company has set strong goals, such as achieving 100% 
waste reduction in production and sourcing 100% renewable energy by 2025. However, 
while these goals are ambitious, the potential greenwashing risk lies in the scope of these 
initiatives. Nike's claim of "increased use of recycled materials" could be overstated if 
not applied across its entire product range. Additionally, its renewable energy goals 
might exclude its supply chain, which accounts for a large portion of the company's 
emissions. 
Unilever showcased a strong commitment to reducing its environmental impact, 
including efforts to enhance the recyclability of its packaging and promote sustainable 
sourcing practices. The company set clear goals such as achieving net-zero emissions by 
203Ϊ ÁÎÄ ÍÁËÉÎÇ ÁÌÌ ÐÁÃËÁÇÉÎÇ ÒÅÃÙÃÌÁÂÌÅ ÂÙ άΪάίȢ (Ï×ÅÖÅÒȟ ÓÏÍÅ ÏÆ 5ÎÉÌÅÖÅÒȭÓ ÃÌÁÉÍÓȟ  
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particularly regarding plastic recycling and sustainable sourcing, lacked specific 
definitions and metrics, which made it difficult to gauge the actual effectiveness of these 
efforts. Without clear benchmarks or sector-wide applications, these claims could be 
viewed as superficial. 
Coca-Cola made strides in water usage optimization and packaging recycling, 
committing to regenerative water use by 2030 and increasing the recycled content in its 
packaging. Despite these goals, Coca-Cola faces criticism over the actual recycling rates 
and infrastructure to support these initiatives. The company's focus on water usage and 
recycling, while important, might not be sufficient to meet the ambitious goals it has 
set, given the low rates of actual recycling observed within its operations. 
Nespresso focused on reducing its carbon footprint, promoting regenerative agriculture, 
and improving capsule recycling. The company set ambitious goals such as achieving 
net-zero emissions by 2035 and making 95% of its coffee come from regenerative 
agricuÌÔÕÒÅȢ (Ï×ÅÖÅÒȟ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÆÏÒ ÇÒÅÅÎ×ÁÓÈÉÎÇ ÉÎ .ÅÓÐÒÅÓÓÏȭÓ ÃÁÓÅ ÌÉÅÓ ÉÎ ÔÈÅ ÌÁÃË 
of short-term measurable reductions and the slow pace of change.  
7ÈÉÌÅ ÔÈÅ ÃÏÍÐÁÎÙȭÓ ÇÏÁÌÓ ÁÐÐÅÁÒ ÅÎÖÉÒÏÎÍÅÎÔÁÌÌÙ ÐÏÓÉÔÉÖÅȟ ÔÈÅÙ ÄÏ ÎÏÔ ÐÒÏÖÉÄÅ Á ÃÌÅÁÒ 
pathway for immediate impact, potentially giving the appearance of progress without 
the necessary action. 
H&M has placed a strong emphasis on reducing CO2 emissions and increasing the use 
of recycled materials in its products. The company has set ambitious goals such as 
achieving net-zero emissions by 2040 and using 100% sustainable materials by 2030. 
Despite these ambitious targets, there are concerns that claims about "transparent 
supply chains" and increased use of recycled materials could be overly vague. If these 
practices are applied only to specific parts of the supply chain or minor product 
categories, ÔÈÅ ÃÏÍÐÁÎÙȭÓ ÃÌÁÉÍÓ ÃÏÕÌÄ ÁÐÐÅÁÒ ÓÅÌÅÃÔÉÖÅ ÁÎÄ ÍÉÓÌÅÁÄÉÎÇȢ 
 

Table 1:  Annual progress of the selected companies (source: self-edited) 

Company  Annual progress  Goals 

-Ã$ÏÎÁÌÄȭÓ 
Implementation of emission reductions, 
deforestation-free supply chains, animal 

welfare standards 

Net zero emissions by 2050, 
100% cage-free eggs, 

sustainable packaging 
materials 

Nike  
Reduction of greenhouse gas emissions, 

increased use of recycled materials, 
sustainable production 

100% waste reduction in 
production, 100% renewable 
energy by 2025, 50% female 

leadership 

Unilever  
Reduction of greenhouse gas emissions, 

increased plastic packaging 
recyclability, sustainable agriculture 

Net zero emissions by 2030, 
100% recyclable packaging, 

regenerative agriculture 
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Coca-Cola 
Optimization of water usage, PET 
packaging recycling, reduction of 

greenhouse gas emissions 

100% regenerative water use by 
2030, 50% recycled content in 

packaging, 25% refillable 
packaging 

Nespresso 
Reduction of carbon footprint, 

introduction of regenerative agriculture, 
capsule recycling 

Net zero emissions by 2035, 
95% regenerative agriculture 

coffee, increased capsule 
recycling 

H&M  
Reduction of CO2 emissions, increase in 

recycled materials, growth in 
sustainable packaging 

Net zero emissions by 2040, 
100% sustainable materials by 
2030, 25% reduction in plastic 

packaging 

 
 
FOCUS AREAS ACROSS COMPANIES 
 
All six companies focused on several key areas of ESG, with overlapping priorities that 
align with industry -wide sustainability concerns. 

- Climate action and GHG emission reduction: All companies examined in this 
study have made climate action a central pillar of their sustainability strategies. 
McDonald's, Nike, Unilever, Coca-Cola, Nespresso, and H&M all have specific 
goals related to reducing greenhouse gas emissions, with ambitious timelines 
ranging from 2030 to 2050. However, without clearly defined interim milestones, 
it is difficult to assess the short-term progress each company is making towards 
these targets. 

- Sustainable packaging and waste reduction: Coca-Cola, McDonald's, Unilever, 
Nespresso, and H&M have committed to using more sustainable packaging 
materials and reducing waste. These claims are significant, but the real impact of 
these initiatives remains uncertain. The absence of lifecycle transparency in some 
companies' reporting, as well as the lack of clear metrics for measuring the actual 
amount of recycled content used, raises concerns about the authenticity of their 
claims. 

- Renewable energy and circular economy: Nike, Coca-Cola, H&M, and Nespresso 
are all focused on renewable energy use, with Nike aiming for 100% renewable 
energy by 2025. Additionally, Nespresso and Unilever are working to incorporate 
circular economy principles in their operations. The circular economy model, 
which focuses on reducing waste and reusing resources, is particularly important 
for companies in the food and beverage industry, where packaging and water 
usage are major concerns. 
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- Water management and usage optimization: Coca-#ÏÌÁȟ -Ã$ÏÎÁÌÄȭÓȟ 5ÎÉÌÅÖÅÒȟ 
and Nespresso all emphasize water management in their sustainability strategies. 
While these goals are necessary in water-intensive industries, the impact of these 
initiatives depends on their implementation and the availability of appropriate 
infrastructure for water reuse and recycling. 

 
Table 2:  Focus areas of the selected companies (source: self-edited) 

Focus area Companies  

Climate action and GHG 
emission reduction  

-Ã$ÏÎÁÌÄȭÓȟ .ÉËÅȟ 5ÎÉÌÅÖÅÒȟ #ÏÃÁ-Cola, 
Nespresso, H&M 

Sustainable packaging and 
waste reduction  

-Ã$ÏÎÁÌÄȭÓȟ 5ÎÉÌÅÖÅÒȟ #ÏÃÁ-Cola, Nespresso, 
H&M  

Renewable energy  Nike, Coca-Cola, H&M, Nespresso 

Circular Economy  Nespresso, Unilever, Coca-Cola, H&M 

Water management and usage 
optimization  

Coca-#ÏÌÁȟ -Ã$ÏÎÁÌÄȭÓȟ 5ÎÉÌÅÖÅÒȟ .ÅÓÐÒÅÓÓÏ 

Diversity and equality  -Ã$ÏÎÁÌÄȭÓȟ .ÉËÅȟ 5ÎÉÌÅÖÅÒ 

Regenerative agriculture  Unilever, Coca-Cola, Nespresso 

Animal welfare  -Ã$ÏÎÁÌÄȭÓ 

Responsible sourcing  Unilever, Nespresso 

Community impact and social 
programs  

.ÉËÅȟ -Ã$ÏÎÁÌÄȭÓȟ .ÅÓÐÒÅÓÓÏȟ 5ÎÉÌÅÖÅÒ 

 
 
POTENTIAL GREENWASHING ELEMENTS 
 
Despite the positive strides made by these companies, several potential greenwashing 
elements were identified. These included vague claims, lack of transparency, and an 
emphasis on long-term goals without short -term accountability:  

- McDonald's faces greenwashing risks due to its long-term emissions goals and 
the lack of transparency in its packaging claims. 

- Nike's recycling and renewable energy targets may exclude critical parts of its 
supply chain, which could overstate the impact of its sustainability efforts. 

- Unilever's claims regarding plastic recycling and sustainable sourcing are at risk 
of being superficial without clearly defined metrics and industry-wide 
application. 

- Coca-Cola may be overstating the effectiveness of its water and packaging goals, 
given the challenges in infrastructure and low recycling rates. 
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- .ÅÓÐÒÅÓÓÏȭÓ ÅÍÐÈÁÓÉÓ ÏÎ ÃÁÒÂÏÎ ÎÅÕÔÒÁÌÉÔÙ ÁÎÄ ÒÅÇÅÎÅÒÁÔÉÖÅ ÁÇÒÉÃÕÌÔÕÒÅ ÍÁÙ 
appear to provide a green image without providing measurable short-term results 
or clear implementation strategies. 

- H&M's claims about transparency and recycled materials could be seen as 
selective if they only apply to certain product lines, raising concerns about the 
authenticity of their sustainability efforts.  
 

Table 3:  Potential greenwashing elements in the selected companies ESG reports 
(source: self-edited) 

Company  Potential greenwashing elements  

-Ã$ÏÎÁÌÄȭÓ 
Long-term goals such as 'Net zero emissions by 2050' without 

interim targets, 'Sustainable packaging materials' that may lack 
lifecycle transparency. 

Nike  
'Increased use of recycled materials' claims can be overstated if not 
applied across major product lines. Renewable energy targets may 

exclude the full supply chain. 

Unilever  
'Plastic recycling and sustainable sourcing' without specific 

definitions can seem superficial without clear metrics and sector-
wide application. 

Coca-Cola 
Focus on 'Water usage optimization' and 'Packaging recycling' 

might fall short due to low actual recycling rates and insufficient 
infrastructure.  

Nespresso 
Emphasis on 'Carbon neutrality and regenerative agriculture' 

without measurable short-term reductions may give a green image 
without immediate impact.  

H&M  
Phrases like 'Transparent supply chain' and 'Recycled materials 

increase' can seem vague or selective if applied to only parts of the 
supply chain or minor product categories. 

 
 
CASE STUDY: H&M AND CONSCIOUS COLLECTION 
 
4ÈÅ ÌÁÕÎÃÈ ÏÆ (Ǫ-ȭÓ ɛ#ÏÎÓÃÉÏÕÓ #ÏÌÌÅÃÔÉÏÎɛ ×ÁÓ ÐÏÓÉÔÉÏÎÅÄ ÁÓ Á ÍÏÖÅ ÔÏ×ÁÒÄ ÍÏÒÅ 
sustainable fashion, but questions about its true environmental impact have persisted.  
H&M promoted the collection as using eco-friendly materials such as organic cotton and 
recycled polyester (H&M Group, 2019), yet critics have questioned the authenticity of 
these claims. While the line has been marketed as a more sustainable alternative to fast 
ÆÁÓÈÉÏÎȟ ÍÁÎÙ ÁÒÇÕÅ ÔÈÁÔ ÔÈÅ ÕÓÅ ÏÆ ÖÁÇÕÅ ÔÅÒÍÓ ÌÉËÅ ȰÓÕÓÔÁÉÎÁÂÌÅȱ ×ÉÔÈÏÕÔ ÃÌÅÁÒ  
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definitions or sufficient transparency has contributed to greenwashing accusations 
(Cariki, 2020; Holyduck, 2020).  
Critics have also pointed out that the company did not disclose enough information 
ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÆÕÌÌ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÌÉÆÅÃÙÃÌÅ ÏÆ ÉÔÓ ÐÒÏÄÕÃÔÓȢ (Ǫ-ȭÓ ÓÅÌÅÃÔÉÖÅ ÄÉÓÃÌÏÓÕÒÅ 
practices further fueled accusations of greenwashing, as it emphasized sustainable 
materials while omitting important details such as the environmental impact of 
production processes and the treatment of workers (Abdelhalim, 2023). Moreover, the 
lack of reliable third -party certifications to back up its sustainability claims only  
deepened the skepticism surrounding the brand's environmental promises (Waqas & 
Tan, 2023). 
,ÅÇÁÌ ÁÎÄ ÐÕÂÌÉÃ ÃÒÉÔÉÃÉÓÍ ÏÆ (Ǫ-ȭÓ ÇÒÅÅÎ×ÁÓÈÉÎÇ ÐÒÁÃÔÉÃÅÓ ÃÏÎÔÉÎÕÅÄ ÔÏ ÍÏÕÎÔȟ ×ÉÔÈ 
several groups accusing the company of misleading consumers. For example, a report by 
Impakter (2024) highlighted concerns over how the company's rapid production model 
clashes with sustainability principles.  
$ÅÓÐÉÔÅ (Ǫ-ȭÓ ÃÏÎÔÉÎÕÅÄ ÅÆÆÏÒÔÓ ÔÏ ÐÒÏÍÏÔÅ ÅÃÏ-friendly fashion, the company's fast-
fashion business model inherently supports overconsumption and the high turnover of 
low-cost products, which is problematic for true sustainability (RetailWire, 2022). 
Furthermore, the real environmental impact of many products marketed as sustainable 
did not always live up to expectations, prompting further criticism from sustainability 
experts (Jin & Lei, 2023). H&M has faced legal actions as a result, including a warning in 
the UK to more clearly and accurately communicate its sustainability claims to avoid 
misleading consumers (Sustainable Fashion Forum, 2024). 
In response to these criticisms, H&M has taken steps to improve its sustainability 
practices, such as increasing the use of sustainable materials like organic cotton and 
recycled polyester (Abdelhalim, 2023).  
The company has also worked toward improving transparency in its ESG reporting, 
although some argue that these efforts remain insufficient (Waqas & Tan, 2023). 
.ÅÖÅÒÔÈÅÌÅÓÓȟ ÔÈÅ ÃÏÍÐÁÎÙȭÓ ÏÎÇÏÉÎÇ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÉÎÉÔÉÁÔÉÖÅÓ ÓÕÇÇÅÓÔ ÔÈÁÔ ÉÔ ÉÓ ÓÔÒÉÖÉÎÇ 
to make meaningful progress, even though the legacy of greenwashing accusations 
continues to overshadow its efforts (Jin & Lei, 2023). 
While H&M has made efforts to improve transparency and sustainability practices, 
ÃÒÉÔÉÃÓ ÁÒÇÕÅ ÔÈÁÔ ÔÈÅ ÂÒÁÎÄȭÓ ÆÁÓÔ ÆÁÓÈÉÏÎ ÍÏÄÅÌȟ ×ÈÉÃÈ ÐÒÏÍÏÔÅÓ ÒÁÐÉÄ ÐÒÏÄÕÃÔÉÏÎ ÁÎÄ 
consumption, is inherently incompatible with true sustainability (Jin & Lei, 2023). The 
continued use of low-cost, mass-produced garments also undermines claims of 
sustainability (Cariki, 2020).  
This has resulted in increasing legal scrutiny and calls for greater accountability in the 
fashion industry, with H&M being sued for misleading sustainability marketing 
(Sustainable Fashion Forum, 2024). 
According to MSCI's ESG rating, H&M Hennes & Mauritz AB is on track to limit its 
)ÍÐÌÉÅÄ 4ÅÍÐÅÒÁÔÕÒÅ 2ÉÓÅ ɉ)42Ɋ ÔÏ ÂÅÔ×ÅÅÎ ΫȢί ÁÎÄ άȢΪТ#Ȣ 4ÈÉÓ ÁÌÉÇÎÓ ×ÉÔÈ ÔÈÅ 0ÁÒÉÓ  
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!ÇÒÅÅÍÅÎÔΈÓ ÇÏÁÌ ÏÆ ËÅÅÐÉÎÇ ÔÈÅ ÇÌÏÂÁÌ ÔÅÍÐÅÒÁÔÕÒÅ ÉÎÃÒÅÁÓÅ ×ÅÌÌ ÂÅÌÏ× άТ#Ȣ )Î ÔÅÒÍÓ ÏÆ 
climate risk management, H&M ranks as a leader among 304 companies within the 
retail -consumer discretionary industry (MSCI, 2024). 
 

Table 4: H&M Group Annual and Sustainability Reports: A comparison (source: self-
edited)  

Feature  2020 Report  2021 Report 2022 Report 2023 Report 

Overall Focus  

Financial 
performance 

and 
sustainability 

initiatives  

Emphasis on 
setting ambitious 

sustainability 
goals and 

highlighting 
initial progress. 

Focus on 
strengthening its 

sustainability 
strategy and 
showcasing 

progress in key 
areas. 

Showcases 
continued efforts 

to reduce 
environmental 

impact and 
promote fair labor 
practices, with a 

stronger emphasis 
on transparency 

and data. 

Key 
Highlights  

Ranking number 
one in Fashion 
Transparency 

Index, 
Conscious 
Exclusive 
collection, 
renewable 

energy 
investments 

Reduction in CO2e 
emissions (scopes 

1, 2, and 3). 
Increased use of 

recycled 
materials. 

Launch of H&M 
Move, a new 
sportswear 

initiative focused 
on sustainability. 
Further reduction 
in greenhouse gas 

emissions. 
Increased use of 

renewable energy 
in its operations. 

Significant 
reduction in 

greenhouse gas 
emissions in both 
the supply chain 

and own 
operations. 
Increased 

percentage of 
recycled materials 
used. Continued 

efforts to improve 
transparency and 
traceability in the 

supply chain. 

ESG 
Reporting  

Provides 
information on 
sustainability 
performance 

Provides detailed 
information on 

ESG performance, 
including data on 

energy 
consumption, 

water usage, and 
waste 

management. 

Expands on ESG 
reporting, 

including more 
information on 

social and 
governance 

aspects, such as 
labor conditions 

and human rights. 

Further enhances 
ESG disclosures, 
with a focus on 
providing more 

detailed and 
comparable data, 

aligning with 
global reporting 

standards. 
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Transparency 
&  

Traceability  

Emphasizes 
commitment to 

transparency 
and traceability 

Commits to 
greater 

transparency and 
traceability in its 

supply chain. 

Provides more 
detailed 

information about 
its suppliers and 

their 
environmental and 
social performance. 

Implements new 
technologies and 

initiatives to 
enhance 

transparency and 
traceability, such 

as product 
labeling and 
blockchain 
technology. 

  
 
DISCUSSION  
 
While some companies follow internationally recognized guidelines like the Global 
Reporting Initiative (GRI) or the Sustainability Accounting Standards Board (SASB), 
others may create their own custom ESG frameworks or rely on more vague, subjective 
claims. This inconsistency in reporting makes it challenging for stakeholders, including 
investors, regulators, and consumers, to compare and verify ESG performance across 
companies, industries, and regions (Eccles & Krzus, 2018). 
Additionally, the varying quality of third -party verification complicates the issue. While 
many companies rely on third-party agencies such as MSCI, Sustainalytics, or CDP to 
assess and validate their ESG claims, the methodologies and evaluation criteria used by 
these agencies can differ. Some ratings may focus heavily on quantitative metrics like 
emissions reduction or waste diversion, while others may emphasize qualitative factors 
such as company governance or social impact. Furthermore, these third-party 
evaluations may lack granularity in certain areas, such as the lifecycle assessment of 
products or the impact of supply chains, leaving room for ambiguity in interpreting 
results (Delmas, 2011). As a result, stakeholders may struggle to differentiate between 
companies genuinely making strides toward sustainability and those engaging in 
greenwashing by presenting selective or exaggerated claims. 
In many cases, companies may present their ESG activities in ways that are not 
misleading on the surface but omit critical details that would provide a clearer picture 
of their actual impact. Claims such as "sustainable packaging" or "net-zero emissions 
goals" can be seen as greenwashing if they are not backed by specific metrics or 
timelines, or if they focus on certain areas while neglecting others. Without standardized 
reporting criteria or consistent third -party validation, it becomes easy for companies to 
portray themselves as more sustainable than they actually are, creating confusion for 
stakeholders who rely on these reports for making informed decisions (Delmas & 
Burbano, 2011). 
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Regulatory Responses To Greenwashing  
As greenwashing has become a growing concern for both consumers and investors, 
regulatory bodies around the world are introducing more stringent requirements to 
combat misleading sustainability claims and improve transparency. In the European  
 
Union, the Green Claims Directive has been proposed as part of a broader effort to 
standardize environmental claims and prevent deceptive advertising (European 
Commission, 2021). This regulation aims to ensure that companies back their 
sustainability claims with clear, verifiable evidence, and it encourages the use of 
standardized methodologies for measuring environmental impact. The EU also plans to 
create a system for accrediting third-party verifiers, which could increase the credibility 
of ESG ratings and foster greater confidence in sustainability reports (European 
Commission, 2021). 
In the United States, the Securities and Exchange Commission (SEC) has proposed new 
guidelines for ESG disclosures, requiring publicly traded companies to provide more 
detailed and standardized information about their climate-related risks and the financial 
implications of their sustainability strategies (U.S. SEC, 2024).  
4ÈÅ 3%#ȭÓ ÐÒÏÐÏÓÅÄ ÒÕÌÅÓ ÆÏÃÕÓ ÏÎ ÉÍÐÒÏÖÉÎÇ ÔÈÅ ÃÏÎÓÉÓÔÅÎÃÙ ÁÎÄ ÃÏÍÐÁÒÁÂÉÌÉÔÙ ÏÆ %3' 
data, with a particular emphasis on greenhouse gas emissions, governance, and risk 
management. These regulatory efforts are designed to address the challenges associated 
with the lack of standardized reporting and to ensure that companies provide more 
transparent, reliable information.  
Other jurisdictions, including the UK and Canada, are also advancing similar regulatory 
initiatives, such as mandatory climate-related disclosures under the Task Force on 
Climate-related Financial Disclosures (TCFD) framework. These efforts aim to reduce 
the opportunities for companies to engage in greenwashing by requiring them to 
substantiate their claims with credible, quantifiable data (Task Force on Climate-related 
Financial Disclosures, 2022). 
While these regulatory developments are promising, challenges remain in their 
enforcement and effectiveness. Companies may still find ways to present selective or 
vague sustainability claims, particularly when the regulations themselves are open to 
interpr etation or lack teeth in terms of penalties for non-compliance (Delmas, 2011). 
Therefore, while regulatory action can help mitigate greenwashing, it will require 
consistent oversight and updates to stay ahead of evolving greenwashing tactics. 
 
The role of stakeholders in reducing greenwashing  
Stakeholders play a crucial role in combating greenwashing by holding companies 
accountable and demanding higher ESG standards. Investors, in particular, have the 
power to influence corporate behavior by prioritizing companies that genuinely adhere 
to sustainability principles and by supporting regulatory measures aimed at improving  
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transparency. Institutional investors and asset managers are increasingly integrating 
ESG factors into their investment decisions, with many adopting frameworks like the 
UN Principles for Responsible Investment (PRI) (PRI, 2023). These investors can drive 
change by avoiding companies that engage in greenwashing or fail to meet established 
sustainability standards, thereby rewarding companies that demonstrate authentic 
commitment to ESG goals (Eccles & Krzus, 2018). 
Consumers, as the ultimate drivers of demand, also play a significant role in reducing 
greenwashing. As awareness of greenwashing increases, consumers are becoming more 
discerning about the products they purchase and the companies they support. Ethical 
consumerism is on the rise, with many consumers now prioritizing sustainability and 
transparency when making purchasing decisions. Companies that fail to demonstrate 
authenticity in their sustainability claims may find themselves facing reputational 
damage, losing customers to competitors that offer more verifiable sustainability 
practices. This growing consumer demand for ethical products can incentivize 
companies to take more substantial, verifiable steps towards environmental and social 
responsibility (Lyon 2015). 
Regulators also have an essential role in ensuring that ESG claims are substantiated and 
that there are penalties for companies that engage in misleading practices. Through 
stronger regulations, such as those discussed earlier, regulators can make it more 
difficult for companies to engage in greenwashing by requiring them to provide 
verifiable data, disclose their environmental impact, and comply with strict reporting 
standards. Additionally, regulators can encourage greater third-party oversight and the 
use of standardized methodologies for assessing ESG performance, making it harder for 
companies to make unsupported claims (U.S. SEC, 2024). 
 
 
CONCLUSION 
 
This study underscores the challenge of distinguishing between greenwashing and 
authentic ESG reporting, a task that is becoming increasingly difficult as more 
companies use sustainability as a marketing tool without providing the necessary 
transparency or measurable metrics. While ESG reports and sustainability disclosures 
provide a framework for companies to communicate their environmental and social 
efforts, the lack of standardized reporting formats, ambiguous goals, and the absence of 
independent verification often undermine the credibility of these claims. Our findings 
indicate that many companies, including McDonald's, Nike, and Coca-Cola, set 
ambitious long-term sustainability goals without offering short -term, actionable steps 
or clear metrics to demonstrate progress. This lack of clarity and accountability raises 
concerns about the authenticity of these efforts and creates an environment ripe for 
greenwashing. 
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The regulatory landscape is evolving in response to these concerns, with authorities such 
as the SEC and the EU introducing stricter disclosure requirements aimed at improving 
the transparency of corporate sustainability practices. These initiatives, while promising, 
are still in early stages, and their effectiveness will depend on how well they are enforced  
and whether they lead to meaningful changes in corporate behaviour. The role of 
stakeholdersɂinvestors, consumers, and regulatorsɂwill be crucial in ensuring that 
companies adhere to higher ESG standards and that greenwashing is actively curbed. 
Looking ahead, future research could focus on several key areas to further address the 
challenges of greenwashing in ESG reporting. One important direction for research is 
the development of standardized ESG metrics, which would help ensure consistency in 
reporting and enable clearer comparisons across companies and industries. In addition, 
the role of third -party verification and independent auditing in reducing greenwashing 
warrants further exploration, as it could play a critical part in ensuring that companies' 
sustainability claims are credible. Understanding the behavioural aspects of 
greenwashing detection, such as how consumers and investors interpret ESG reports, 
could provide valuable insights into how stakeholders can be better equipped to assess 
sustainability claims. Lastly, longitudinal studies that track the evolution of ESG 
disclosure quality over time would offer important insights into the effectiveness of 
current regulations and whether they are achieving their intended goals of reducing 
greenwashing and enhancing transparency. 
In conclusion, while there have been significant strides toward improving ESG reporting, 
much remains to be done. By addressing the gaps in current practices and continuing to 
push for stronger regulations and clearer metrics, future research can contribute to 
creating a more transparent, accountable, and genuinely sustainable business landscape. 
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ABSTRACT 
 
The full-scale war in Ukraine has had a considerable impact on environmental security not only in 
Ukraine, but in the whole world in particular. The matter concerns damages caused to ecosystems 
of the Azov and the Black seas, damages to soils and therefore the decrease of sow soils, pollution 
of rivers and underground waters, as well as air. There were many cases of destroying natural 
parks, reserves, unique and so-called red-book-animals. At the same time there are many unique 
natural objects in the territory of Ukraine. Full-scale wars as well as armed conflicts have impact 
not only on immigration, economic, and security policies, but on environmental policy in 
particular.  This situation demands taking appropriate measures one of which could be developing 
an international legal base on environmental crimes and paying damages caused to the 
environment.  
 
Keywords: environmental crimes, damages caused to the environment, conventional regulation, 
standard programs for particular environmental objects. 

 
 
INTRODUCTION/BACKGROUND:  
 
the recent crash of two Russian tankers in the Gulf of Kerch, 2.4 tonnes of oil had leaked in the 
"ÌÁÃË 3ÅÁȢ ίΪΪ ËÇ ÏÆ ÂÌÁÃË ÏÉÌ ÈÁÖÅ ÂÅÅÎ ÒÅÍÏÖÅÄ ÎÅÁÒ ÎÁÔÉÏÎÁÌ ÐÁÒË Ȱ4ÕÚÌÁ ,ÙÍÁÎȱȟ /ÄÅÓÓÁ 
region [1]. Should the black oil be taken by the stream, the pollution will spread to Romania, 
Bulgaria and Turkey. Russia uses expired or dangerous tankers and the reasons for this are 
sanctions imposed for the full-scale aggression against Ukraine and impossibility to fill its 
budget to proceed the full-scale war. Therefore, the consequences of this crash should be 
considered such as having damaged the environment by the full-scale war. 
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At the same time, the territory of Ukraine has been subject to considerable environmental 
damages. According to the State Environmental Inspection of Ukraine (data of February 7, 2025), 
the damages caused to Ukrainian environment by the full-scale war amounted to $82 billion [2] 
(see Figure 1): 

 

 
Fig. 1. Damages caused to Ukraine's environment by full-scale aggression 

 
At the same time, the pollution of air and water resources is harmful not only for Ukraine, but 
for its neighboring countries. For instance, the matter concerns mines that drift across the Black 
Sea and then found at the seasides of Romania, Bulgaria and Turkey [3]. The black oil leak in the 
"ÌÁÃË 3ÅÁ ÃÁÕÓÅÄ ÍÁÓÓ ÄÏÌÐÈÉÎÓȭ ÁÎÄ ÂÉÒÄÓȭ ÄÅÁÔÈ ɏήɐȢ 4ÈÅ  ÐÏÌÌÕÔÉÏÎ ÏÆ ÒÉÖÅÒÓ 3ÅÉÍ ÁÎÄ $ÅÓÎÁ 
ÁÃÒÏÓÓ #ÈÅÒÎÉÈÉÖ ÁÎÄ 3ÕÍÙ ÒÅÇÉÏÎȟ  ÍÁÓÓ ÆÉÓÈȭÓ ÄÅÁÔÈ ÃÁÕÓÅÄ ÂÙ ÏÒÇÁÎÉÃ ÓÕÂÓÔÁÎÃÅÓȭ ÌÅÁË ÆÒÏÍ 
sugar factory in Kursk region, Russia, amount to 405 billion Ukrainian Hryvnia that is approx. 
$9.5 billion [5]. 7241 crimes against the environment were documented as of January 2025 [6]. 
Nevertheless, this calculation of damages caused by the russian armed aggression against 
Ukraine is somewhat conditional, since its cost is increasing every day. Besides, it is completely 
impossible to evaluate the environmental damages in occupied Ukrainian territories today 
because Russia dissembles this data. All the above-mentioned facts show that protection of the 
environment during full -scale wars, armed conflicts and ecocides and epizooties caused by them 
demand taking effective solutions. 
 
 

MATERIALS AND METHODS:  
 
The study required the use of universal and special methods of scientific thinking, each of which 
ensured the achievement of the set goal. The key method of this article was the dialectical 
(Aristotelian) method. The definition of the concept of "consequences of the impact of a full- 
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scale war on the environment" as a system of interconnected elements was carried out using the 
synergetic method. The axiological method is important for systematizing approaches to 
eliminating or minimizing these consequences. When studying the mechanism of legal decision-
making, the formal-legal method was used as a special research method. The analysis method 
allowed us to determine the necessary suggestions regarding the content of legal decisions 
dealing with paying damages caused to the environment as a result of armed conflicts and war.  
Alongside the methods inherent in humanitarian sciences, quantitative methods were used. 
However, their influence on determining the criteria for the legitimacy of decisions should not 
be overestimated. Thus, although Figure 1 illustrates the amounts of damages by segment, they 
do not provide a complete picture of the total amount and all the objects to which this damage 
was caused. First, the State Ecological Inspection of Ukraine does not pay attention to the 
damages caused by the destruction of the animal world. Second, the indicated amounts do not 
cover the costs necessary to restore ecosystems or their individual elements. In this regard, 
quantitative methods are used to demonstrate already confirmed statistical data. At the same 
time, they are used as a basis for quality methods to eliminate the relevant gaps in the 
implementation of international legal regulation in the field of developing mechanisms for 
paying damages caused to the environment because of full-scale wars and armed conflicts. The 
deduction method was used as the basis for forming the logical structure of the study. In 
particular, it determined the order of presenting the results, which proceeded from the general 
to the specific. Thus, at the beginning of the research, the general theoretical content of the 
main concepts was determined, namely, damages and losses, then these provisions were 
specified, namely, the peculiarities of their paying in war conditions were taken into account. 
The generalization method formed the basis of the final part of the research, Thai is the final 
one. Accordingly, on its basis, the main provisions and ideas of the authors were identified, 
which made it possible to consolidate them in the conclusions. The role of the given method 
was also reflected in the determining of promising directions for further research. 
The study was conducted in three stages. At the first stage, the basic theoretical aspects were 
described, since the content of the concept of "consequences of the impact of a full-scale war on 
the environment" was studied. At the second stage, the research described the basic mechanisms 
for paying damages caused to the environment as a result of full-scale wars and armed conflicts. 
This made it possible to determine the main provisions of international legal regulation of 
environmental protection. This stage includes also a discussion of the approaches and opinions 
of various scientists regarding the determination of the consequences of the impact of a full-
scale war on the environment and methods of paying damages. At the third stage, the results 
were summed up, in particular, the ideas and suggestions set out in the results were summarized 
and eventually they were fixed in the conclusions. 

 
 
RESULTS AND DISCUSSION 
 
This scientific research is based on existing scientific works that have been 
comprehensively analyzed to work out a unique approach to mechanisms of paying 
damages caused to the environment during the full-scale war. 
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Thus, Chernyk reasonably points that the number of damages caused to the forest ecosystem 
should be economically justified [7]. She suggests that the number of damages caused to the 
forest ecosystem by the full-scale invasion in Ukraine be calculated as the sum of general losses 
of the forest ecosystem, expenses needed for its restoration, expenses needed for its 
maintenance, and expenses for cultural and aesthetic, recreational and landscape elements of 
the forest ecosystem. Thereafter, the author suggests that the given damages be paid by the 
ÁÇÇÒÅÓÓÏÒ ÓÔÁÔÅȟ ÂÕÔ ÓÈÅ ÄÏÅÓÎȭÔ ÄÅÆÉÎÅ ÔÈÅ ÍÅÃÈÁÎÉÓÍ ÏÆ ÐÁÙÉÎÇ ÄÁÍÁÇÅÓȢ "ÅÓÉÄÅÓȟ ÔÈÅ ÁÕÔÈÏÒ 
restricts the field of her research exclusively to damages caused to the forest ecosystem. 
The other important research dealing with the issue is the scientific article of Yelistratova L. and 
her colleagues concerning social and ecological monitoring of the full-ÓÃÁÌÅ ÉÎÖÁÓÉÏÎȭÓ 
consequences [8]. Firstly, for their research the scientist used the data of satellites Sentinel-2, 
Sentinel-5P and Suomi NPP. Since the beginning of the invasion such data of distant research 
should be considered as a digital evidence confirming both social and ecological consequences 
of this invasion. Therefore, this satellite data, witness testimonies, written and other digital 
(footages and photos) evidence make the only evidence base for military and environmental 
ÃÒÉÍÅÓȢ 3ÅÃÏÎÄÌÙȟ ÔÈÉÓ ÒÅÓÅÁÒÃÈ ÐÏÉÎÔÓ ÁÔ ÔÈÅ ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÃÈÁÒÁÃÔÅÒ ÏÆ ÅÃÏÃÉÄÅȭÓ 
consequences. According to the criminal code of Ukraine (Article 441) the notion of ecocide 
includes the mass destruction of plant and animal worlds, poisoning of atmosphere or water 
resources, and other actions that could result in ecological disaster [9]. The research made by 
Yelistratova L. and her colleagues is valuable nonetheless because it does include the analysis of 
ÅÃÏÌÏÇÉÃÁÌ ÁÎÄ ÄÅÓÔÒÕÃÔÉÖÅ ×ÁÒȭÓ ÉÍÐÁÃÔ ÏÎ ÔÈÅ ÂÁÓÉÓ ÏÆ ÐÁÒÔÉÃÕÌÁÒ ÃÁÓÅÓ ÆÉØÅÄ ÉÎ ÔÈÅ ÓÁÔÅÌÌÉÔÅ ÁÎÄ 
multispectral pictures. Obviously, some examples from this article could be used for prediction 
and assessment of negative consequences. In particular, the drainage of Oskil Reservoir and 
ÆÌÏÏÄ ÏÆ )ÒÐÉÎ ÒÉÖÅÒ ×ÏÕÌÄ ÂÅ ÕÓÅÆÕÌ ÆÏÒ ÐÒÅÄÉÃÔÉÏÎ ÏÆ +ÁËÈÏÖËÁ ÄÙËÅȭÓ ÅØÐÌÏÓÉÏÎȭÓ ÄÉÓÁÓÔÒÏÕÓ 
consequences. At the same time the very research is dedicated only to events of 2022. 
Another research, very similar to the previously described, is the scientific work of Terenchuk S. 
and others which points at the necessity of developing the computerized informational and 
communicational system to support the owners of damaged or destroyed buildings in the 
process of their reconstruction [10]. The authors suggest that the innovative system using remote 
controlled elements to fix damages and destructions and to process vast amounts of information 
be developed. Alongside the authors depict only the side effects of interaction between this 
system and the environment. However, the use of the very system might be expanded. In our 
opinion, this system is useful when fixing damages caused to the environment during the fire 
and destruction and damages to various objects, determining the amount of damages, and 
holding the register of these damages. Nevertheless, none of these aspects have been discussed 
in the article. 
As D. Rawtaniet al. points out that military actions resulted in worsening of physical, chemical 
and biological quality of the soil, wood-felling and forest fires, worsening of sanitary and 
epidemic environment and the threat of destroying the variety of plants and animals [11]. All 
these factors have a substantial impact on attaining the aim of a steady evolution which demands 
ÔÈÅ ÁÄÏÐÔÉÏÎ ÏÆ ÎÅ× ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÌÅÇÉÓÌÁÔÉÏÎ ÉÎ ÔÈÅ ÆÉÅÌÄȢ !Ô ÔÈÅ ÓÁÍÅ ÔÉÍÅȟ ÔÈÅ ÁÕÔÈÏÒ ÄÏÅÓÎȭÔ 
even mention the contents of these rules of law. Pereira, P. and his colleagues also stress that 
the consequences of the war in Ukraine yet remain undefined [12]. They also point at another  
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element of paying damages - the consequences of destroying landscape aesthetics and cultural 
value. Indeed, there are many unique nature reserve funds with unique plants and animals. Part 
of them is located in the territory of active fire or very close to it, that is National Natural Park 
Ȱ/ÌÅÓÈËÉÖ 3ÁÎÄÓȱȟ "ÉÏÓÐÈÅÒÅ ÒÅÓÅÒÖÅ ÆÕÎÄ Ȱ!ÓËÁÎÉÉÁ .ÏÖÁȱ  ÃÁÌÌÅÄ ÁÆÔÅÒ &ÒÉÅÄÒÉÃÈ &ÁÌÚ-Fein. These 
objects are being damaged harshly and their restoration to what they used to be could take years 
ÁÎÄ ÙÅÔ ÔÈÅÙ ×ÏÕÌÄÎȭÔ ÂÅ ÔÈe same. Still the authors do not suggest any solutions to this problem. 
This is confirmed by Timmis H.L. and others, namely about interim damages assessment caused 
to reserve funds [13]. In a way, this report makes a more detailed structure of damages, including 
behavioral changes of animals as a result of explosions. 
Considering the above mentioned, Nikolaychuk, T. stresses on direct and hidden consequences 
ÏÆ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÇÅÎÏÃÉÄÅ ɏΫήɐȢ 4ÈÅ ÁÕÔÈÏÒ ÒÅÁÓÏÎÁÂÌÙ ÐÏÉÎÔÓ ÁÔ ÔÈÅ ÎÅÃÅÓÓÉÔÙ ÏÆ ÒÅÓÅÒÖÅ ÆÕÎÄÓȭ 
assessment as assets that could become subject to investment. 
The only way to not let the Russian federation get away with liability for damages caused to the 
environment is establishment of a special international tribunal. Golovko, Lyudmila considers 
that the common law rules might become a legal basis for it [15]. )ÔȭÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÍÅÎÔÉÏÎ ÔÈÁÔ 
the aggressor state violated rules of conventional law, in particular the United Nations Charter, 
the International Convention for the Suppression of Terrorist Bombings, 1997, the Convention 
on the Prohibition of the Development, Production, Stockpiling and Use of Chemical Weapons 
and on their Destruction, 1993, the Convention on Certain Conventional Weapons, 1980, Geneva 
Protocol for the Prohibition of the Use of Asphyxiating, Poisonous or Other Gases, and of 
Bacteriological Methods of Warfare, 1925 (Hnativ, 2023) [16]. On May 9, 2025 first steps were 
taken to establish a special tribunal for russian war crimes in Ukraine: delegations of 35 European 
countries signed the declaration for its establishment [17]. The process of cÒÉÍÅÓȭ ÄÏÃÕÍÅÎÔÁÔÉÏÎ 
has been held throughout the war. This thesis is confirmed in research held by Snizhko, S. and 
ÏÔÈÅÒÓ ×ÈÏ ÐÏÉÎÔ ÁÔ ÔÈÅ 'ÅÎÅÖÁ #ÏÎÖÅÎÔÉÏÎ ÒÕÌÅÓȭ ÖÉÏÌÁÔÉÏÎȟ ÁÎÄ ÔÈÁÔ ÔÈÅ ÃÏÎÓÅÑÕÅÎÃÅÓ ÏÆ 
+ÁËÈÏÖËÁ ÄÙËÅȭÓ ÅØÐÌÏÓÉÏÎ ÁÒÅ ÅÑÕÁÌ ÔÏ ÕÓÅ ÏÆ ÎÕÃÌÅar weapons with capacity of 5-10 kW [18]. 
On the contrary, Khodorovskyi, A. is trying to predict possible ecological hazards. In particular, 
the matter concerns the possibility of freshwater pollution in Donbas region. Their research 
deals with prediction of possible water pollution and sinking of related mines [19]. Such 
predictions let define possible damages and eventually decrease them. 
Some scientific researches determine ways to restore such natural objects and to eliminate 
caused damages. Thus, Onyshchenko, S. and others suggest that every damaged object be 
thoroughly studied and have the plan developed for its restoration [20]. Such an individual 
approach is justified and effective.  However, an effective mechanism for raising funds for these 
programs must be developed and that is exactly what the authors left behind. Batiuk, O. keeps 
the similar idea of the necessity to adopt national programs of internal security and to hold the 
register of damages but his focus is on national legislation exclusively [21]. 
Bonchkovskyi, O. and others suggest that soil monitoring be made in the lands across Kharkiv 
region which were subject to military actions the most [22]. Such monitoring is supposed to be 
made by means of probe, field and laboratory analysis. The scientists also stress on the possibility 
and necessity of using other methods, including geographical and evaluation of organic 
pollutants, etc. The article written by Hlavatskyi, D. and others is one of the latest researches in 
ÔÈÅ ÆÉÅÌÄ ÏÆ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÉÍÐÁÃÔȭÓ analysis on environment [23]. Using the data of cluster analysis  



 

 Page 392 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
and analysis of main components, the authors determined the interaction between the 
environmental damage extent and weapons type and soil type as well as the impact of the heavy 
metals on human health in the long run. The chain reaction of heavy metals pollution of living 
creatures is comprehensively shown in research on the territory of Kairiai military ground 
complex [24]. These consequences might partially be predicted using modern technologies. 
All the above mentioned scientific researches depict only general tendencies concerning the 
impact of war on the environment as well as the importance of this issue. This topic is currently 
of great importance due to probable war between two nuclear states - India and Pakistan. 
The research in this field could be conditionally classified into three groups: 

- those dealing with damages structure and methods of determining the latter; 
- those dealing with means and methods of fixing damages, collecting evidence using 

innovative technologies; 
- those dealing with suggestions to amend international legislation on environmental 

protection.  
Every above-ÍÅÎÔÉÏÎÅÄ ÒÅÓÅÁÒÃÈ ÉÓ ÏÆ ÇÒÅÁÔ ÉÍÐÏÒÔÁÎÃÅ ÆÒÏÍ ÔÈÅ ÐÏÉÎÔ ÏÆ ÌÅÇÁÌ ÌÉÁÂÉÌÉÔÙȭÓ 
ÃÏÎÄÉÔÉÏÎÓ ÏÆ ÔÈÅ ÁÇÇÒÅÓÓÏÒ ÓÔÁÔÅ ÁÎÄ ÃÏÌÌÅÃÔÉÎÇ ÅÖÉÄÅÎÃÅ ÁÇÁÉÎÓÔ ÔÈÅ ÌÁÔÔÅÒȢ )ÔȭÓ ÏÂÖÉÏÕÓ ÔÈÁÔ ÅÖÅÒÙ 
field of these researchers becomes more topical as new circumstances emerge. For instance, 
recently the number of areas polluted have significantly increased due to the mass use of optical 
fiber drones. Today their impact on the environment cannot be evaluated profoundly. This will 
take the cooperation of scientists and practitioners in different fields.  
However our attention is focused on the suggestions on amending the environmental 
international protection legislation, on developing the international legal mechanisms on paying 
damages caused by the war. Conventional law on environmental protection needs to be 
improved due to demands of evolution. 
&ÉÒÓÔȟ ÉÔȭÓ ÉÍÐÏÒÔÁÎÔ ÔÈÁÔ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÎÖÅÎÔÉÏÎÓ ÒÅÇÕÌÁÔÅ ÔÈÅ ÎÏÔÉÏÎ ÏÆ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÒÉÍÅÓȟ 
ecocide in particular, aggravated in addition with the circumstances of committing the latter, 
i.e. in time of war, armed conflicts, and terrorist actions. Such damages should be considered as 
costs needed for restoration of plants and animals and emerged as a result of soil destruction, 
ÌÏ× ÓÏÉÌ ÑÕÁÌÉÔÙȟ ÄÅÁÔÈ ÏÆ ÓÏÍÅ ÁÎÉÍÁÌÓȭ ËÉÎÄÓȟ ÐÏÌÌÕÔÉÏÎȟ ÉÎÃÌÕÄÉÎÇ ÐÏÉÓÏÎÉÎÇ ÏÆ ÁÉÒȟ ×ÁÔÅÒ ÅÔÃȢ 
These damages could be causÅÄ ÄÅÌÉÂÅÒÁÔÅÌÙ ÉÎ ÏÒÄÅÒ ÔÏ ÉÎÃÒÅÁÓÅ ÄÁÍÁÇÅÓȟ +ÁËÈÏÖËÁ ÄÙËÅȭÓ 
explosion for example, or as a result of negligence - leak of oil during transportation by russian 
ȰÓÈÁÄÏ× ÆÌÅÅÔȱȢ 3ÕÃÈ ÁÃÔÉÏÎÓ ÁÒÉÓÅ ÄÉÒÅÃÔÌÙ ÆÒÏÍ ÐÒÏÖÉÄÉÎÇ ÏÒ ÓÕÐÐÏÒÔÉÎÇ ÔÈÅ ×ÁÒȢ 
The next step to be taken is holding the register of damages caused to the environment and 
development of standard programs for environmental restoration (minimizing the negative 
consequences). Standard programs must be developed for each object of the environment 
separately and must be fast and easily adaptable. These processes are supposed to be regulated 
in conventions on damages caused to the environment. 
The convention should also regulate measures to be taken by the state in order to restore the 
ÅÎÖÉÒÏÎÍÅÎÔȢ )ÔȭÓ ÁÂÏÕÔ ÅÓÔÁÂÌÉÓÈÍÅÎÔ ÏÆ Á ÓÐÅÃÉÁÌ ÆÕÎÄ ÆÏÒ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÒÅÓÔÏÒÁÔÉÏÎ ÁÔ ÔÈÅ 
expense of funds paid in by the participating states, insurance of civil liability of carriers of 
hazardous materials, forfeiture of property of the aggressor state, organizations and physical 
persons as sanctions for environmental crimes, foreclosure of the property into a special fund 
ÆÏÒ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÒÅÓÔÏÒÁÔÉÏÎȟ ÉÍÐÏÓÉÎÇ ÆÉÎÅÓ ÆÏÒ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÖÅÎÔÉÏÎÓȭ ÖÉÏÌÁÔÉÏÎÓȢ 
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CONCLUSION 
 

Within the scope of the given study, scientific researches on damages caused to the 
environment as a result of a full-scale war have been systematized. Specific amendments 
in the field of international convention law dealing with environmental protection h ave 
been proposed, that is adoption of Convention on Environmental Damages containing 
general rules on environmental crimes, environmental damages, as well as measures to 
be taken against the subjects committing these crimes. The very Convention should 
regulate the issues of holding the register of environmental damages, establishing of a 
special environmental restoration fund, and the establishment of an International 
Bureau of Environmental Investigations. An important element of conventional 
regulation is the development of standard programs for each environmental object 
separately and providing the possibility for quick and easy adaptation to specific 
conditions. 
 
 

REFERENCES 
 
1. At the coast of Odessa more than 400 kg of black oil have been yet removed from Russian 

tankers - Ȱ4ÕÚÌÁ ,ÙÍÁÎȱȢ 2ÁÄÉÏ ,ÉÂÅÒÔÙ ÏÆ *ÁÎÕÁÒÙ έΫȟ άΪάίȢ  
https://www.radiosvoboda.org/a/news -chorne-more-mazut-ekoloh-katastrofa-
tanker/33298660.html 

2. Damages caused to the environment as the result of russian armed aggression. Updated 
weekly infographic as of February 7, 2025. https://www.dei.gov.ua/post/onovlena -
shchotizhneva-infografika-stanom-na-07022025. 

3. Romania defuses mine drifting near its Black Sea shore. 
https://www.euronews.com/2022/12/11/ukraine-crisis-romania-mine. Bulgarian Navy 
Detonates Two Drifting Naval Mines in the Black Sea. https://maritime -
executive.com/article/bulgarian-navy-detonates-two-drifting -naval-mines-in-the-
black-sea. Sea mine found on Black Sea coast near Istanbul. 
https://www.hurriyetdailynews.com/sea -mine-found-on-black-sea-coast-near-istanbul-
203935 

4. Black oil leak from Russian tankers: birds and dolphins die in the Black Sea (video). 
https://www.unian.ua/ecology/rozliv -mazutu-z-tankeriv-rf-u-chornomu-mori -ginut -
ptahi-ta-delfini -12856689.html 

5. Seven tonnes of dead fish have been removed from Desna river in Chernihiv for two days 
https://suspilne.media/chernihiv/834883 -sim-tonn-mertvoi -ribi -zibrali -za-dva-dni-u-
ricci-desna-u-cernigovi/  

6. Hareyeva, Maryna. Russia has committed more than 7000 environmental crimes in 
Ukraine. https://khpg.org/1608814347 

 
 

https://www.radiosvoboda.org/a/news-chorne-more-mazut-ekoloh-katastrofa-tanker/33298660.html
https://www.radiosvoboda.org/a/news-chorne-more-mazut-ekoloh-katastrofa-tanker/33298660.html
https://www.dei.gov.ua/post/onovlena-shchotizhneva-infografika-stanom-na-07022025
https://www.dei.gov.ua/post/onovlena-shchotizhneva-infografika-stanom-na-07022025
https://maritime-executive.com/article/bulgarian-navy-detonates-two-drifting-naval-mines-in-the-black-sea
https://maritime-executive.com/article/bulgarian-navy-detonates-two-drifting-naval-mines-in-the-black-sea
https://maritime-executive.com/article/bulgarian-navy-detonates-two-drifting-naval-mines-in-the-black-sea
https://www.hurriyetdailynews.com/sea-mine-found-on-black-sea-coast-near-istanbul-203935
https://www.hurriyetdailynews.com/sea-mine-found-on-black-sea-coast-near-istanbul-203935
https://www.unian.ua/ecology/rozliv-mazutu-z-tankeriv-rf-u-chornomu-mori-ginut-ptahi-ta-delfini-12856689.html
https://www.unian.ua/ecology/rozliv-mazutu-z-tankeriv-rf-u-chornomu-mori-ginut-ptahi-ta-delfini-12856689.html
https://suspilne.media/chernihiv/834883-sim-tonn-mertvoi-ribi-zibrali-za-dva-dni-u-ricci-desna-u-cernigovi/
https://suspilne.media/chernihiv/834883-sim-tonn-mertvoi-ribi-zibrali-za-dva-dni-u-ricci-desna-u-cernigovi/
https://khpg.org/1608814347


 

 Page 394 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
7. Cherchyk, Larysa (2022). Methodology for the assessment of damage and economic 

losses from harm to forest ecosystems as a result of armed aggression. Forestry Studies, 
vol. 77, no. 1, Sciendo, 2022: 2-20. https://doi.org/10.2478/fsmu-2022-0009 

8. Yelistratova, L., Apostolov, A., Lyalko, V., Tomchenko, O., Khyzhniak, A., Hodorovsky, 
A. (2022). The results of socio-ecological monitoring during military operations in 
Ukraine using satellite information. Romanian Journal of Geography, 66 (2): 117-136. 
http://www.rjgeo.ro/issues/revue_roumaine_66_2/yelistratova%20et%20al..pdf 

9. Criminal Code of Ukraine: Law of Ukraine of April 5, 2001. 
https://zakon.rada.gov.ua/laws/show/2341-14#Text 

10. Svitlana Terenchuk, Roman Pasko, Ihor Bosenko, Anatolii Buhrov, Alexei Yaschenko, 
Bohdan Volokh (2023). Ontology Formation of Support System for Restoration of 
Buildings, Property and Infrastructure Objects. IEEE 4th KhPI Week on Advanced 
Technology (KhPI Week): 1-5. https://ieeexplore.ieee.org/document/10313006. 

11. D. Rawtani et al. (2022). Environmental damages due to war in Ukraine: a perspective. 
Science of The Total Environment. Volume 850, 1 December 2022. 
https://doi.org/10.1016/j.scitotenv.2022.157932. 

12. P. Pereira et al. (2022) Russian-Ukrainian war impacts the total environment. Science of 
The Total Environment. Volume 837, 1 September 2022. 
https://doi.org/10.1016/j.scitotenv.2022.155865/  

13. Timmins, H.L., Petrovych, O., Drapaliuk, A., Polianska, K., Vasyliuk, O., Bragger, J., 
+ÕÚÅÍËÏȟ !Ȣȟ ɉȢȢȢɊȟ 6ÉÓÈÎÅÖÓËÙȟ $Ȣ 4ÈÅ ÓÔÁÔÅ ÏÆ 5ËÒÁÉÎÅȭÓ ÐÒÏÔÅÃÔÅÄ ÁÒÅÁȡ ÁÎ ÉÎÔÅÒÉÍ 
update on damages from the full scale invasion. (2023). Parks, 29 (2): 52-63.      
https://parksjournal.com/wp -content/uploads/2023/12/10.2305-
IUCN.CH_.2023.PARKS-29-2HT.en-Timmins.pdf. doi: 10.2305/IUCN.CH.2023.PARKS-
29-2HLT.en. 

14. Nikolaychuk, T. (2023). Protected area genocide in Ukraine: An aspect of genocide. Social 
and Legal Studios, 6(4): 132-144. https://doi.org/10.32518/sals4.2023.132. 

15. Liudmyla Golovko (2023). International Legal Mechanisms for Holding the Russian 
Federation Accountable for Causing Environmental Damage as a Result of Armed 
Aggression against Ukraine. Bratislava Law Review, 7(1): 29-40. 
https://doi.org/10.46282/blr.2023.7.1.354 

16. O. Hnativ (2023). Public International Law in the Mechanism for Preventing Violations 
of Peace in the Context of an Armed Aggression by the Russian Federation on Ukraine. 
Pakistan Journal of Criminology. Vol. 15, No. 02, April-June 2023: 293-304. 
https://www.pjcriminology.com/publications/public -international -law-in-the-
mechanism-for-preventing-violations-of-peace-in-the-context-of-an-armed-aggression-
by-the-russian-federation-on-ukraine/  

17. Forty countries in Lviv have taken a political decision to establish a Special Tribunal for 
russian leaders (09.05.2025).  https://mfa.gov.ua/news/u -lvovi-chotiri -desyatki-derzhav-
uhvalili -politichne -rishennya-pro-stvorennya-specialnogo-tribunalu -dlya-kerivnictva-rf 

18. Snizhko S., Zapototskyi S., Shevchenko O., Olexienko I.,Didovets I. and Bronstert A. 
(2023). Assessment of the Water Resource Potential of the Lower Dnipro After the 
Destruction of the Kakhovka Reservoir Taking into Account the Impact of Climate  

http://www.rjgeo.ro/issues/revue_roumaine_66_2/yelistratova%20et%20al..pdf
https://zakon.rada.gov.ua/laws/show/2341-14#Text
https://ieeexplore.ieee.org/document/10313006
https://doi.org/10.1016/j.scitotenv.2022.157932
https://doi.org/10.1016/j.scitotenv.2022.155865
https://doi.org/10.46282/blr.2023.7.1.354
https://www.pjcriminology.com/publications/public-international-law-in-the-mechanism-for-preventing-violations-of-peace-in-the-context-of-an-armed-aggression-by-the-russian-federation-on-ukraine/
https://www.pjcriminology.com/publications/public-international-law-in-the-mechanism-for-preventing-violations-of-peace-in-the-context-of-an-armed-aggression-by-the-russian-federation-on-ukraine/
https://www.pjcriminology.com/publications/public-international-law-in-the-mechanism-for-preventing-violations-of-peace-in-the-context-of-an-armed-aggression-by-the-russian-federation-on-ukraine/
https://mfa.gov.ua/news/u-lvovi-chotiri-desyatki-derzhav-uhvalili-politichne-rishennya-pro-stvorennya-specialnogo-tribunalu-dlya-kerivnictva-rf
https://mfa.gov.ua/news/u-lvovi-chotiri-desyatki-derzhav-uhvalili-politichne-rishennya-pro-stvorennya-specialnogo-tribunalu-dlya-kerivnictva-rf


 

 Page 395 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

 
Change. 17th International Conference Monitoring of Geological Processes and 
Ecological Condition of the Environment, Nov 2023, Volume 2023: 1ɀ5. DOI: 
https://doi.org/10.3997/2214-4609.2023520039 

19. A. Ya. Khodorovskyi et al. (2023). Satellite-based technology assessing Ukraine's ecology 
under the war. IOP Conf. Ser.: Earth Environ. Sci. 1254 012115 DOI: 10.1088/1755-
1315/1254/1/012115. 

20. Onyshchenko, S. V., Masliy, O. A., Buriak, A. A. (2023) .Threats and Risks of Ecological 
and Economic Security of Ukraine in the Conditions of War. 17th International 
Conference Monitoring of Geological Processes and Ecological Condition of the 
Environment, 2023 Nov 2023, Volume 2023: 1ɀ5. DOI: https://doi.org/10.3997/2214-
4609.2023520072 

21. Batiuk, O. (2022). Liberation of critical infrastructure facilities of the Autonomous 
Republic of Crimea. Social and Legal Studios, 5(3): 60-65. https://doi.org/10.32518/2617-
4162-2022-5-3-60-65 

22. Bonchkovskyi O.,Ostapenko P., Shvaiko V. and Bonchkovskyi A. (2023) . A 
Comprehensive Methodological Approach to Assessing War-Induced Soil Disturbances 
in the Kharkiv Region, Ukraine. 17th International Conference Monitoring of Geological 
Processes and Ecological Condition of the Environment, Nov 2023, Volume 2023: 1ɀ5.  DOI: 
https://doi.org/10.3997/2214-4609.2023520068 

23. Hlavatskyi D., Menshov O., Poliachenko Ie., Bakhmutov V. and Bondar K. (2023). 
Comparison of Magnetic and Geochemical Parameters in Soil for the Estimation of 
Heavy Metals Pollution Caused by Warfare. International Conference of Young 
0ÒÏÆÅÓÓÉÏÎÁÌÓ Ⱥ'ÅÏ4ÅÒÒÁÃÅ-ΰήΰβȻ, Oct 2024, Volume 2024: 1ɀ5. DOI: 
https://doi.org/10.3997/2214-4609.2024510067 

24. )ÄÚÅÌÉÓȟ 2Ȣ,Ȣȟ "ÕÄÒÅÉËÁȟ !Ȣȟ 6ÁÉĤËıÎÁÉÔõȟ 2Ȣ )ÎÖÅÓÔÉÇÁÔÉÏÎ ÁÎÄ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÓÏÉÌ 
contamination with heavy metals in Kairiai military ground territory (2004). Journal of 
Environmental Engineering and Landscape Management, 12 (SUPPL. 2): 42-48. 
http://journals.vgtu.lt/index.php/JEELM/about . 

 
 

  

https://doi.org/10.3997/2214-4609.2023520039
http://journals.vgtu.lt/index.php/JEELM/about


 

 Page 396 
This article is published in the Proceedings Book of the IX. International Symposium - 2025 ñEnvironmental 

Health and Biosecurity Strategyò May 8-9, 2025, with ISBN 978-963-449-365-5  

D1 

PHYSICS ɀ DRIVEN COMPARATIVE ANALYSIS OF 
BARCODE, RFID TAG AND QR CODE FOR IOT 
APPLICATIONS  
 
MAMATABEN SONI 1*, SUBHASH DESAI2 

 
1Madhav University, Pindwara, Rajasthan, INDIA, mamatasoni6@gmail.com, +91 
7878595409 
2Shiyani Research Institute, RAJKOT, Gujarat, INDIA, subhash1948@yahoo.com,(+91) 
83206 46190 
 
 

Abstract  
 
The evolution of data capture methods and processing technologies has resulted in 
significant advances, including batch, online, and real-time processing. Modern IoT 
applications are based on device-to-device communication with minimum human 
interaction. This mandates the deployment of IPv6 to uniquely identify each node in a 
network an essential requirement that remains mostly unfulfilled. Despite their ubiquitous 
use, data capture technologies such as barcodes, RFID tags, and QR codes are passive, 
meaning they require external activation to function. Their applications, however, are still 
critical across industries because to their simplicity and cost-effectiveness. The transition 
in communication devices has transformed our daily activities, driving a digital revolution 
and defining a new lifestyle based upon smart phones and integrated systems. From a 
physics standpoint, electromagnetic waves play a critical role in wireless communication, 
while semiconductor physics supports the miniaturization of smart gadgets. Additionally, 
the principles of optics and radio frequency identification are critical in the operation of 
QR codes and RFID systems. In this paper, we will look at real-world applications of these 
technologies, including the influence of digital transformation through the lens of physics 
and its role in determining the future of communication and automation. 
 
Keywords : Barcode, IoT, Physics, QR code, RFID  
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INTRODUCTION  
 
expansion of IoT has prompted the development of reliable and efficient ways for 
identifying objects and collecting data. Barcodes, RFID, and QR codes are key 
technologies that enable seamless communication between physical objects and 
computer systems.[1] Understanding the physics underpinning these technologies 
provides information on their performance, dependability, and applicability for a variety 
of applications.  
IoT applications require dependable item identification and data collection systems.[2] 
Barcode, RFID, and QR Code technologies are extensively utilised, yet they differ greatly 
in physical principles, working circumstances, and data capacity.  
Understanding their comparative performance through a physics lens enables improved 
deployment in smart systems.  
Automatic identification technologies such as barcodes, RFIDs, and QR codes have 
become critical for tracking, authentication, and data exchange in the Internet of Things 
(IoT).[3]  
Each of these technologies is based on separate physical principles: optical reflectivity 
for barcodes, electromagnetic induction for RFID, and optical image decoding for QR 
codes. This work seeks to present a succinct physics-based comparison of their 
operational properties, efficiency, and applicability in real-world IoT settings. [4,5] 
 
 
FUNDAMENTAL PRINCIPLES 
 
Barcode  
Barcodes encode data using optical principles, with patterns of varied widths and 
spacing of parallel lines. A scanner generates light that reflects off the barcode; changes 
in reflectivity are recognized and converted into digital data. [6] 
 
RFID (Radio -Frequency Identification)  
RFID systems use electromagnetic fields to automatically detect and track tags placed 
on things. Tags can be passive (powered by the reader's interrogating signal) or active 
(battery-powered), communicating by altering the reader's electromagnetic waves.[7] 
 
QR Code 
QR codes are two-dimensional matrix barcodes that can store information horizontally 
and vertically. They are read by image devices such as cameras, which capture the code 
and use error correction methods to extract the encoded data.[8] 
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Table 1.Comparative Analysis 

Parameter  Barcode  RFID QR Code 

Data Capacity  Low Moderate High 

Read Range 
Up to 0.5 
meters 

Up to 100 meters 
(active tags) 

Up to 1 meter 

Line -of -Sight 
Required  

Yes No Yes 

Environmental 
Resilience  

Low 
(susceptible to 
damage) 

High (robust 
against harsh 
conditions)  

Moderate (can be 
affected by dirt or 
damage) 

Cost Very Low Moderate to High Low 

Security  Low 
Variable (can be 
enhanced with 
encryption)  

Moderate (can include 
encryption and error 
correction)  

 
 
APPLICATIONS IN IOT  
 
Barcode  
Barcodes are frequently utilized in retail and inventory management since they are 
inexpensive and simple. However, their need for line-of-sight and vulnerability to 
environmental deterioration limit their use in dynamic IoT situations.[9]  
 
RFID 
RFID technology is particularly useful in applications that need non-line-of-sight 
scanning and real-time tracking, such as supply chain management, asset tracking, and 
access control systems. Its ability to operate in tough settings makes it ideal for 
industrial IoT applications. [10,11] 
 
QR Code 
QR codes connect the physical and digital worlds, providing instant access to 
information via smart phones. They are widely used in marketing, contactless payments, 
and authentication processes within IoT ecosystems. [12] 
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RECENT ADVANCEMENTS 
 
¶ RFID Security Enhancements : Recent research has focused on resolving 

security vulnerabilities in RFID systems, including approaches for identifying and 
mitigating possible threats.[13] 

¶ Executable QR Codes : Executable QR codes (eQR) are examples of innovations 
that use machine learning capabilities, allowing QR codes to execute certain 
duties without the need for internet connectivity.[14]  

¶ Integration in Smart Manufacturing : The amalgamation of RFID, barcode, 
and QR code technologies is revolutionizing smart manufacturing, enhancing 
data collection, and operational efficiency. [15] 

 
 
SECURITY CONSIDERATIONS 
 
Security remains a critical concern across all three technologies: 
¶ Barcode : Susceptible to duplication and tampering due to lack of encryption.[16] 
¶ RFID : Vulnerable to eavesdropping, cloning, and unauthorized tracking; 

however, security can be bolstered through encryption and authentication 
protocols.[17] 

¶ QR Code: Can be exploited to direct users to malicious websites; incorporating 
digital signatures and secure encoding practices can mitigate risks.[18] 

METHODOLOGY  
The technologies were examined in terms of data capacity, read range, environmental 
resistance, and physical operating principles (such as optics and electromagnetism). 
Literature from 2021 to 2024 was evaluated to reflect the most recent advances. 
 
Barcode [19] 
¶ Physical Principle : Based on optical reflection. 
¶ Performance : Requires line-of-sight; low-cost and widely adopted. 
¶ Limitations : Easily damaged, limited data, no encryption. 
¶ Use Cases: Retail, simple inventory. 

 
RFID [20,21] 
¶ Physical Principle : Utilizes radio-frequency electromagnetic fields 

(induction/resonance).  
¶ Performance : Long range (up to 100 m), can be passive or active, non-line-of-

sight. 
¶ Limitations : Higher cost, susceptible to interference, security vulnerabilities 

without encryption.  
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¶ Recent Advances : Improved anti-cloning techniques and secure protocols.[22] 
¶ Use Cases: Logistics, supply chain, healthcare. 

 
QR Code[23,24] 
¶ Physical Principle : Optical imaging and pattern recognition. 
¶ Performance : Higher data density than barcode, camera-readable, moderate 

environmental tolerance. 
 
¶ Recent Innovation : Executable QR codes integrating local AI models for offline 

operations [25]. 
¶ Use Cases: Consumer engagement, mobile payments, and authentication. 

 
Table 2. Summary Table [26,27] 

Feature  Barcode  RFID QR Code 

Signal Type Optical  Electromagnetic (RF) Optical  

Read Range < 0.5 m Up to 100 m < 1 m 

Line-of-Sight Required Not Required Required 

Data Capacity Low Moderate High 

Cost Very Low Medium to High  Low 

Security Low Moderate to High Moderate 

Environmental Fit  Poor Good Moderate 

 
Table3. Comparative Analysis 

Feature  Barcode  RFID QR Code 

Physical Principle  
Optical 

reflection 
Radio-frequency 

electromagnetic fields 
Optical image 
recognition 

Data Capacity  
Low (~20ɀ25 
characters) 

Moderate (128 bytes ɀ 4 
KB) 

High (up to 7 KB) 

Read Range < 0.5 m 
Passive: ~3 m, Active: 

up to 100 m 
~0.1 ɀ 1 m 

Line -of -Sight  Required Not required Required 

Environmental 
Suitability  

Poor (easily 
damaged) 

High (robust in harsh 
conditions)  

Moderate (sensitive 
to damage/dirt)  

Security  Very low 
MediumɀHigh (with 
encryption protocols)  

Moderate (can 
include encryption)  
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Cost Very low Moderate to high Low 

IoT Use Cases 
Retail, static 

inventory 
Logistics, asset 

tracking, healthcare 

Payments, smart 
labels, user 
interfaces 

  
 
CONCLUSION 
 
Barcodes remain a low-cost, straightforward solution best suited to static environments. 
RFID excels in terms of versatility and performance, particularly for large-scale and 
mobile IoT applications. QR codes provide a middle ground, excelling in digital-physical 
interactions and intelligent interfaces. Physics-based understanding allows for 
appropriate selection based on environmental circumstances, application scale, and 
security requirements. 
Each identification technology offers unique advantages and faces specific limitations: 
¶ Barcode : Cost-effective and easy to implement but limited by environmental 

susceptibility and line-of-sight requirements. 
¶ RFID : Offers superior range and durability, suitable for complex IoT applications, 

albeit at a higher cost and with security considerations. 
¶ QR Code: Balances data capacity and ease of use, ideal for user engagement and 

information dissemination in IoT contexts.  
The choice among these technologies should be guided by specific application 
requirements, environmental conditions, and security needs. 
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Abstract  
 
  It has been observed that assemblage of aquatic fungi can pollute the water while aquatic  habitat 
are heterogenous in time and space and greatly differ in their physico-chemical feature 
Objectives of the study: To  determine the physico chemical properties of the water and sediment 
of aquatic fungi detection in Lagos Lagoon.  
Methodology : Further examination on the physico ɀ chemical properties  of the water and 
sediment was also carried out using different parameters to determine  compound present such as: 
Ph, salinity, chloride, Nitrate, Phosphate, sulphate, Dissolve oxygen, ammonia, alkalinity and 
biochemical oxygen demand (BOD) . 
Results:   From the result Oworoshoki has the highest latitude reading  while Ido has the highest 
longitude reading , temperature reading of water and sediment  was   recorded .More so, it  was 
observed that Ido has the highest chlorine  of 16,400,also has the highest salinity compared to 
Ogudu water of 2.8% salinity contents, while Ogudu has the highest ph value of 7.81 while bariga 
has the least 7.23Ph.  The following fungi was detected such as Aspergillum ustus,  Aspergillum  
species, Mucor species, Allomyces species, penicillium janezewskii, Aspergillus nidulan. 
 Conclusion : Due to their role in the energy transference of rivers it is fundamental to further 
investigate the effects of pollution on the structure and functioning of assemblages of aquatic 
hyphomycetes do accumulate toxic compound and how decomposition rates are effected by 
pollutants.  
Recommendations : Proper orientation and health awareness should be enlighten  on the harmful 
effect of water pollution, which it can kill the aquatic species in the water,  pollute the water and 
control measures should be taken such as:  avoiding pollutant substance in the water   such as 
refuses waste, faeces and   oil spillage should be prevented from enter the water. 
 
Keywords : Physico Chemical Properties, Water and Sediment,  Aquatic Fungi  
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INTRODUCTION  
 
Background to the study  
Aquatic fungi are usually microscopic organisms, which do not produce visible fruiting 
bodies but grow asexually (anamorphic fungi). Their occurrence in water is rather 
subtle, and specialized methods are needed to examine their diversity, population 
structure and ecological function. Water associated fungi have been known historically 
ÁÓ ȰÐÈÙÃÏÍÙÃÅÔÅÓȱȟ Á ÆÕÎÃÔÉÏÎÁÌÌÙ ÄÅÆÉÎÅÄ ÇÒÏÕÐ ÃÏÎÓÉÓÔÉÎÇ ÏÆ ȰÔÒÕÅ ÆÕÎÇÉȱ ɉEumycota) 
ÁÎÄ ȰÁÎÁÌÏÇÏÕÓÌÙ ÅÖÏÌÖÅÄ ÆÕÎÇÕÓ-ÌÉËÅ ÏÒÇÁÎÉÓÍÓȱ ÂÅÌÏÎÇÉÎÇ ÔÏ Chromista (Oomycetes, 
Thraustochytridiomycetes). Other groups formerly placed in the fungal kingdom include 
slime moulds (Amoebae), Ichthyosporae (Mesomycetozoea) and Actinomycetes 
(Bacteria)ȟ ×ÈÉÃÈ ÁÒÅ ÎÏ× ÒÅÃÏÇÎÉÚÅÄ ÁÓ ÄÉÓÔÉÎÃÔ ÔÁØÁȢ 7ÈÉÌÅ ÔÈÅ ȰÔÒÕÅ ÆÕÎÇÉȱ ÁÒÅ Á ÓÉÓÔÅÒ 
group to animals, Oomycetes are biochemically distinct from fungi while having similar 
morphology, size and habitat usage, they are osmoorganotrophs, absorbing nutrients 
across their cell wall. Most of them have a filamentous growth stage during their life 
cycle. This morphology entheys them to invade deep into substrates and to directly 
digest particulate organic matter to acquire nutrients for growth and reproduction. 
(Gessner, M. O. and Van Ryckegem, 2003).  
Seventy-ÏÎÅ ÐÅÒÃÅÎÔ ÏÆ ÏÕÒ ÐÌÁÎÅÔȭÓ ÓÕÒÆÁÃÅ ÃÏÎÓÉÓÔÓ ÏÆ ×ÁÔÅÒȟ ÂÕÔ ÏÎÌÙ ΪȢΰГ ÉÓ ÌÅÎÔÉÃ ÁÎÄ 
lotic freshwater habitats. Often taken for granted, freshwaters are immensely diverse 
habitats and host 10% of all animals and 35% of all vertebrate species worldwide. 
However, no other major components of global biodiversity are declining as fast and 
massively as freshwater species and ecosystems. Urbanization, economic growth, and 
climate change have increased pressure on freshwater resources, whilst biodiversity has 
given way to the increasing demands of a growing human population (Ali, E. H. and 
AbdelɀRaheem, A. I, 2003).  
The adverse impacts on aquatic ecosystems include habitat fragmentation, 
eutrophication, habitat loss, and invasion of pathogenic as well as toxic species. 
Although there is increasing evidence that freshwater fungal diversity is high, the study 
of the biodiversity of freshwater fungi is still in its infancy. Considering the rapid decline 
in freshwater biodiversity, it is timely and necessary to increase our efforts to evaluate 
the diversity and potential ecological function of this fascinating and diverse group of 
freshwater organisms (Reid, and Quinn, 2008).. There are about approximately 1.5 
million fungal species on earth. Of these, only around 3000 species are known to be 
associated with aquatic habitat sand only 465 species occur in marine waters. Aquatic 
fungi and water molds from freshwater sources have been reported to be responsible for 
the infection of aquatic species. Lichtwardt, (2004). Observed that the presence of toxic 
aquatic fungi in water tends to infect aquatic animals, including those that are consumed 
by humans. These fungal species not only affect fish but also fish eggs. The infected fish 
can be seen by observing the change in their physical appearance and inability to  
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produce a protective layer due to the damage caused by the toxic substances secreted by 
fungi. (Mohamed, D. J. and Martiny, 2011). 
 
Aim of the study  

This aim of this study is to isolate, identify and determine The Physico chemical 
Properties    of Water and Sediment of Aquatic Fungi Detection in Lagos Lagoon.. 

Objectives of the study  
i.  To isolate and identify aquatic fungi in both water and sediment of five 

sampled stations along Lagos Lagoon 
ii.  To determine the physiochemical properties of the water and sediment 

samples of the five sampled station along Lagos Lagoon 
 
 
METHODOLOGY  
Materials and Methods  
Collection of samples  
 
The water and sediment were collected from five (5 ) locations with sampled   stations   
along lagos lagoon namely Bariga water, Ido water, Ogudu greek water, Iyana 
oworoshoki water and Unilag Lagoon water, the  use of vanveeb ɀgrab were used to 
collect the sediment from each location and the GPS to record their latitude and 
longitude. 
 

     
Figure 1: Water and sediment samples collected from   stations 

 
 
 
 
 


