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From The Editor’s Desk… 

As we welcome the New Year 2024, the time has come to work together for creating a sustainable 
and environment-friendly earth around us by making the most of this recovery phase. New policies 
are being formulated for improving air, soil and water quality which will further improve the health 
status of public as well as the environment quotient. Undoing the economic losses and health crisis 
incurred in the past two years, by implementing more responsible actions will be the main pledge. 

One important aspect of the 75th year of Indian independence under 'Azaadi ka Amrit Mahotsav' 
theme has been designated as repurposing natural compounds for therapeutic functions by 
harnessing the vast knowledge about traditional medical systems available in our ancient texts. 
Also, another major focus will be necessitating agricultural reforms in order to reduce gaps in crop 
production, while ensuring benefits of farmers, who are one of the most important pillars of nation-
building. 

In view of this, all of us have to act more responsibly by 'life management' such that we move a step 
closer towards achieving the goal of sustainability, as suggested by The United Nations.

Striving to achieve the aforesaid, The International Journal of Environment and Health Sciences 
(IJEHS) proposes to provide a reliable platform to discuss relevant technologies and strategies. 
IJEHS will be quintessential to academicians, industry professionals and researchers who are 
actively engaged in the areas of environmental issues and related health effects. We are pleased to 
inform that ISSN for IJEHS is available as 2582-5283. IJEHS is referenced in Crossref, the official 
Digital Object Identifier Agency (doi 10.47062). IJEHS is now also indexed in the International 
Scientific Indexing (ISI).

We invite original research articles, short communications and critical reviews directed towards an 
academic, clinical and industrial audience. The first section of the journal focuses on burning 
environmental issues like pollutants and their fate, waste management, resource conservation, 
remediation technologies, etc. The second section includes all topics relevant to physiological 
impact of environmental risk factors and application of alternative medicinal approaches as 
remedial measures. Detailed scope can be found in the home page of the journal 
(www.stenvironment.org/journals). Notes on development of any novel and validated strategy or 
tool to address environmental challenges are welcome. Discussion on proceedings of conferences 
conducted on environmental themes and related health aspects will also be considered.

All submissions will be meticulously scrutinized by pioneers in the field to ensure publication of 
only articles of high quality and relevance. Authors are requested to take special precautions to avert 
plagiarism and redundancy. It is high time that we realize the gravity of circumstances and take 
potent steps to undo the adversities already triggered. In this pursuit, IJEHS expects to be the ideal 
platform to discuss sustainable ideas and potential solutions.

We thank all authors who have contributed to the journal and have consistently been with us in the 
past years. With this, I wish all our readers a Very Happy New Year, 2024 and I hope our audience 
and patrons shall come together in this effort to promulgate their part in resurrecting our valuable 
environment.

Dr. Kshipra Misra 
Executive Editor-In-Chief

International Journal of 
Environment  and  Health Sciences
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Abstract
With 24% of its land area covered by forests, India ranks tenth in the world in terms of total forest area, 
making up 2% of the world's total. India, home to 1.428 billion people, faces the difficult task of 
maintaining its unique wilderness to safeguard biodiversity. The main causes of the decline in 
biodiversity are human activities associated with the utilization of forest resources. One of the 
seventeen countries with the highest level of biodiversity, India uses three different land management 
strategies to conserve its natural resources: biosphere reserves, which include protected areas, 
adjacent forest areas, and rivers, protected areas (like National Parks and Sanctuaries), and private 
lands (like agricultural lands and community conservation areas like sacred groves). Forest patches 
preserved for cultural and religious purposes are known as sacred groves. These forest fragments, 
numbering over 100,000, are revered as sacred spaces that serve as critical refuges for biodiversity. 
This article delves into the profound significance of sacred groves, highlighting their contribution to 
conservation, the escalating threats they face from modernization and resource demands, and the 
urgent need for robust management strategies to ensure their continued protection.

SACRED GROVES OF INDIA: BASTIONS OF BIODIVERSITY 
CONSERVATION IN A CHANGING WORLD
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1. INTRODUCTION
The loss of productivity and ecological stability brought on 
by widespread species extinctions is causing an alarming 
decline in global biodiversity, which in turn is changing the 
processes within ecosystems. The loss of biodiversity causes 
ecosystems to become less productive, and increasing human 
pressure has changed the majority of natural environments 
worldwide. The most secure havens for animals and the 
cornerstones of biodiversity protection are believed to be 
protected areas (Bruner et al., 2001).  A growing number of 
Indian anthropologists, botanists, traditional medicine 
experts, and environmental nongovernmental organizations 
(NGOs) have expressed a great deal of interest in the 
phenomenon known as "sacred groves," which are small 
forests or stands of trees whose produce is reserved for a 
deity's exclusive use (Kent, 2013). Often called sacred 
groves, sacred forests are places of cultural significance. 
Sacred forests, often called sacred groves, are places 
associated with religious and cultural beliefs. Indigenous 
cultures around the world have revered and inherited nature 
from their predecessors since the beginning of time. These 
areas of a forest were thought to be home to spiritual beings, 
and it was forbidden to carry out commonplace tasks like 
felling trees, gathering plants, wood, and leaves, fishing, 
hunting, grazing domestic animals, lowing, or harvesting 
crops, and constructing regular homes (Hughes and Swan, 

1986). Dietrich Brandis, a German forester and the first 
General Inspector of Forests is credited with coining the term 
"sacred grove" to describe the phenomena of religiously 
motivated forest conservation in India (Brandis,1897).

Sacred groves have been documented in India from the 
Central Indian Plateau, the North-East Himalayan region, the 
Western and Eastern Ghats, the Coastal region, and the 
Western desert. For decades, Indian indigenous people have 
preserved small areas of forest near their towns as sacred 
groves. Grove tradition preserves a wide variety of 
ecosystems as well as its local and regional identities, which 
are reflected in the names, customs, and maintenance of 
groves. There are several regional names for The Scared 
Groves in every Indian state. Some of the names of these holy 
forests in the various Indian states are shown in Figure 1. 
India's sacred groves date back to pre-Vedic times. This 
ancient custom is still widely practiced today and is essential 
to resource conservation. In addition to their cultural and 
spiritual significance, they serve as repositories of the 
region's diversity, protecting its distinctive flora and animals. 
India's sacred woods are made up of a variety of ecosystems, 
such as the rainforests of Karnataka and Kerala's Western 
Ghats, the scrub forests of Rajasthan's Thar desert, and the 
rich biodiversity of the northeastern provinces and parts of 
the western Himalayas (Singh et al., 2017). With their close 
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Sacred groves are excellent indicators of the achievement of 
resource conservation and biodiversity. Many Indians who 
are worried about the consequences of deforestation have 
claimed the sacred groves of India as an ancient indigenous 
ecological heritage in response to the worsening global 
environmental catastrophe (Kent, 2013).   Numerous sacred 
groves were losing their integrity due to mishandled care, 
lack of belief, and changes in social values. People began 
destroying these last remaining areas of native plants as soon 
as the taboo was lifted. There are different degrees of 
annihilation in different sacred woods. Sacred groves in India 
are often portrayed in the environmental discourse as a dying 
tradition, a remnant of ancient knowledge that is being lost as 
Indian civilization grows increasingly industrialized, 
educated, materialistic, and imbricated. This article discusses 
the current risks to sacred groves and highlights the 
importance of appropriate management measures for their 
preservation. It also covers the value of these small forest 
patches as sanctuaries for biodiversity restoration and 
conservation.

2. METHODOLOGY 
This review is a comprehensive search of the literature 
conducted in the following databases; PubMed® (U.S. 
National Library of Medicine, USA), Web of Science® 
(Thomson Reuters, USA), MEDLINE, and Google Scholar, 
with the use of the following search terms; Biodiversity, 
Conservation, Ecosystem services, India, Protected areas, 
Sacred Groves.

memorial grounds (groves created around burial sites, 
cremation grounds, on agricultural land or near the grove of 
the village goddess), temple groves (groves created around a 
temple), and traditional sacred groves (places where the 
village deity resides and is represented by an elementary 
symbol) (Parthasarathy et al., 2020). Every holy grove has a 
different state-wide god and a local name (Figure 1). Apart 

and direct ties to the natural world, indigenous tribes find 
cultural and spiritual importance in sacred groves. People 
who live near or in woods typically use voluntary 
collaboration and group efforts to maintain and conserve 
biodiversity (Rath and Ormsby, 2020). Historically, sacred 
groves have been linked to culture-based conservation 
strategies as shared property resource systems.

Most nations in the world have made the creation of protected 
areas or nature reserves a key component of their biodiversity 
preservation strategies. Various classifications of protected 
places are acknowledged based on the intent and level of 
human exploitation. The most well-known community 
conservation zones, often known as sacred forests, have been 
essential in preserving biodiversity. Sacred groves are areas 
of a biodiversity-rich natural environment that the local 
people set aside for ceremonial purposes. They kept these 
areas pristine because they believed that the presence of 
strong spiritual forces would shield them from disease and 
natural disasters. However, these areas are currently in 
danger due to the waning of traditional beliefs and pressure 
for land (Parthasarathy et al., 2020). The Indian subcontinent 
is severely affected by human influences; for instance, 90% 
of the vegetation cover has been lost in the Indo-Burma 
region, 77% in the Western Ghats–Sri Lanka region, 75% in 
the Himalayan region, and an equivalent amount in the dry 
tropical forests of central India (Singh and Kushwaha, 2008). 
These effects significantly change the ecology and cause the 
extinction of species. 

3.  Sacred Groves: An Overview
Indian culture responded to the need to protect forests by 
creating and maintaining sacred groves and woods. The 
forests have been the source of all South Asian religions and 
cultures not out of fear and ignorance, but rather because of 
ecological understanding (Shiva, 1991). Sacred groves can 
be divided into three categories: burial or cremation or 

Figure 1: Terminology variation of Sacred forests across Indian States.
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world—an estimated 100,000—and these groves may be 
found across many different locations, each with its own 
unique set of cultural customs (Malhotra, 2007). For decades, 
Indian indigenous people have preserved small areas of forest 
near their towns as sacred groves. A network that maintains "a 
sizeable portion of the local biodiversity in areas where it 
would not be feasible to maintain large tracts of protected 
forests" is made possible by the quantity and spatial 
distribution of sacred groves (Gadgil and Vartak, 1975). In 
terms of physical characteristics, it is a small or large plot of 
forest with a temple inside, but in terms of culture, it is 
associated with taboos, myths, and ancestral spirits. These 
central customs appear to play a crucial conservation role in 
preserving biodiversity and have long maintained the 
integrity of sacred forests (Parthasarathy et al., 2020).

connection to the pre-agricultural, hunting, and gathering 
stage of societies (hunter-gatherer people), before humans 
had settled down to cultivate land or raise cattle. This 
connection has been established by Gadgil and Vartak (1975). 
Thus, it is thought that the idea of the primordial forest dates 
back to the pre-Vedic era, which occurred between 3000- and 
5000 years BC. Before the development of religion, tribes 
believed that gods lived in woods, animals, trees, and stones. 
This animism appears to be a way for people to honour and be 
grateful to nature for giving human civilization commodities 

from the fact that their preservation preserves pockets of rich 
and varied flora and fauna in otherwise deforested areas, 
sacred groves throughout different regions have little in 
common (Kent, 2013). Sacred groves are rich in biodiversity, 
hold cultural and spiritual value for the Indigenous tribes that 
look after them, and offer ecosystem benefits to the local 
populations that have defended them for generations all over 
the world (Figure 2). The green lung area of the sacred groves, 
in addition to offering a multitude of physical items, is the 
sole place that can mitigate the destructive effects of pollution 
and deforestation. It serves as a storehouse for oxygen, the 
life gas. Sacred groves are especially crucial for conserving 
water and soil. They increase the soil's stability.

Because of its great geographic and ethnocultural diversity, 
India has the biggest concentration of sacred groves in the 

3.1 Origin and Distribution
In India, forested areas have long been set aside and preserved 
due to the religious convictions of the local communities. 
This practice dates back many centuries. Indian society is 
made up of several cultures, each of which has its customs for 
protecting the environment and the animals that live there. 
India is full of sacred trees, particularly in the areas inhabited 
by native populations. India's first Inspector General of 
Forests, Brandis, admitted that sacred forests existed 
(Brandis, 1897). The sacred groves have a historical 

Figure 2: Illustration depicting the interconnected nature of sacred groves, 
highlighting their influence on diverse societal factors.



consists of variously sized woodland areas with a central 
temple, but their cultural value comes from their connection 
to myths, rituals, prohibitions, and ancestor spirits. These 
ancient customs have been crucial in maintaining the 
integrity of holy groves and have been vital to biodiversity 
conservation and ecosystem management (Parthasarathy et 
al., 2020).

The holy grove is an essential element of the life of the local 
people and goes beyond being just a nature reserve. These 
groves can lessen interactions between people and wildlife 
and serve as corridors as well. In addition to their significant 
function in soil and water conservation, sacred woods are 
frequently the source of numerous water sources. It has often 
been shown that sacred woods have greater species variety 
than nearby places and, in many situations, even more than 
those in similar regions that are under official protection. 
There is also a great diversity of flora of medicinal 
significance in sacred forests. According to Boraiah et al., 
(2003), 60% of the regenerating species (136 out of 241 
species) in five holy woods in Kodagu, Karnataka, India, 
have medicinal significance. In environments outside of 
protected zones, sacred woods provide protection for 
numerous species and a wide range of ecosystems. With an 
emphasis on plant species, numerous sacred forests in India 
have been investigated, mainly to determine their species 
richness. The results show that these woods are richer than the 
surrounding protected areas (Ormsby and Bhagwat, 2010).   
These pieces may be important biodiversity reservoirs and, in 
certain situations, the only surviving natural forests outside of 
protected areas (Parthasarathy et al., 2020). 

(Sachs, 1993). To ensure that the sacred trees continue to be 
protected as both spiritual and subsistence resources, social 
science research projects have investigated the attitudes of 
the local populations toward them (Ormsby, 2013). Sacred 

and benefits (Parthasarathy et al., 2020). Sacred groves can 
be found practically everywhere in India, but the majority are 
said to be located in the Eastern Ghats, which include the 
Coromandel Coast, Northeast India, and the Western Ghats 
(Ray et al., 2014). Sacred groves are mainly located in areas 
that are home to native populations, especially in the states of 
Maharashtra, Kerala, Karnataka, and Tamil Nadu, which are 
situated along the Western Ghats. The states of Arunachal 
Pradesh, Meghalaya, and Manipur are considered to hold the 
majority of sacred groves in northeastern India. About 11669 
sacred groves have been recorded to yet, even though there 
has not been a thorough study of all the sacred groves in the 
nation. According to expert estimates, the real figure may be 
far higher, between 100,000 and 150,000. There is a map that 
displays the locations of India's sacred woods along with an 
approximation of how many there are in each state (Husain et 
al., 2018).

3.2  ECOSYSTEM FUNCTION AND SERVICES
We directly rely on different plant types to meet our diverse 
demands. In the same way, we rely on different animal 
species and microbial species for varied purposes. Our need 
for a variety of foods, raw materials, fuel, etc. is met by 
biodiversity (Husain et al., 2018). Sacred groves are pure, 
biologically rich parts of the natural world that have been 
purposefully conserved by local communities for ceremonial 
purposes that meet a variety of demands (see Figure 3). The 
ecological functions that forest patches offer might have 
served as the driving force behind their preservation. These 
include preserving watersheds, conserving soil, and 
supplying forest products. Because it is believed that these 
groves are protected from disease and natural calamities by 
strong spiritual forces, they are revered. Their physical form 

3.3  Community Perspectives 
The sacred grove is more than just a natural reserve; it is an 
essential component of the lives of those who look after it, 
those who care for it, and other people in the neighbourhood 

Figure 3:  Sacred Grove's potential for bioresources.
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generations of Indigenous knowledge (Khan et al., 2008). 
The species' significance in religion and culture plays a role in 
encouraging both their sustainable use and conservation 
(Sinha and Maikhuri, 1998).

One significant source of a variety of bioresources is sacred 
groves. Sacred groves continue to be valuable providers of 
bioresources, including fruits, fuelwood, medicinal plants, 
fodder, spices, and other items that are valued for their secular 
qualities by the local populations and help to encourage 
sustainable use. Sacred groves play an important role in the 
conservation of medicinal plants because of their species 
diversity and contribution to total individuals. Studies 
conducted not just in India but also in other parts of the world 
have highlighted the ecological and economic value of 
medicinal plants (Parthasarathy et al., 2020; Junsongduang et 
al., 2013). Sacred groves hold significance for conservation 
efforts in India; yet, the biodiversity found within them is 
significantly impacted by the surrounding terrain (Bhagwat 
et al., 2005). Crop production that is compatible with 
biodiversity has been crucial to the sustainable use of the 
bioresources around the holy woods. One of the key 
components of this procedure is the protection of native trees. 

3.5  Current Status and Threats
India is one of the world's twelve mega biodiversity 
countries, home to 25 hotspots inside the world's richest and 
most endangered ecoregion (Myers et al., 2000). Forest 
management is still a difficult undertaking because of the 
growing population, forest degradation, and forest depletion. 
Sacred groves have withstood both the British-initiated 
heavy deforestation and the post-independence upsurge in 
deforestation. Sacred groves are losing ground to the fast-
changing social structures, customs, beliefs, and practices 
that formerly characterized them. Population expansion, 
increased firewood use, increased access to electricity for 
irrigation, and the consequent capacity to cultivate more land 
are the current threats to them (Kent, 2013). Respecting and 
considering the values of the community is essential for the 
effective conservation of sacred woods. One example of a 
community-based approach to landscape-level conservation 
that is carried out and upheld locally is the practice of 
preserving holy forests. People who care for forest shrines 
find themselves more interwoven into larger social networks, 
and their perspectives on and actions in the groves are 
evolving as a result of exposure to new religious concepts. 
Even so, hundreds of areas of forest throughout India are 
shielded from development due to religious taboos (Kent, 
2013). According to recent studies, there is a persistent need 
to utilize the natural resources found in sacred groves, 
including the land and soil there as well as the forest's trees for 
fuel or lumber (Ormsby, 2013). The conventional belief that 
groves are immutable, pristine forests is called into question 
by recent research (Ormsby and Ismail, 2015).  Furthermore, 
the research shows that the locals appear to accept and even 
embrace the degradation and decline of the forested area. 

The movement of spiritual emphasis from the forest to the 
temple has made it easier for commercial plantations to 

woods provide havens for indigenous species and preserve 
ecosystems that are underrepresented in the current protected 
area network. Though many are now disturbed due to human 
activity, these have been described as relict forests and may 
be the only climax vegetation left in a region (Bhagwat and 
Rutte, 2006; Upadhaya et al., 2008). One important factor 
that makes the sacred groves so unusual is their distinct 
ownership and management. Sacred groves are owned and 
maintained by local communities most of the time, but 
occasionally by one or more families or clans (Ormsby, 
2011). Some country homes would rather keep fast to the 
customs and traditions that have preserved the holy forests for 
hundreds of years. However, other stakeholders would prefer 
to use sacred trees for other purposes due to the influence of 
larger cultural, economic, and political pressures.

Ormsby conducted a social science study in the states of 
Meghalaya and Karnataka to find out how the locals felt about 
sacred groves, what kind of management the groves 
practiced, such as limiting the use of resources, and what kind 
of ceremonies were held there (Ormsby, 2013). According to 
the community response data from this survey, people who 
live in sacred groves desire to see the groves stay the same and 
unaltered for all time. By adding more plants and 
safeguarding the current grove, they hope to preserve and 
enhance what is already there. When asked if they thought the 
sacred woodland should be enlarged, most residents said they 
thought the sacred grove should (Ormsby, 2013). 
Additionally, they desire the restoration of the encroached 
sections of the sacred grove. As a commitment, some farmers 
still plant traditional trees in the grove, like Ficus 
benghalensis. There are still many sacred groves in both 
regions where communities maintain limits on the use of 
resources and perform rituals; however, in Karnataka, 
ceremonies related to sacred groves are held far more 
frequently than in Meghalaya (Ormsby, 2013).

3.4 Biodiversity, Bioresources, and Sustainable 
Utilization
It is commonly known that sacred groves are crucial for 
maintaining biological diversity. Numerous plant and animal 
species that are found in the sacred grove are essential to the 
preservation of biodiversity. A wide range of therapeutic 
plants, fruits, fodder, fuelwood, spices, and other items can be 
found in sacred groves. Some of the biological types that 
inhabit the sacred grove are unique to that area of the nation 
and cannot be found anywhere else. Because it can withstand 
any quantity of rain, the forest cover acts as a buffer and 
storage reservoir for recycled water. Sacred groves offer 
multiple ecosystem services, including lowering the erosive 
force of water, conserving soil, preserving the hydrological 
cycle, supplying desired-quality water, and naturally 
dispersing seeds of beneficial species. The sacred groves also 
contribute to the preservation of the ecosystem's desired 
health, lessen habitat destruction, protect viable populations 
of pollinators and predators, act as a potential source of 
propagules needed to colonize wastelands and fallow areas, 
preserve Indigenous flora and fauna, and uphold the moral 
and cultural norms that have been cultivated through 
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awareness among the populace (Kandari, 2014). Taboos are 
the unwritten, oral traditions that have been passed down 
through society that dictate acceptable behavior. Many floras 
and animals in India's rural areas have religious importance; 
they represent cultural values that are deeply rooted in the 
lives of tribal tribes. These holy convictions are essential to 
preserving the existence of threatened forest animals 
(Pandey, 2003). Due to the enormous variance in various land 
rights systems inside sacred groves, no one method works for 
all sacred grove management situations worldwide. For 
instance, forest ownership differs between and within the 
states of India (Parthasarathy et al., 2020). Seeking the 
people's involvement is vital to guarantee the Sacred Groves' 
vital conservation and maintenance. Maintaining the 
integrity of these trees and strengthening their inherent 
uniqueness requires educating and advising the nearby 
village communities. Together, we can protect these priceless 
natural regions for future generations. 

4. CONCLUSION
Sacred groves are pristine forest regions with significant 
ecological value that are recognized for supporting a wide 
variety of species, particularly uncommon, threatened, and 
endangered ones. Regrettably, encroachments and changes in 
land use have increased risks to these groves and their 
fragmentation. Since sacred groves represent harmony and a 
deep connection with nature, a complete conservation 
approach that integrates traditional, scientific, and cultural 
methodologies is recommended, given the unique ecological 
and biological value of each grove. There will always be 
natural habitats in India mixed in with human-dominated 
landscapes, and to maintain the diversity of our biodiversity, 
we must resolve conflicts on the edges and guarantee strong 
protection of the central regions. The loss of biodiversity is 
mostly caused by human activity, which also modifies 
species composition, richness, diversity, and abundance. A 
comprehensive comprehension of human influences is 
essential for efficiently managing protected areas. While 
there are still some protected places that are entirely 
unaltered, reducing human intervention within them is 
crucial to their continued existence.
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Abstract
The issues of sewage disposal and contamination of surface waters in lakes are rapidly 
rising due to urbanisation, technological advances, and growing populations. Over the 
past few decades, the water quality of Dal Lake has experienced significant 
degradation, rendering it unsuitable for domestic consumption and diminishing its 
visual appeal. This report aims to provide an overview of the current state of water 
quality in Dal Lake. Water quality can be evaluated using various physio-chemical and 
biological indicators such as turbidity, pH, taste, odour, iron, fluoride, total dissolved 
solids (TDS), conductivity, nitrate, phosphorus, biochemical oxygen demand (BOD), 
chemical oxygen demand (COD), and coliform bacteria. Water samples were 
randomly sampled from several locations in Dal Lake, spanning from Dal-gate to 
Hazratbal. Based on the test findings and data, we observed that majority of the lake's 
surface is covered by weeds. This is caused by a high concentration of nitrate and 
phosphorus, which leads to the siltation of the lake water. Bacteriological 
contamination was found along the entire span of Dal Lake. The primary factor 
contributing to the diminished water quality of the lake is the introduction of untreated 
sewage, detergents, and runoff from floating gardens and houseboats. Focus group 
discussions were held with participants and some awareness programmes were also 
held to educate the people on the lakes degradation and suggestions for improving the 
same. 

A RECENT STUDY OF WATER QUALITY OF DAL LAKE IN SRINAGAR J&K
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1. INTRODUCTION
The Dal Lake in Kashmir, is known as the "Liquid heart" of 
Srinagar, the capital city of the Union Territory of Jammu and 
Kashmir. The lake is plagued by numerous ailments primarily 
caused by human encroachments both around its edges and 
within its waters. The lake is currently experiencing 
significant environmental issues, such as the large influx of 
untreated residential sewage, continual accumulation of 
sediment, leading to unpleasant algal blooms and excessive 
weed growth, deterioration of water quality, and decline in 
biodiversity. Dal is a body of water located in Srinagar, which 
serves as the summer capital of Jammu and Kashmir. The 
urban lake, known as the "Jewel in the crown of Kashmir" or 
"Srinagar's Jewel," plays a crucial role in tourism and 
relaxation in the region of Kashmir. The lake serves as a vital 
resource for economic activities such as fishing and water 
plant harvesting. 

Water testing is essential for monitoring the operations of 
water supply, assuring the safety of drinking water, detecting 
disease outbreaks, validating procedures, and implementing 
preventive measures. To assess the safety of drinking water, it 
is necessary to employ water quality testing methods either at 
the point of origin, inside a piped distribution system, or at the 
final consumer's location. Water quality surveillance and 
drinking water quality monitoring are distinct yet interrelated 
endeavours. The Dal Lake, spanning approximately 15.5 
kilometres, is surrounded by a boulevard adorned with 
Mughal era gardens, parks, houseboats, and hotels. It serves 
as the primary water source for a significant part of Srinagar 
city. 

The shore side Mughal gardens, including Shalimar Bagh and 
Nishat Bagh, constructed during the rule of Mughal Emperor 
Jahangir, offer picturesque vistas of the lake. Additionally, 
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the lake can be admired from houseboats sailing in vibrant 
shikaras. In the winter season, the temperature occasionally 
drops to as low as −10 °C, causing the lake to freeze. The 
floating gardens, referred to as "Raad" in the Kashmiri 
language, flourish with lotus blooms in the months of June, 
July, and August. The wetland is partitioned by causeways 
into four basins: Gagribal, Lokut Dal, Bod Dal, and Nagin 
(although Nagin is also regarded as a distinct lake). Lokut-dal 
and Bod-dal both possess a central island, referred to as Rup 
Lank (or Char Chinari) and Sona Lank respectively. Dal Lake 
is intimately linked to houseboats, which serve as lodging 
options for tourists in Srinagar. The Hanjis, who have 
inhabited the Dal for millennia, have developed such a 
comprehensive infrastructure within the lake that they hardly 
need to venture onto land (Fazal & Amin, 2012) Dal Lake is 
important due to its strategic location and unique physical 
characteristics. A number of tourist attractions have been 
constructed around its border, including as the Mughal 
gardens, Nishat gardens, Shalimar gardens, Cheshma Shahi, 
Naseem Bagh, Pari Mahal, Botanical Garden, and several 
religious temples like Hazratbal and Shankaracharya temple. 

Dal Lake, being a lake located in an urban area, has 
experienced changes in its surface water content due to the 
discharge of waste from municipalities and households. This 
has resulted in an increase in eutrophication of the reservoir 
(Hutchinson, 1999). In addition, high rates of the formation 
of sediments caused by widespread soil erosion resulting 
from degradation and intrusion by the neighbouring 
populace, have significantly decreased the volume of the lake 
(Chakrapani, 2002). The lake functions as a vital source of 
potable water and for griculture, fishing, recreational 
activities, and ecotourism. The biodiversity of lakeshore 
ecosystems is presently endangered by several human 
disturbances, with the most significant ones being elevated 
nutrient load, contamination, pH imbalances, and the 
introduction of non-native species (Bronmark and Hansson, 
2002). The ecological strain on the ecosystem is evidenced by 
the decline in water quality and the heightened levels of 
biological productivity. Urbanisation generates significant 
amounts of pollutants and diminishes the ability of water to 
infiltrate the ground, resulting in increased surface runoff. 
Pollutants originating from urban land uses are more 
susceptible to being carried by runoff from the surface 
compared to pollution from other types of land applications. 
In their study, Kanakiya et al. (2014) examined the Water 
Quality Index of Dal Lake for all four basins during summer, 
winter, and monsoon seasons. They concluded that the water 
was unsuitable for consumption. Ahamad et al. (2023) 
performed a comparative evaluation of the water quality in 
Dal and Nigeen Lakes in Jammu and Kashmir, India. Their 
study emphasises the need for efficient water management 
techniques and conservation initiatives to safeguard the water 
quality of these lakes.

The Dal Lake is contaminated by sewage systems originating 
from nearby hotels, houseboats, and various small- and large-
scale operations due to its passage through multiple locations 

within the city. This study was conducted on the Dal Lake, 
and five sampling locations were selected randomly, starting 
from Dal Gate and extending up to Dargah Hazratbal. An 
awareness program was also conducted for the residents 
living around Dal Lake and houseboat owners, focusing on 
the importance of cleaning and maintaining the water quality 
of Dal Lake. The program aimed to educate and involve the 
local community in preserving the lake's ecosystem, which is 
vital for both the environment and the livelihood of those 
dependent on the lake.

2. OBJECTIVES 
The objectives of the present study were to:

l analyze the water quality at various points of Dal Lake, 
Srinagar.

l identify the reasons for the difference in the analyzed 
parameters.

l understand the public opinion through focus group 
discussions.

Based on the study results recommendations for 
improvement in the water quality can be suggested.

Study Area and Sampling
The Dal lake's shoreline, spans approximately 15.5 
kilometres. 

Water Sampling Spots from Dal Gate to Dargah 
Hazratbal
Water sampling along the stretch from Dal Gate to Dargah 
Hazratbal is critical for monitoring the quality and health of 
Dal Lake. This route covers diverse areas of the lake, each 
with distinct characteristics and varying degrees of human 
impact.

o Dal Gate: This is one of the primary outlets of Dal Lake, 
where water is regulated and flows out towards the 
Jhelum River. Due to its proximity to urban areas, Dal 
Gate often experiences higher levels of pollution from 
sewage and waste discharge. Regular sampling here is 
essential to assess the impact of urban runoff on the lake's 
water quality.

o Nehru Park: A popular tourist spot, Nehru Park is 
surrounded by houseboats and shikaras (traditional 
wooden boats). Water sampling in this area helps in 
evaluating the impact of tourism and houseboat 
activities on the lake's ecosystem.

o Char Chinar: This small island, with its iconic Chinar 
trees, is located towards the center of Dal Lake. 
Sampling here provides insights into the central part of 
the lake, where water quality may be influenced by a mix 
of natural processes and human activities from 
surrounding areas.

o Nigeen Lake: Connected to Dal Lake, Nigeen Lake is 
often considered a separate water body due to its 
relatively cleaner water (Mukhtar et al. 2014). Sampling 
in this area is important for comparing the water quality 
between the two interconnected lakes and understanding 
how activities in Dal Lake might affect Nigeen.
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o Hazratbal: Near the northern end of Dal Lake, 
Hazratbal is a significant religious and cultural site. The 
area sees a mix of pilgrimage-related activities and local 
residential influence. Water sampling near Dargah 
Hazratbal is crucial for assessing the combined impact of 
religious activities and local habitation on the lake's 
water quality.

Mineralogy and Rock Types in the Area
The Dal Lake area, including the region extending from Dal 
Gate to Dargah Hazratbal, is geologically part of the Kashmir 
Valley, which is characterized by a complex assemblage of 
rock types and mineral deposits. The surrounding hills and 
mountains are primarily composed of:

o Limestone: The dominant rock type in the area is 
limestone, particularly in the Zabarwan Range that 
overlooks Dal Lake. This sedimentary rock is rich in 
calcium carbonate and contributes to the slightly 
alkaline nature of the lake's water. The weathering of 
limestone influences the mineral content of the water, 
particularly in terms of calcium and magnesium ions.

o Shale: Shale layers are also present in the region, 
particularly in the valley surrounding the lake. These 
fine-grained sedimentary rocks are rich in clay minerals 
and can contribute to the sediment load in the lake, 
especially during the rainy season when runoff 
increases.

o Sandstone: Sandstone deposits are found in some parts 
of the Kashmir Valley, including areas near Dal Lake. 
The sandstone here is generally composed of quartz and 
feldspar minerals, which are resistant to weathering and 
contribute to the coarser sediment fraction in the lake's 
deposits.

o Glacial Deposits: The Kashmir Valley has been shaped 
by glacial activity, leaving behind moraines and glacial 
till. These deposits, composed of a mix of rock types, 
contribute to the varied mineralogy of the sediments 
found in Dal Lake.

The interaction between these geological formations and the 
water of Dal Lake plays a significant role in determining the 
mineral content and overall chemistry of the lake's water. 
This, in turn, affects the aquatic life and the health of the lake's 
ecosystem.

The present study was carried out for the water quality 
assessment of Dal Lake. The study is based on primary and 
secondary sources of data. The primary information was 
collected from random sampling and testing in the laboratory. 
The present study is an attempt to examine the water quality 
in Dal Lake. The present research work is based on intensive 
fieldwork. The data and information were gathered from 
various sources. Inferences were drawn based on personal 
field survey and other field works and observations. Based on 
the random sampling method, the locations were classified 
based on the quality of water i.e., from every corner of the 
lake area, including the central part (Figure 1). The primary 
data thus gathered was processed, classified and quantified 
using MS-excel graphs. . Regarding water quality of the Dal 
Lake from different sources, the recent data was collected 
from the department of Jal Shakti Kashmir, Department of 
Lakes and water ways development authority (LAWDA), 
Srinagar municipal corporation (SMC), Srinagar 
development authority (SDA). Also data was obtained 
through discussions with the awareness among locals living 
around Dal Lake and among hanjis regarding degradation of 
the lake. 

Figure 1: Map of sampling sites at different locations of Dal Lake, Srinagar, Kashmir

10 Ruhail Maqbool Sheikh and Sushmitha Baskar



3. Methodology

3.1 Sample collection
Water samples were taken from Dal Lake at various locations 
detailed in Table 1. We chose these points for sampling 
because some points have occupied large areas with several 
houseboats resulting in more pollution where some areas are 
less affected, few other sites are heavily populated and have a 

3.2 Physicochemical and Biological analysis 
The samples were collected from April 2024 to July 2024. 
Standard methods were used to investigate the 
physicochemical and biological parameters. pH (Digital pH 
meter Eutech), Turbidity, Total dissolved solid (TDS) was 
determined by (Digital meter Eutech), Electrical 
conductivity (EC) (Digital EC meter Eutech). Fluoride, Iron, 
Nitrate, Sulphate, Chloride, photo spectrometer E. coli by 

3- 2+H S Vials. Total Alkalinity (TA) as HCO  , Calcium (Ca ), 2
2+Magnesium (Mg ) Total hardness (TH), chloride (Cl), was 

2-estimated by standard titrimetry. Sulphate (SO ) by 4

greater impact on the water quality. Some points have become 
contaminated because of increased drainage systems that 
flow directly or indirectly into the dal lake. Field test kits were 
used to analyze samples on the spot from all the sites. The 
samples were collected using the grab sampling method. All 
samples were collected in 1.5 litre sterile bottles, transported 
to the lab, and processed within 1- 2 days.

2-turbidometry, Nitrate (NO ) by UV-VIS spectrophotometer. 3

Standard methods such as APHA (2017) and BIS were used in 
the analysis (2012). Field Test Kits were utilized for on-the-
spot examination, and additional methods included photo 
spectrometric methods, turbidity and pH were measured 
using electrometric methods. As a result, the results were 
obtained using either digital meters or the colour comparison 
approach. Figure 2, 3 and Table 2 shows the sample 
collection, various water quality parameters analysed and the 
methods employed.

Table 1: Location of sampling sites.

S. No Name of Location and Location Code Latitude Longitude
 sampling points

1. Dalgate A 34.0985 74.8761

2 Nehrupark B 34.1251 74.8782

3 Charchinar C 34.1032 74.8667

4 Nigeen D 34.1182 74.8317

5 Hazratbal E 34.1289 74.8425

Figure 2: Instruments used, and methods employed.
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3.3 Focused Group Discussion (FGD)
This aimed to gather insights, opinions, and suggestions from 
various stakeholders involved in or affected by the condition 
of Dal Lake. The discussion focussed on understanding the 
current state of the lake, identifying challenges, and 
exploring effective measures for cleaning and maintaining 
water quality. A questionnaire was framed for the discussion 
and participants were asked about the general perception and 
other specific questions regarding the deterioration of the 
lake. The questionnaire is given below.

Questionnaire:
1. General Perception:

o What is your overall perception of the 
current state of Dal Lake?

o How do you believe Dal Lake has changed 
over the past few years?

2. Personal and Community Involvement:
o What steps are you personally taking to 

help clean and maintain the quality of Dal 
Lake water?

o How is your community or organization 
involved in preserving Dal Lake?

o What motivates you or your community to 
participate in these efforts?

3. Awareness and Education:
o How informed do you feel about the 

environmental issues affecting Dal Lake?
o What educational resources or programs 

have you participated in regarding Dal 

Table 2: Water quality parameters analysed and methods employed.

Parameters Methods Adopted Equipment used

pH Electrometric method pH meter

Turbidity Nephelometric method Turbidity meter

Odour Threshold water test Burette

Taste Flavour Rating Assessment Beaker

TDS Electrometric method TDS/Conductivity meter

Electrical Conductivity Electrometric method TDS/Conductivity meter

Fluoride (as F) (SPADNS) method UV-Visible Spectrophotometer

Nitrate (as NO ) Chromotropic acid method UV-Visible Spectrophotometer3

Iron (As Fe) UV-Visible Spectrophotometer UV-Visible Spectrophotometer

Chloride (as Cl) Argentometric method Burette

Sulphate (as SO ) Turbidimetric method UV-Visible Spectrophotometer4

E. coli H S vial test Bacteriological Incubator2

Figure 3: Sample collection at various points.

12 Ruhail Maqbool Sheikh and Sushmitha Baskar



Lake conservation?
o How do you think awareness can be 

increased among the general public?
4. Challenges and Grievances:

o What challenges do you face in your efforts 
to clean and maintain the lake?

o Are there any grievances or concerns you 
have regarding the current conservation 
efforts?

5. Government and Organizational Support:
o How do you perceive the role of 

government and NGOs in the conservation 
of Dal Lake?

o What support have you received from 
government agencies or NGOs?

o What additional support do you believe is 
necessary from these entities?

6. Impact of Tourism:
o How do you think tourism affects the water 

quality and overall health of Dal Lake?
o What measures can be taken to balance 

tourism with conservation efforts?
7. Houseboat Owners and Residents:

o What practices are houseboat owners and 
lakeside residents adopting to minimize 
pollution?

o How do you manage waste disposal from 
houseboats and lakeside homes?

o What support do you need to improve 
waste management practices?

8. Suggestions for Improvement:
o What new initiatives or strategies would 

you suggest to further improve the quality 
of Dal Lake?

o How can the local community be more 
effectively involved in the conservation 
process?

o What role can schools, religious 
institutions, and local businesses play in 
this effort?

9. Future Outlook:
o What do you envision for the future of Dal 

Lake if current conservation efforts 
continue?

o How can we ensure the long-term 
sustainability of Dal Lake?

Random Questions:
1. How do you feel when you see pollution in Dal 

Lake?
2. What do you think are the main sources of pollution 

in Dal Lake?
3. How can we involve more youth in the conservation 

of Dal Lake?
4. What do you think about the current regulations on 

waste disposal near the lake?
5. How do seasonal changes affect the lake, and what 

can be done to mitigate these effects?
6. Do you think the current awareness programs are 

effective? Why or why not?
7. How do religious practices and rituals impact Dal 

Lake, and how can we manage this respectfully?
8. What role do you think traditional knowledge and 

practices play in the conservation of Dal Lake?

General Perception:
1. What is your overall perception of the current state 

of Dal Lake?
2. How do you believe Dal Lake has changed over the 

past few years?
Personal and Community Involvement:

1. What steps are you personally taking to help clean 
and maintain the quality of Dal Lake water?

2. How is your community or organization involved in 
preserving Dal Lake?

3. What motivates you or your community to 
participate in these efforts?

Awareness and Education:
1. How informed do you feel about the environmental 

issues affecting Dal Lake?
2. What educational resources or programs have you 

participated in regarding Dal Lake conservation?
3. How do you think awareness can be increased 

among the general public?
Challenges and Grievances:

1. What challenges do you face in your efforts to clean 
and maintain the lake?

2. Are there any grievances or concerns you have 
regarding the current conservation efforts?

Government and Organizational Support:
1. How do you perceive the role of government and 

NGOs in the conservation of Dal Lake?
2. What support have you received from government 

agencies or NGOs?
3. What additional support do you believe is necessary 

from these entities?
Impact of Tourism:

1. How do you think tourism affects the water quality 
and overall health of Dal Lake?

2. What measures can be taken to balance tourism with 
conservation efforts?

Houseboat Owners and Residents:
1. What practices are houseboat owners and lakeside 

residents adopting to minimize pollution?
2. How do you manage waste disposal from 

houseboats and lakeside homes?
3. What support do you need to improve waste 

management practices?
Suggestions for Improvement:

1. What new initiatives or strategies would you 
suggest to further improve the quality of Dal Lake?

2. How can the local community be more effectively 
involved in the conservation process?

3. What role can schools, religious institutions, and 
local businesses play in this effort?

Future Outlook:
1. What do you envision for the future of Dal Lake if 

current conservation efforts continue?
2. How can we ensure the long-term sustainability of 

Dal Lake?

4. RESULTS AND DISCUSSION
Water is a crucial resource that is necessary for the survival of 
humans, as well as for the production of goods. The 
foundation and continuity of social and economic 
advancement rely on this vital resource (Taiwo et al. 2012). 
Uninterrupted and convenient availability of clean and high-
standard water is an essential entitlement of every individual 
(Corcoran et al. 2010). The United Nations General 
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Assembly (UNGA) has identified the provision of clean 
water and sanitation for all as one of the key objectives to be 
accomplished by 2030 for sustainable development (UN, 
2018). The quality of water is determined by its physical, 
chemical, biological, and visual characteristics. These factors 
are used to assess its suitability for various purposes, such as 
safeguarding people's health and maintaining the health of 
the aquatic environment. The qualities of water are primarily 
affected by substances that are either dissolved or suspended 
in it. Water quality can be altered by both natural processes 
and human intervention (DWA, 2010; Hubert and 
Wolkersdorfer, 2015).

The samples for the present study were analysed and were 
compared to the permissible limit given by the IS: 2296 and 

4.1.  pH
According to water quality standards, the pH limits 
should be 6.5 - 8.5. The pH values for all the samples 
were above 7.0 at all points (Figure 4). The pH of all the 
samples was found to be within the BIS range of 6.5 to 
8.5. Samples were mostly neutral. The pH from A to E 
points were normal. The pH limit for drinking water is 
6.5 to 8.5. Majority of the samples most of the time 
showed more than a pH of 8 (Table 1). Similar results 
were reported by other researchers on the dal lake. 
Therefore, the pH fluctuated from 7.8 to 8.5. In lakes 
the occurrence and abundance of components of 
carbonate system and the pH are determined primarily 
by current and chemical nature of the substrate. The 
pH greatly affects the biogeochemistry in aquatic 
ecosystems, such as growth of fishes and aquatic 
plants. Because most of their metabolic activities are 
pH dependant, pH has an impact on aquatic species.

the Central Pollution Control Board (CPCB). A wide range of 
physico-chemical and biological characteristics were studied 
at these places, along with the comprehensive findings. 
Significant amounts of rubbish are indiscriminately 
discarded in various locations by visitors, houseboats, and 
through drainage systems. This poses a significant issue for 
the residents living in proximity to these sites and houseboats. 
The lake is contaminated by different types of waste 
materials, such as weeds and organic trash originating from 
nearby locations and marketplaces. These waste materials 
accumulate and create rubbish mounds at various locations, 
leading to pollution. Thirteen parameters were checked for 
Dal Lake in the water testing laboratory as well as on spot. 
The results obtained are given below in table 3.

Table 3: Water Testing Report of Dal Lake.

Sr. No Parameter Unit Sample  Sample  Sample  Sample  Sample  MEAN
  Site A Site B Site C Site D Site E

1. pH - 7.8 7.7 8.3 8.2 8.5 8.38

2. Turbidity NTU 25.95 20.00 27.59 33.62 29.20 32.672

3. Odour mg/l O O O O O 

4. Taste mg/l O O O O O 

5. TDS mg/l 105.4 110.1 119.5 97.4 160.5 118.58

6. Conductivity µs/cm 219.3 260.2 199.3 187.4 178.5 208.94

7. Fluoride (as F) mg/l 0.00 0.01 0.00 0.01 0.00 0.004

8. Nitrate (as NO ) mg/l 10 05 10 10 05 8.003

9. Iron (As Fe) mg/l 0.00 0.01 0.00 0.01 0.00 0.004

10. Chloride (as Cl) mg/l 10 05 15 10 20 12.00

11. Sulphate (as SO ) mg/l 0.10 0.50 0.80 0.30 0.10 0.364

12. Hardness mg/l 200 180 210 250 160 200

13. Alkalinity mg/l 150 110 140 130 120 130

14. E. coli MPN Positive  Positive  Positive  Positive  Positive  -

15. Residual Chlorine mg/l Raw Raw Raw Raw Raw -

Objectionable

Figure 4: pH of the samples analysed.
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4.2.  Turbidity
The samples were tested for their turbidity, and it was 
observed to be high and exceeds the permissible limits 
at almost all points (Figure 5). At point A it was 25.95 
NTU and it was above 25 NTU at points C, D, and E but 
remains above 20 NTU at all points up to point E. At 
point A the turbidity was noted as (25.95), B (20.0), C 
(27.59), D (33.62), E (29.20) NTU. Hence, turbidity was 
above permissible limit at all points (Table 2). The 
normal range of turbidity as per BIS is that it should 
not exceed 5NTU.The higher turbidity values indicate 
pollution and contamination of the waters.

4.4 Conductivity: 
This served to assess the purity of water and the 

conductivity was not more than 260 and not less than 

170 thus, average conductivity was around 208.9 us/ 

cm (Figure 7). A high level of conductivity may 

indicates the pollution status of the lake as well as 

trophic levels. 

4.6. Nitrate:
Nitrate was estimated using a UV-Visible 
Spectrophotometer. Nitrogen and phosphorus are 
important factors in an aquatic ecosystem and play a 

Figure 5: Turbidity of the samples analysed.

Figure 7: Conductivity of the samples analysed.

4.3  TDS: 
High concentrations of total dissolved solids (TDS) 
was observed at site E with 160.5 mg/L. This may be 
due to saprophytic substances due to the 
decomposition of aquatic plants and animals. The 
lowest value of TDS was 97.4 mg/L at site D (Figure 6). 
The rainwaters may have a role in this decrease of TDS 
concentration during monsoon.

4.5.  Fluoride:
Fluoride was also determined spectrophotometrically. 

Fluorides in the water samples were present within 

permissible limits (Figure 8). It did not go above 0.5 at 

all points (Table 2). The permissible limit for fluoride is 

0.5-1.5 mg/l as per BIS and WHO. Very low levels of 

fluorides can lead to deficiency and health effects such 

as dental caries and higher levels can lead to bone 

deformities and mottling of the teeth.

key role in the productivity of an aquatic habitat. 
Nitrates were present within the permissible limits at 
all points throughout the period of study. The 
maximum permissible limit of Nitrate is 40 mg/l. 

Figure 6: TDS of the samples analysed.

Figure 8: Fluoride content of the samples analysed.
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Almost all the samples had nitrate levels of nearly 05-
10 mg/l (Figure 9).

Figure 9: Nitrate content of the samples analysed.

Figure 10: Chloride content of the samples analysed.

4.11. Alkalinity is the capacity of water to neutralize 

acid. It is a measure of bicarbonates, carbonates and 

hydroxides present in water. Alkalinity was found to 

be within permissible limit. Total alkalinity of all the 

samples was not found to be higher than permissible 

Figure 12: Hardness of the samples analysed.

value (200mg/l & 600mg/l) suggested by BIS as well as 

WHO. At point A Alkalinity was found (150). B (110), 

C(140),D(130),E(120) mg/l (Figure 13).

4.7. Iron:

Iron was also determined spectrophotometrically. Iron 

in the water samples was zero at all points (Table 2). 

Hence the water was free from iron content at all points 

of the study area. The permissible limit for iron is up to 

1 mg/l as per BIS and WHO.

4.8. Chloride:

Highest concentrations of chloride of 20 mg/L was 

reported at site E (Figure 10). The high chloride 

concentrations indicate the presence of organic matter. 

The lowest value of chloride was 05 mg/L at site B. It 

may be possible that during the rains dilution of lake 

can occur. Similar values between 15 -28 mg/L were 

reported in Dal lake by Samie and Khan, 2022).

4.9. Sulphate
Sulphate concentration was analysed through 
spectrophotometer as well as on spot using Field Test 
Kit Sulphate was found within the permissible limits at 
all sampling points (Figure 11). At point A, sulphate 
was observed as 0.10 mg/l. The points at B,C,D and E 
recorded almost similar values of sulphate 
concentrations from 0.1 and 0.8 mg/l (Table 2, Figure 
4). The higher values may be due to municipal waste 
effluents and agricultural run-off.

4.10.  Hardness. 
Total hardness of all the samples was found to be 
within permissible limit. Average total hardness of 
most of the samples in the study area was found to be 
higher than 150mg/l indicating that the water is 
hardwater. Total hardness in most cases is always 
higher than 200mg/l which is the permissible limit by 
BIS as well as WHO standards. At point A Hardness 
was found (200). B (180), C (210), D (250), E (160) mg/l 
(Figure 12). 

Figure 11: Sulphate content of the samples analysed.
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4.12. Residual chlorine the value of residual chlorine 

at all points was 0mg/l. 

4.13. Taste & Odour Taste and Odour was 

Objectionable at all points.

4.14. Total coliforms
Bacteriological contamination was found at all points 

(Table 2). The reason for the bacteriological 

contamination may be that at most of the places all the 

waste products, animal debris, drainage waste, were 

thrown to the Dal Lake which has resulted in the 

biological contamination of all samples. Bacteriological 

parameters were analysed using H S Vial.2

The results suggest that the lake is polluted with 

respect to the biological wastes which affect the 

overall water quality and dissolved oxygen in the lake. 

Several reports have studied the lake on different 

aspects. Samie and Khan (2022) observed higher 

values of concentration of major elements in the Dal 

lake nearer to the sewer drains, restaurants and other 

commercial activity areas. Similar observations of the 

lake degradation was reported by Kumar et al. (2022). 

Heavy metal contamination causing toxicity in the Dal 

Lake has been reported by several researchers 

(Mukhtar and Chisti, 2018; Shah et al. 2021). 

Discharges and releases of untreated water from 

houseboats and motorboats have contaminated the 

lake with hydrocarbons and heavy metals (Kumar et al. 

2022).

4.13  Findings of the Awareness Program:
Dal Lake is not only a popular tourist attraction but 

also a critical source of water and livelihood for many 

residents. The program highlighted the ecological 

significance of the lake and its role in supporting 

biodiversity. Discussions were held on the various 

factors contributing to the pollution of Dal Lake, such 

as sewage discharge, waste disposal, and the use of 

non-biodegradable materials. The participants were 

made aware of how these practices negatively impact 

the water quality and the lake's overall health. 

4.14  Role of Houseboat Owners and Local Residents: 

The program emphasized the responsibilities of 

houseboat owners and local residents in maintaining 

the cleanliness of the lake. Participants were 

encouraged to adopt eco-friendly practices, such as 

proper waste management and minimizing the use of 

harmful chemicals (Figure 14).

Figure 13: Alkalinity of the samples analysed.

Figure 14: Various dustbins & hoardings installed at various points around the lake.
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Community Involvement in Conservation Efforts: The 

importance of community participation in 

conservation efforts was underscored. Residents were 

encouraged to form local groups to monitor and 

maintain the cleanliness of their surroundings, and to 

report any activities that might harm the lake's 

ecosystem.

Government Initiatives and Support: Information was 

provided on the various government initiatives aimed 

at preserving Dal Lake, including financial assistance 

for adopting eco-friendly practices and the 

implementation of stricter regulations on waste 

disposal. The program also highlighted the role of 

government agencies in supporting the community's 

efforts.

Interactive Sessions and Feedback: The program 

included interactive sessions where participants 

could voice their concerns and suggestions. This 

feedback was crucial for understanding the challenges 

faced by the community and for developing more 

effective conservation strategies.

Outcome: The program successfully raised awareness 

among the participants about the critical need to 

preserve Dal Lake. The active involvement of the 

community and the commitment shown by the 

houseboat owners were promising steps towards 

ensuring the lake's long-term sustainability. Follow-up 

initiatives are planned to maintain momentum and 

ensure continuous community engagement in the 

conservation of Dal Lake. This awareness programme 

marks a significant effort in the mission to protect and 

maintain the pristine condition of one of Kashmir's 

most treasured natural resources.

Overall perception of the current state of Dal Lake: 

Participants generally expressed concern about the 

deteriorating state of Dal Lake. Many noted that the 

water quality has significantly declined due to 

pollution, encroachments, and unchecked tourist 

activities. However, some participants were optimistic 

about recent conservation efforts, though they 

emphasized that much more needs to be done. Most 

participants observed a noticeable decline in the lake's 

health over the past few years. They pointed to 

increased algae blooms, reduced water clarity, and the 

shrinking size of the lake as evidence of ongoing 

environmental degradation. Some noted that the lake 

has lost much of its former beauty and ecological 

balance (Figure 15, 16).

Figure 15: Sampling sites where aquatic weeds, silt & untreated sewage was found.
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Figure 16: Sampling sites with high turbidity and other contaminant.

Figure 17: Awareness Programmes Conducted.

4.15 Personal and Community Involvement: 
Participants shared various personal efforts, including 
reducing plastic use, participating in clean-up drives, 
and educating others about the importance of 
preserving the lake. Houseboat owners mentioned 
efforts to improve waste management, while local 
residents discussed using organic methods in their 
nearby gardens to reduce runoff. Many participants 
described their community's involvement in initiatives 
such as regular clean-ups, awareness campaigns, and 
advocacy for stricter environmental regulations. Some 
communities have formed local groups dedicated to 
monitoring and reporting pollution sources, while 
others collaborate with NGOs to implement sustainable 
practices. Participants expressed a strong emotional and 
cultural connection to Dal Lake as their primary 
motivation. The desire to preserve the lake for future 
generations and the recognition of its importance to 
their livelihood, culture, and environment were also 
frequently mentioned.

4.16  Awareness and Environmental Education: Most 
participants felt moderately informed about the 
issues. They acknowledged that while they are aware 
of the general problems, there is a need for more 
detailed and accessible information, especially 
regarding effective conservation methods. 

Some participants had attended workshops and 
training sessions organized by local NGOs and 
government agencies. However, many noted that such 
programs are not widespread, and access to 
educational resources is often limited. Suggestions 
included launching more targeted awareness 
campaigns, using social media platforms, involving 
schools in environmental education, and organizing 
community event focused on lake conservation 
(Figure 17). Participants also emphasized the 
importance of continuous education rather than one-
time events.
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4.17 Challenges and Grievances: Participants 
identified several challenges, including a lack of 
resources, and the difficulty of changing long-
established practices among the local residents. The 
influx of tourists and the resulting waste were also 
significant concerns. Many participants voiced 
concerns about the lack of enforcement of existing 
regulations. 

4.18  Government and Organizational Support: 
While participants acknowledged the efforts of both 
government and NGOs. There was a call for more 
proactive and transparent actions from the 

4.19  Impact of Tourism: Participants generally agreed 

that tourism significantly impacts the lake's health, 

particularly through waste generation and increased 

boat traffic. The seasonal influx of tourists often leads 

to higher levels of pollution, which are difficult to 

manage with the current infrastructure. Suggestions 

included implementing stricter regulations on waste 

disposal, promoting eco-friendly tourism, and 

educating tourists about the importance of preserving 

Dal Lake. Participants also suggested creating 

designated areas for tourist activities to minimize their 

impact on the rest of the lake.

4.20  Houseboat Owners and Residents: Houseboat 

owners mentioned efforts to improve waste disposal 

practices, such as using bio-digesters and reducing the 

use of harmful chemicals. Some residents discussed 

community-driven initiatives to clean the lake and 

reduce household waste. Participants mentioned the 

use of both traditional and modern waste management 

practices. However, many noted that the 

infrastructure is still inadequate, leading to some 

government, as well as greater collaboration between 
NGOs and local communities. Some participants 
reported receiving technical support, training, and 
resources from NGOs, while others mentioned 
government schemes aimed at improving waste 
management. Participants highlighted the need for 
more financial assistance, better infrastructure for 
waste management, and stronger enforcement of 
environmental laws. There was also a call for more 
inclusive planning processes that involve local 
communities in decision-making. Further extraction 
of the weeds and using them as biofertilizers is also 
being in the lake (Figure 18).

waste inevitably ending up in the lake. There was a 

strong desire for more effective waste management 

solutions. Houseboat owners and residents expressed 

a need for better access to waste disposal facilities, 

more frequent waste collection services, and financial 

assistance to adopt eco-friendly technologies. There 

was also a call for more educational programs to help 

residents understand the best practices for waste 

management.

4.21 Suggestions for Improvement: Participants 

suggested a range of initiatives, including introducing 

stricter environmental regulations, launching large-

scale clean-up operations, and developing better waste 

management infrastructure. They also emphasized the 

importance of continuous monitoring and research to 

track the lake's health. Participants recommended 

establishing community-led conservation groups, 

increasing the frequency of community meetings, and 

involving local leaders in decision-making processes. 

They also suggested that more resources be allocated 

to community education and empowerment. 

Figure 18: Sampling sites where tones of weeds, silt are extracted and used as biofertilizers.
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8. Bumb: Bumb species, by growing excessively, 

block sunlight and reduce oxygen levels in the 

water. Their decay further adds to the organic 

load, worsening the overall water quality.

9. Nadhil: Nadhil species trap sediment and organic 

matter, which decay and contribute to the 

eutrophication of the lake. This results in the 

growth of harmful algae and a decrease in water 

quality.

10. Batikhor:  Batikhor also contributes to 

sedimentation and nutrient overload, leading to 

water pollution. Its dense growth blocks sunlight 

and disrupts the natural ecosystem of the lake.

11. Pumbich: Pumbich species can quickly cover 

large areas of the lake, blocking sunlight and 

reducing oxygen levels. Their decay adds to the 

organic load in the water, leading to poor water 

quality.

12. Lotus: While lotus is aesthetically pleasing, its 

large leaves can block sunlight, affecting 

underwater plant growth. The decay of lotus 

plants adds organic matter to the lake, 

contributing to eutrophication and pollution.

13. Azola: Azola is an invasive species that grows 

rapidly, covering the water surface and blocking 

sunlight. This leads to reduced oxygen levels in 

the water and the death of aquatic organisms, 

further degrading the water quality.

14. Weed: Various weed species contribute to the 

nutrient load and organic matter in the lake, 

leading to eutrophication. Their overgrowth can 

also block sunlight and reduce oxygen levels, 

harming aquatic life.

On the other hand, Khel is considered beneficial as it 

removes weeds from the lake, helping to maintain the 

water quality. Additionally, the STP sump (containing 

drainage and trench water) is a significant source of 

pollution in Dal Lake. It introduces untreated or poorly 

treated wastewater into the lake, which carries organic 

pollutants, chemicals, and pathogens. This further 

deteriorates the water quality, harming aquatic life and 

making the water unsuitable for human use.

5.  CONCLUSION
The current analysis demonstrates that the parameters 

examined fall within the acceptable thresholds along 

the Dal Lake. There is evidence of biological 

contamination at all locations. The Government 

should consistently take measures to ensure the 

impeccable quality of the Dal. During the focused 

group talks, it was noted that most individuals 

exhibited a significant level of awareness and were 

Participants saw schools as crucial in educating the 

next generation about the importance of Dal Lake. 

Religious institutions were seen as potential leaders in 

promoting eco-friendly practices during rituals, while 

local businesses could support conservation efforts 

through funding and sustainable practices.

4.22  Future Outlook: Opinions were mixed, with 

some participants expressing optimism that the lake 

could recover if efforts are intensified and sustained. 

Others were more pessimistic, fearing that without 

significant changes, Dal Lake could continue to 

degrade. Participants emphasized the need for a multi-

faceted approach, combining strong regulations, 

community involvement, and continuous monitoring. 

They also highlighted the importance of integrating 

traditional knowledge with modern conservation 

techniques to ensure the lake's long-term 

sustainability. Based on feedback from locals living 

around Dal Lake, the following species contribute to 

water pollution in different ways:

1. Mangola: This plant species tends to grow rapidly 
in the lake, forming dense mats that block 
sunlight and reduce oxygen levels, leading to poor 
water quality and harming aquatic life.

2. Kandil: Similar to mangola, kandil's dense growth 
blocks sunlight, which disrupts the natural 
ecosystem of the lake. It also decays in the water, 
releasing nutrients that lead to further algae 
blooms and deoxygenation.

3. Shallot: Shallot species, when overgrown, can 
contribute to nutrient overload in the lake. The 
decaying matter from these plants adds to the 
organic load in the water, worsening the water 
quality.

4. Khor: Khor contributes to the sedimentation of the 
lake, making the water murky. It also interferes 
with the natural flow of the water, trapping 
pollutants and contributing to the overall 
degradation of water quality.

5. Oov: This species tends to accumulate organic 
matter, which decays and depletes oxygen in the 
water. The resulting eutrophication leads to the 
growth of harmful algae and a decline in water 
quality.

6. Goor: Goor species are known to form thick mats 
on the water surface, which block sunlight and 
reduce the oxygen levels in the water. This leads 
to the death of fish and other aquatic organisms, 
further polluting the lake.

7. Zud: Zud contributes to nutrient overload in the 

lake, especially when it decomposes. This leads to 

algal blooms and the depletion of oxygen, which 

can cause dead zones in the lake.
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also highly motivated to contribute to the preservation 

of clean water. For maintaining the cleanliness of Dal 

Lake, it is necessary to have contributions and 

assistance from both the organised and unorganised 

sectors, in addition to the efforts made by our 

governments. 
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Abstract
Good quality water is important for living beings to avoid many health problems. But 
in the present time availability of good quality water especially groundwater is very 
scarce. The present study area Guhla block is located in Kaithal district of Haryana  
state. The geo-coordinates of the study area are latitudes 29.94  N to 30.19 N and 0 0 
longitudes 76.19  E to 76.47 E. The study area covers 372.48 sq. km area. Geologically 0 0  
alluvium and geomorphologically alluvial plain are present in the study area. The main 
objective was to assess groundwater quality for drinking purpose in the study area. In 
the study area nine groundwater samples were collected in 250 ml double capped 
plastic bottles. Geo-coordinates of sample locations were noted with the help of 
mobile GPS. Chemical analysis of nine groundwater samples were done using 
Tamilnadu Water Supply and Drainage (TWAD) Board, Chennai prepared Field Water 
Testing kit for twelve chemical parameters viz. pH, alkalinity, hardness, chloride, total 
dissolved solids, fluoride, iron, nitrite, nitrate, ammonia, phosphate and residual 
chlorine. Results of groundwater samples analysis were compared with BIS drinking 
water standards (IS 10500:2012) to know groundwater quality for drinking purpose. In 
the study area pH ranges 7.5 to 9, alkalinity 270 mg/l to 570 mg/l, hardness 130 mg/l to 
420 mg/l, chloride 20 mg/l to 110 mg/l, TDS 672 mg/l to 1200 mg/l, fluoride nil to 2 
mg/l, iron nil to 2 mg/l, ammonia nil to 1 mg/l, nitrite 0.2 mg/l to 0.5 mg/l, nitrate 45 
mg/l to 150 mg/l, phosphate nil in all the nine groundwater samples and residual 
chlorine nil to 0.2 mg/l. The study is highly useful for planning and monitoring of 
groundwater quality for drinking purpose in the study area.

ASSESSMENT OF GROUNDWATER QUALITY FOR DRINKING PURPOSE IN 
GUHLA BLOCK OF KAITHAL DISTRICT, HARYANA

Keywords: Groundwater, 
quality, drinking, Guhla, 
Kaithal, Haryana.
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1. INTRODUCTION
Water is important for living beings mainly for drinking, 
irrigation and industrial purposes. Good quality water is 
necessary for health to avoid many diseases. In the present 
time availability of good quality water is become very scarce 
due to anthropogenic pollution.  Bunkar and Kumar (2019); 
Kaur et al. (2017), Khan and Jhariya (2017), Madhav et al. 
(2018), Nelly and Mutua (2016), Singh and Kumar (2014), 
Spanos et al. (2014), Vijaya Lalitha et al. (2016) had done 
work on groundwater quality assessment for drinking 
purpose in different areas. 

2. STUDY AREA
Guhla block is located in Kaithal district of Haryana state 

(Fig.1). The geo-coordinates of the study area are latitudes 
0 0 0 029.94  N to 30.19  N and longitudes 76.19  E to 76.47  E. The 

study area covers 372.48 sq. km area. Geologically alluvium 
and geomorphologically alluvial plain are present in the 
study area. 
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map of the 
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Drainage (TWAD) Board, Chennai prepared Field Water 
Testing kit for twelve chemical parameters viz. pH, alkalinity, 
hardness, chloride, total dissolved solids (TDS), fluoride, 
iron, nitrite, nitrate, ammonia, phosphate and residual 
chlorine (Table 1). Results of chemical analysis of 
groundwater samples were entered in excel software and 
prepared bar graphs for each chemical parameter. Results of 
groundwater samples analysis were compared with BIS (IS 
10500:2012) drinking water standards (Table 2) to know 
groundwater quality for drinking purpose.  

3. OBJECTIVE
The main objective of the study was to assess groundwater 
quality for drinking purpose in the study area.

4. MATERIALS AND METHODOLOGY
In the study area nine groundwater samples were collected in 
250 ml double capped plastic bottles from tube wells (TW). 
Geo-coordinates of sample locations were noted with the help 
of mobile GPS. Chemical analysis of nine groundwater 
samples were done using Tamilnadu Water Supply and 

5. RESULTS AND DISCUSSION

5.1. pH
In the study area pH ranges 7.5 to 9 (Table 1, Fig.2). As per 

BIS drinking water standards pH is desirable between 6.5 to 

8.5 and non-potable if less than 6.5 and more 8.5 (Table 2). pH 

is desirable in eight groundwater samples  (Kharondhi, 

Baupur, Cheeka, Kangthali, Malikpur, Balbehra, Bhagal, 

Arnoli) and non-potable in one groundwater sample (Peedal 

(9)).

Table 1: Results of groundwater samples analysis in the study area.

S. No.  Sample Latitude Longitude Source pH Alkalinity Hardness Chloride TDS Fluoride Iron Ammonia Nitrite Nitrate Phosphate Residual Chlorine

  Location      (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

1   Kharondhi 30.01 76.29 TW 7.5 400 270 110 936 2 2 0.5 0.2 100 0 0.2

2   Baupur 30.11 76.38 TW 8 370 130 110 732 2 0.3 1 0.5 100 0 0.2

3   Cheeka 30.03 76.34 TW 8 330 200 30 672 2 0 0.5 0.5 75 0 0

4   Kangthali 29.97 76.35 TW 8 550 220 20 948 2 0 1 0.5 75 0 0

5   Malikpur 30.13 76.23 TW 7.5 450 420 50 1104 0 0 0.5 0.5 100 0 0

6   Balbehra 30.03 76.39 TW 8.5 570 400 30 1200 1 0 0.5 0.5 150 0 0

7   Bhagal 30.06 76.42 TW 7.5 270 280 50 720 1.5 0 0.5 0.5 100 0 0

8   Arnoli 30.17 76.40 TW 8 390 270 70 876 1.5 0 1 0.2 45 0 0

9   Peedal 29.99 76.36 TW 9 430 270 80 936 1.5 0 0 0.5 75 0 0

Table 2: BIS (10500:2012) Drinking Water Standards.

S. No. Characteristics  Potable

  Desirable Permissible Non-Potable

1. pH 6.5-8.5 - <6.5 and >8.5

2. Alkalinity (mg/l) 200 200-600 >600

3. Hardness (mg/l) 200 200-600 >600

4. Chloride (mg/l) 250 250-1000 >1000

5. Total Dissolved Solids (mg/l) 500 500-2000 >2000

6. Fluoride (mg/l) <1.0 1.0-1.5 >1.5

7. Iron (mg/l) <0.3 - >0.3

8. Ammonia (mg/l) <0.5 - >0.5

9. Nitrite (mg/l) <0.1 - >1.0

10. Nitrate (mg/l) <45 - >45

11. Phosphate (mg/l) <1.0 - >1.0

12. Residual Chlorine (mg/l) <0.2 0.2-1.0 >1.0

Figure 2: pH in groundwater samples.
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5.5. Total Dissolved Solids (TDS)
In the study area TDS ranges 672 mg/l to 1200 mg/l (Table 1, 

Fig.6). As per BIS drinking water standards TDS is desirable 

if less than 500 mg/l, permissible between 500 mg/l-2000 

mg/l and non-potable if more than 2000 mg/l  (Table 2). TDS 

is permissible in all nine groundwater samples (Kharondhi, 

Baupur, Cheeka, Kangthali, Malikpur, Balbehra, Bhagal, 

Arnoli, Peedal).

5.6. Fluoride
In the study area fluoride ranges nil to 2 mg/l (Table 1, Fig.7). 

As per BIS drinking water standards fluoride is desirable if 

less than 1.0 mg/l, permissible between 1.0 mg/l-1.5 mg/l and 

non-potable if more than 1.5 mg/l (Table 2). Fluoride is 

desirable in one groundwater sample (Malikpur), permissible 

in four groundwater samples (Balbehra, Bhagal, Arnoli, 

Peedal) and non-potable in four groundwater samples 

(Kharondhi (2 mg/l), Baupur (2 mg/l), Cheeka (2 mg/l), 

Kangthali (2 mg/l)).  

5.4. Chloride
In the study area chloride ranges 20 mg/l to 110 mg/l (Table 1, 

Fig.5). As per BIS drinking water standards chloride is 

desirable if less than 250 mg/l, permissible between 250mg/l-

1000 mg/l and non-potable if more than 1000 mg/l (Table 2). 

Chloride is desirable in all nine groundwater samples 

(Kharondhi, Baupur, Cheeka, Kangthali, Malikpur, 

Balbehra, Bhagal, Arnoli, Peedal).

5.2. Alkalinity
In the study area alkalinity ranges 270 mg/l to 570 mg/l (Table 

1, Fig.3). As per BIS drinking water standards alkalinity is 

desirable if less than 200 mg/l, permissible between 200mg/l-

600 mg/l and non-potable if more than 600 mg/l (Table 2).  

Alkalinity is permissible in all nine groundwater samples 

(Kharondhi, Baupur, Cheeka, Kangthali, Malikpur, 

Balbehra, Bhagal, Arnoli, Peedal).

5.3. Hardness
In the study area hardness ranges 130 mg/l to 420 mg/l (Table 

1, Fig.4). As per BIS drinking water standards hardness is 

desirable if less than 200 mg/l, permissible between 200mg/l-

600 mg/l and non-potable if more than 600 mg/l (Table 2). 

Hardness is desirable in one groundwater sample (Baupur) 

and permissible in eight groundwater samples (Kharondhi, 

Cheeka, Kangthali, Malikpur, Balbehra, Bhagal, Arnoli, 

Peedal).

Figure 3: Alkalinity in groundwater samples.

Figure 5: Chloride in groundwater samples.

Figure 6: TDS in groundwater samples .

Figure 4: Hardness in groundwater samples.
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5.8. Nitrite
In the study area nitrite ranges 0.2 mg/l to 0.5 mg/l (Table 1, 

Fig.10). As per BIS drinking water standards nitrite is 

desirable if less than 1.0 mg/l and non-potable if more than 

1.0 mg/l (Table 2). Nitrite is desirable in all nine groundwater 

samples (Kharondhi, Baupur, Cheeka, Kangthali, Malikpur, 

Balbehra, Bhagal, Arnoli, Peedal).

In the study area iron ranges nil to 2 mg/l (Table 1, Fig.8).  As 

per BIS drinking water standards iron is desirable if less than 

0.3 mg/l and non-potable if more than 0.3 mg/l (Table 2). Iron 

is desirable in eight groundwater samples  (Baupur, Cheeka, 

Kangthali, Malikpur, Balbehra, Bhagal, Arnoli,Peedal) and 

non-potable in one groundwater sample (Kharondhi  ( 2 

mg/l)).

5.10. Phosphate
In the study area phosphate is nil in all the nine groundwater 

samples (Table 1, Fig.12). As per BIS drinking water 

standards phosphate is desirable if less than 1.0 mg/l and non-

potable if more than 1.0 mg/l (Table 2).  Phosphate is 

desirable in all nine groundwater samples (Kharondhi, 

Baupur, Cheeka, Kangthali, Malikpur, Balbehra, Bhagal, 

Peedal).

5.9. Nitrate
In the study area nitrate ranges 45 mg/l to 150 mg/l (Table 1, 

Fig.11). As per BIS drinking water standards nitrate is 

desirable if less than 45 mg/l and non-potable if more than 45 

mg/l (Table 2). Nitrate is desirable in one groundwater sample 

(Arnoli) and non-potable in eight groundwater samples 

(Kharondhi (100 mg/l), Baupur (100 mg/l), Cheeka (100 

mg/l), Kangthali (100 mg/l), Malikpur (100 mg/l), Balbehra 

(150 mg/l), Bhagal (100 mg/l), Peedal (100 mg/l)).

5.7. Ammonia 
 In the study area ammonia ranges nil to 1 mg/l (Table 1, 

Fig.9). As per BIS drinking water standards ammonia is 

desirable if less than 0.5 mg/l and non-potable if more than 

0.5 mg/l (Table 2).Ammonia is desirable in six groundwater 

samples (Kharondhi, Cheeka, Malikpur, Balbehra, Bhagal, 

Peedal) and non-potable in three groundwater samples 

(Baupur (1 mg/l), Kangthali ( 1mg/l), Arnoli (1 mg/l)).  

Figure 8: Iron in groundwater samples.

Figure 10: Nitrite in groundwater samples.

Figure 11: Nitrate in groundwater samples.

Figure 7: Fluoride in groundwater samples. 

Figure 9: Ammonia in groundwater samples.
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groundwater samples. Nitrate is desirable in one groundwater 

sample and non-potable in eight groundwater samples. 

Phosphate is desirable in all nine groundwater samples. 

Residual Chlorine is desirable in seven groundwater samples 

and permissible in two groundwater samples. The study is 

highly useful for planning and monitoring of groundwater 

quality for drinking purpose in the study area.
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5.11. Residual Chlorine
In the study area residual chlorine ranges nil to 0.2 mg/l 

(Table 1, Fig.13). As per BIS drinking water standards 

residual chlorine is desirable if less than 0.2 mg/l, permissible 

between 0.2 mg/l-1.0 mg/l and non-potable if more than 1.0 

mg/l (Table 2). Residual Chlorine is desirable in seven 

groundwater samples (Cheeka, Kangthali, Malikpur, 

Balbehra, Bhagal, Arnoli, Peedal) and permissible in two 

groundwater samples (Kharondhi, Baupur). 

 Figure 12: Phosphate in groundwater samples.

Figure 13: Residual Chlorine in groundwater samples 

6. CONCLUSIONS
In the study area pH is desirable in eight groundwater samples 

and non-potable in one groundwater sample. Alkalinity and 

TDS are permissible in all nine groundwater samples. 

Hardness is desirable in one groundwater sample and 

permissible in eight groundwater samples. Chloride is 

desirable in all nine groundwater samples. Fluoride is 

desirable in one groundwater sample, permissible in four 

groundwater samples and non-potable in four groundwater 

samples. Iron is desirable in eight groundwater samples and 

non-potable in one groundwater sample. Ammonia is 

desirable in six groundwater samples and non-potable in 

three groundwater samples. Nitrite is desirable in all nine 

International Journal of Environment  and  Health Sciences (IJEHS) Vol6, Iss3, 2024 27





B.
Health Sciences Section





International Journal of Environment  and  Health Sciences (IJEHS)
2024, VOL. 6, NO. 3, 31-40
https://doi.org/10.47062/

Abstract
Pharmaceutical waste management stands as a critical issue in contemporary society 
due to its environmental impact and public health risks. Addressing this challenge 
requires a shift toward eco-friendly approaches that prioritize sustainability. It delves 
into the imperative need for sustainable solutions in pharmaceutical waste 
management and highlights key strategies to pave the way for a greener and healthier 
future. Pharmaceutical waste poses a multifaceted challenge due to its complex 
composition and potential for environmental contamination. Traditional disposal 
methods, often involving landfill or incineration, contribute significantly to 
environmental degradation and chemical exposure. Consequently, there is a growing 
urgency to adopt eco-friendly practices that mitigate these adverse effects. It explores 
innovative approaches to pharmaceutical waste management that embrace 
sustainability. It will delve into the concept of green chemistry, emphasizing the 
development of eco-friendly drugs with reduced environmental impact throughout 
their lifecycle—from production to disposal. Additionally, the discussion will 
encompass strategies for optimizing drug formulation to minimize waste generation 
without compromising efficacy. Furthermore, this will highlight the importance of 
proper disposal and recycling methods. It will shed light on emerging technologies and 
processes for the safe disposal of unused or expired medications, ensuring minimal 
ecological footprint and reducing the risk of water contamination. Collaboration 
among pharmaceutical companies, healthcare facilities, regulatory bodies, and the 
public is crucial in implementing effective waste management strategies. It will 
explore successful case studies and initiatives that exemplify the positive outcomes 
achievable through collaborative efforts. In conclusion, this aims to emphasize the 
urgency of transitioning toward eco-friendly approaches in pharmaceutical waste 
management for a sustainable future. By advocating for the adoption of green 
practices, leveraging innovative technologies, and fostering collaborative 
partnerships, we can pave the way for a more environmentally conscious and 
responsible pharmaceutical industry.

ECO-FRIENDLY APPROACHES IN PHARMACEUTICAL WASTE 
MANAGEMENT: PAVING THE WAY FOR SUSTAINABILITY

Keywords
Pharmaceutical waste, 
Eco-friendly approaches, 
Sustainability, Waste reduction, 
Stakeholder collaboration.
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1. INTRODUCTION 
In the relentless pursuit of medical advancements, the 
pharmaceutical industry has historically forged 
groundbreaking innovations in healthcare. However, the 
laudable progress in pharmaceutical development has been 
accompanied by an escalating concern – the environmental 
impact of pharmaceutical waste. The conventional modes of 
pharmaceutical waste disposal, including incineration and 

landfilling, have come under scrutiny for their sustainability 
and potential adverse effects on the environment. In response 
to these challenges, there is a growing imperative to explore 
and implement eco-friendly approaches in pharmaceutical 
waste management, setting the stage for a more sustainable 
future –(Birania et al., 2022; James and Yadav, 2021; Monga 
et al., 2022; September et al., 2023). 

Received on: 05.07.2024 Revised on: 20.07.2024 Accepted on: 30.07.2024



The pharmaceutical industry, by virtue of its commitment to 
developing life-saving drugs, is deeply entwined with a 
complex web of environmental consequences. The life cycle 
of pharmaceutical products encompasses various stages, 
from raw material extraction and synthesis to manufacturing, 
distribution, usage, and eventual disposal. At each juncture, 
the industry leaves an indelible environmental footprint, 
prompting a critical examination of the ecological 
sustainability of its practices. A significant contributor to this 
environmental burden is pharmaceutical waste, manifesting 
in diverse forms such as unused medications and 
manufacturing by-products. The traditional methods of 
pharmaceutical waste disposal, while effective in some 
respects, have inherent drawbacks that necessitate a 
reevaluation of their long-term viability. Incineration, a 
common practice, raises concerns about the release of 
harmful pollutants into the atmosphere, contributing to air 
quality deterioration. Landfilling, another prevalent method, 
poses risks of leaching pharmaceutical compounds into soil 
and water, potentially compromising ecosystems'– (Budny 
and Benscoter, 2016; Crane et al., 2021; Perry et al., 2013; 
Vallejos et al., 2020). 

Moreover, the nature of pharmaceuticals, engineered for 
stability and bioactivity, complicates their breakdown and 
degradation. The persistence of these compounds in the 
environment has been linked to adverse effects on aquatic 
organisms and the emergence of antibiotic-resistant bacteria, 
underscoring the urgency of reassessing conventional waste 
management practices. Recognizing these challenges, there 
is a growing awareness within the pharmaceutical industry 
about the necessity for more sustainable waste management 
practices. This awareness is driving the sector towards 
embracing eco-friendly approaches that not only address the 
environmental impact of pharmaceutical waste but also align 
with broader sustainability objectives. A pivotal shift is 
occurring with the integration of green chemistry principles 
into the fabric of drug development and manufacturing (Han, 
2023; Krogstad and Woodrow, 2014; Mariappan, 2019).  

Green chemistry advocates for the design of chemical 
products and processes that minimize the use of hazardous 
materials and reduce environmental impact. Within the 
pharmaceutical context, this entails the creation of drugs with 
inherently lower toxicity and the adoption of manufacturing 
processes that are more environmentally benign. The first 
step towards implementing eco-friendly pharmaceutical 
waste management practices involves a reimagining of the 
design and synthesis of pharmaceutical products. By 
incorporating green chemistry principles, researchers are 
focusing on developing drugs that are not only efficacious but 
also environmentally sustainable from their inception. This 
involves a comprehensive evaluation of the entire life cycle 
of a pharmaceutical product, from raw material selection to 
synthesis processes and eventual disposal(“Abstracts of the 
17th International Symposium on Bioluminescence and 
Chemiluminescence � (ISBC 2012),” 2012).

Furthermore, the exploration of alternative solvents and 
sustainable manufacturing processes is gaining momentum. 

Traditional methods often employ solvents harmful to the 
environment and human health. Eco-friendly alternatives, 
such as water-based or supercritical fluid-based processes, 
are being explored to replace conventional organic solvents. 
These alternatives not only reduce the environmental impact 
but also enhance the safety of manufacturing processes for 
workers. In essence, the environmental impact of 
pharmaceutical waste is a critical concern demanding a 
fundamental shift in the industry's approach to waste 
management –(Awasthi et al., 2021; Onoda, 2020; Paritosh et 
al., 2017; Singh and Raj, 2020). 

The adoption of eco-friendly practices, rooted in green 
chemistry principles, emerges as a promising avenue for 
mitigating the environmental footprint of pharmaceuticals. 
By designing drugs with reduced toxicity, optimizing 
manufacturing processes, and incorporating sustainable 
practices, the pharmaceutical industry can pioneer a more 
sustainable and environmentally conscious future. This 
exploration of eco-friendly approaches in pharmaceutical 
waste management signifies not only a response to current 
challenges but a commitment to the long-term well-being of 
both humanity and the planet(Ali Karasar and Oğuz, 2023; 
Barnhill and Fanzo, 2021; Lal, 2020; Monteiro et al., 2015).

2. REVIEW FINDINGS 

2.1 Environmental Impact of Pharmaceutical Waste
Pharmaceutical waste encompasses a diverse range of 
materials generated throughout the drug development, 
manufacturing, distribution, and usage processes. This 
includes expired medications, unused drugs, manufacturing 
by-products, and packaging materials. Each of these 
elements contributes to the overall environmental burden, 
posing unique challenges in their disposals (Goldman, 2002; 
Rigueto et al., 2023).

2.2 Environmental Consequences
One of the primary environmental concerns associated with 
pharmaceutical waste is water pollution. Active 
pharmaceutical ingredients (APIs) and their metabolites, 
when improperly disposed of, can leach into water bodies, 
contaminating surface and groundwater. This contamination 
poses a threat to aquatic ecosystems, potentially disrupting 
the balance of aquatic flora and fauna. Pharmaceutical waste, 
if disposed of in landfills or through agricultural runoff, can 
result in soil contamination. The persistence of certain 
pharmaceutical compounds in soil can adversely affect plant 
growth and soil microbial communities(Estrela et al., 2022; 
García-Jiménez et al., 2021; Konopka, 2009; Segata et al., 
2013). 

This, in turn, may impact the overall health of terrestrial 
ecosystems and compromise the safety of agricultural 
products. Incineration, a common method of pharmaceutical 
waste disposal, contributes to air pollution. The combustion 
of pharmaceuticals releases pollutants into the atmosphere, 
including greenhouse gases and harmful chemicals. This can 
degrade air quality, posing risks to human health and 
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contributing to the broader issue of climate change(Batt et al., 
2008; Han and Lee, 2017; Schwab et al., 2005; Wilkinson et 
al., 2019). Common Pharmaceuticals and Environmental 

To address the environmental impact of pharmaceutical 
waste, a holistic approach is necessary. This involves the 
adoption of eco-friendly practices throughout the 
pharmaceutical life cycle, from drug design to manufacturing 
and waste disposal. Integrating green chemistry principles, 
optimizing synthetic routes, and designing pharmaceuticals 
with reduced environmental footprints are critical steps. 
Understanding the environmental impact of pharmaceutical 

2.3 Challenges in Conventional Pharmaceutical Waste 
Management:
The conventional methods of pharmaceutical waste 
management have long been the go-to approaches for 
disposing of unused medications, expired pharmaceuticals, 
and manufacturing by-products. However, these traditional 
methods come with a set of challenges that warrant a critical 
examination. This article explores the challenges associated 

Impact is summarized in Table 1 while Challenges in 
Conventional Pharmaceutical Waste Management is 
summarized in Table 2.

waste is paramount in developing sustainable solutions. The 
tables presented highlight the diverse range of 
pharmaceuticals contributing to environmental challenges 
and underscore the importance of reevaluating waste 
management practices. By implementing eco-friendly 
approaches, the pharmaceutical industry can minimize its 
environmental footprint and contribute to a healthier and 
more sustainable planet  .

with conventional pharmaceutical waste management 
practices, shedding light on the environmental drawbacks 
and potential hazards posed by these methods (Costa et al., 
2019; Kushwaha et al., 2021; Mustafa and Cheng, 2016).

2.3.1  Incineration
Incineration, a widely used method for disposing of 
pharmaceutical waste, poses significant challenges. The 

Table 1: Common Pharmaceuticals and Environmental Impact.

Table  2 : Challenges in Conventional Pharmaceutical Waste Management.

Pharmaceutical Environmental Impact

Antibiotics Potential development of antibiotic resistance

Hormones Disruption of endocrine systems in wildlife

Analgesics Presence in water bodies affecting aquatic life

Chemotherapeutics Toxicity to aquatic organisms and ecosystems

Waste Management Method Environmental Challenges

Incineration Air pollution, release of hazardous substances

Landfilling Soil and water contamination, long-term persistence

Flushing unused drugs Water pollution, direct exposure to ecosystems

Figure 1: Percentage of pharmaceutical waste throughout the globe.



process involves the combustion of pharmaceuticals, 
releasing harmful pollutants into the air. These pollutants, 
including dioxins and furans, contribute to air pollution and 
pose health risks to both human and environmental well-
being.

2.3.2 Landfilling
Landfilling is another common method for pharmaceutical 
waste disposal. However, this approach raises concerns about 
soil and water contamination. Pharmaceuticals deposited in 
landfills can leach into the soil, potentially reaching 
groundwater and contaminating water sources. The 

persistence of certain pharmaceutical compounds 
exacerbates these environmental challenges, as they may 
linger in the environment for extended periods.

2.3.3 Flushing Unused Drugs
The practice of flushing unused drugs down the toilet or sink 
is a convenient but problematic method. This contributes to 
water pollution, as pharmaceutical compounds enter water 
bodies and impact aquatic ecosystems. The direct exposure of 
ecosystems to these compounds can disrupt aquatic life and 
pose risks to the overall health of water ecosystems.

Table 3: Challenges in Conventional Pharmaceutical Waste Management.

Waste Management Method Environmental Challenges

Incineration Air pollution, release of hazardous substances

Landfilling Soil and water contamination, long-term persistence

Flushing unused drugs Water pollution, direct exposure to ecosystems

Addressing these challenges requires a shift towards more 
sustainable and eco-friendly approaches in pharmaceutical 
waste management. Integrating green chemistry principles 
into drug development and manufacturing, optimizing 
synthetic routes, and designing pharmaceuticals with 
reduced environmental footprints are pivotal steps. 
Additionally, exploring alternative disposal methods that 
minimize environmental impact, such as drug take-back 
programs and advanced waste treatment technologies, can 
contribute to more responsible pharmaceutical waste 
management'––'–'(Borchard et al., 2022; Cheng et al., 2022; 
Gull et al., 2023; Sarkodie and Owusu, 2021).  

Conventional pharmaceutical waste management methods, 
while prevalent, are not without their environmental 
challenges. The table encapsulates the key challenges 
associated with incineration, landfilling, and flushing unused 
drugs. To pave the way for a more sustainable and 
environmentally conscious future, there is a pressing need to 
reevaluate these traditional practices and embrace eco-
friendly approaches that minimize the ecological footprint of 
pharmaceutical waste—(Bungau et al., 2018; Hanning et al., 
2022; Magagula et al., 2022; Rogowska and Zimmermann, 
2022).

Figure 2: Different sources of pharmaceutical waste throughout the globe.
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3. CHALLENGES IN CONVENTIONAL 
PHARMACEUTICAL WASTE MANAGEMENT
The management of pharmaceutical waste presents a 
complex set of challenges that demand a critical examination 
of conventional disposal methods. This article explores the 
inherent drawbacks associated with incineration, landfilling, 
and flushing unused drugs, shedding light on the 
environmental challenges and potential hazards posed by 
these practices. Incineration, a widely employed method for 
pharmaceutical waste disposal, is not without its 
environmental  chal lenges .  The combust ion of  
pharmaceuticals releases a cocktail of pollutants into the air, 
including dioxins, furans, and other hazardous substances. 
These airborne pollutants contribute to air pollution, 
compromising air quality and posing health risks to both 
human and environmental well-being. The following table 
succinctly summarizes the environmental challenges 
associated with incineration, Landfilling, another common 
practice in pharmaceutical waste disposal, introduces a 
different set of challenges''''–' (Berenguer et al., 2023; de 
Campos et al., 2023; Jovanović et al., 2016; Natasha et al., 
2010). 

Pharmaceuticals deposited in landfills may undergo 
leaching, releasing their active compounds into the soil. This 
can lead to soil contamination and potentially contaminate 
groundwater, posing risks to terrestrial and aquatic 
ecosystems. The persistence of certain pharmaceutical 
compounds exacerbates these challenges, as illustrated in the 
table below (Costa et al., 2019):

3.1 Flushing Unused Drugs
The disposal of unused drugs by flushing them down the 
toilet or sink represents a convenient yet environmentally 
problematic method. This practice contributes to water 
pollution as pharmaceutical compounds enter water bodies. 
The direct exposure of ecosystems to these compounds can 
disrupt aquatic life and compromise the health of water 
ecosystems. The environmental challenges associated with 
flushing unused drugs are summarized in the table 
–'''(Hithesh et al., 2020; Jha et al., 2022; Kampamba et al., 
2022; Martin et al., 2020):

3.2 Mitigation Strategies
Addressing these challenges necessitates a paradigm shift 
towards more sustainable pharmaceutical waste management 
practices. Integrating green chemistry principles into drug 
development and manufacturing processes, optimizing 
synthetic routes, and designing pharmaceuticals with 
reduced environmental footprints are crucial steps. Exploring 
alternative disposal methods, such as drug take-back 
programs and advanced waste treatment technologies, can 
contribute to more responsible pharmaceutical waste 
management. Conventional pharmaceutical waste 
management practices, while widely practiced, come with a 
suite of environmental challenges. This overview, 
complemented by detailed tables, highlights the key 
drawbacks associated with incineration, landfilling, and 
flushing unused drugs. As the pharmaceutical industry seeks 

more sustainable solutions, a collective effort is required to 
transition towards eco-friendly approaches that minimize the 
ecological impact of pharmaceutical waste (Lücker et al., 
2019; Murshed et al., 2022; Nyagah et al., 2022).

3.3 Green Chemistry Principles in Pharmaceutical Waste 
Management
Green chemistry principles play a pivotal role in 
revolutionizing pharmaceutical waste management, offering 
sustainable alternatives to conventional practices. This 
approach emphasizes the design and implementation of 
chemical processes that prioritize environmental and human 
health considerations throughout the entire life cycle of 
pharmaceuticals. In the context of waste management, the 
integration of green chemistry principles seeks to minimize 
the generation of hazardous substances, reduce the 
environmental impact of pharmaceutical production, and 
facilitate the development of eco-friendly disposal 
methods(Bhardwaj et al., 2017; Datta et al., 2018; Hajam et 
al., 2023; R et al., 2023).

By incorporating green chemistry into drug development and 
manufacturing, the industry aims to design pharmaceuticals 
with inherently lower toxicity and environmental 
persistence. This involves the optimization of synthetic 
routes, the substitution of hazardous materials with safer 
alternatives, and the adoption of more sustainable solvents. 
The ultimate goal is to create pharmaceuticals that not only 
fulfill therapeutic needs but also align with broader 
sustainability objectives. Green chemistry principles in 
pharmaceutical waste management are a progressive step 
towards mitigating environmental impact, fostering a more 
sustainable pharmaceutical industry, and contributing to the 
global effort to achieve a healthier and eco-conscious future 
–––''(Kilcoyne et al., 2022; Landrigan et al., 2020).

3.4 Designing Pharmaceuticals with a Reduced 
Environmental Footprint:
Designing pharmaceuticals with a reduced environmental 
footprint is a critical aspect of green chemistry principles, 
aiming to minimize the ecological impact of drug 
development and usage. This approach encompasses a 
holistic perspective, considering the entire life cycle of 
pharmaceuticals from raw material extraction to disposal. By 
adopting innovative strategies and incorporating 
environmentally conscious practices, the pharmaceutical 
industry can contribute significantly to sustainability goals. 
One key aspect of reducing the environmental footprint lies in 
the selection of raw materials. Green chemistry emphasizes 
the use of renewable resources and sustainable starting 
materials to mitigate the impact on ecosystems. This involves 
scrutinizing the environmental implications of obtaining raw 
materials, considering factors such as energy consumption, 
waste generation, and ecological disruption (Daughton and 
Ruhoy, 2008).

Optimizing synthetic routes is another crucial component. 
Traditional manufacturing processes often involve multiple 
steps, each contributing to waste generation and 
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environmental impact. Green chemistry encourages the 
design of streamlined synthetic routes, minimizing the 
number of steps, reducing energy consumption, and limiting 
the use of hazardous reagents. This not only enhances 
efficiency but also decreases the overall environmental 
burden associated with pharmaceutical production. 
Additionally, the choice of solvents plays a pivotal role in 
designing environmentally friendly pharmaceuticals. 
Conventional organic solvents can be harmful to both human 
health and the environment. Green chemistry promotes the 
substitution of these solvents with greener alternatives, such 
as water or supercritical fluids, which are less toxic and pose 
fewer environmental risks (Bennett et al., 2019; Budzinski et 
al., 2022; Roschangar et al., 2017). 

The concept of "benign by design" is gaining prominence in 
pharmaceutical development. This approach involves 
intentionally designing pharmaceutical molecules to have 
minimal environmental impact while maintaining 
therapeutic efficacy. Researchers strategically modify 
molecular structures to enhance biodegradability, reduce 
persistence in the environment, and decrease potential 
ecological harm. Furthermore, the consideration of the end-
of-life phase is integral to reducing the environmental 
footprint of pharmaceuticals. Green chemistry principles 
advocate for designing drugs that break down more readily, 
facilitating eco-friendly disposal. This aligns with the 
broader goal of establishing sustainable waste management 
practices within the pharmaceutical industry(Khetan, 2014) .
In conclusion, designing pharmaceuticals with a reduced 
environmental footprint is a multifaceted approach 
encompassing sustainable raw material selection, 
streamlined synthetic routes, greener solvent choices, and 
intentional molecular design. By adhering to these green 
chemistry principles, the pharmaceutical industry can pave 
the way for a more sustainable future, where therapeutic 
advancements align harmoniously with ecological 
responsibility. This paradigm shift not only addresses current 
environmental challenges but also contributes significantly 
to the global commitment to building a more sustainable and 
environmentally conscious society.(Amarakoon et al., 2022; 
RAMSEY et al., 2009).

Alternative solvents and sustainable manufacturing practices 

are integral components of the pharmaceutical industry's 

commitment to reducing its environmental impact. 

Traditionally, pharmaceutical manufacturing has relied 

heavily on organic solvents that pose environmental and 

health risks. The adoption of alternative solvents aligns with 

green chemistry principles, emphasizing the substitution of 

hazardous materials with safer and more sustainable options. 

Water is one of the primary alternative solvents gaining 

prominence in pharmaceutical manufacturing. Its 

abundance, low cost, and minimal environmental impact 

make it an attractive choice. Water-based processes not only 

reduce the use of organic solvents but also mitigate potential 

hazards associated with their disposal. Furthermore, water is 

often a more benign reaction medium, contributing to the 

overall sustainability of pharmaceutical production. 

Supercritical fluids, such as carbon dioxide, represent 

another class of alternative solvents. These fluids possess 

unique properties that can be tailored to specific 

manufacturing processes. Supercritical fluid extraction and 

reaction conditions offer advantages such as high selectivity, 

reduced waste generation, and the ability to work with 

temperature-sensitive compounds. The recyclability of 

supercritical fluids contributes to the sustainable aspect of 

pharmaceutical manufacturing(Arden et al., 2021; Laky et al., 

2023; Li and Li, 2021; Sarkis et al., 2021).

Sustainable manufacturing in the pharmaceutical industry 
extends beyond solvent selection. Integrating renewable energy 
sources into manufacturing processes is a key element of 
reducing the carbon footprint. The industry is progressively 
adopting solar, wind, and other sustainable energy technologies 
to power manufacturing facilities. This not only minimizes 
reliance on fossil fuels but also contributes to the industry's 
broader commitment to environmentally friendly 
practices'''''' (Duvaleix et al., 2020; Kasim and Ismail, 2012; 
Mbasera et al., 2016; Namagembe, 2021). Process 
intensification is another facet of sustainable manufacturing. 
This involves optimizing and streamlining production 
processes to enhance efficiency and reduce resource 
consumption. Continuous manufacturing methods, as opposed 
to batch processes, are gaining traction for their potential to 
minimize waste, energy usage, and overall environmental 
impact –'––(CHRISPIM, 2021; Mączyńska, 2017).

4. CONCLUSION
The manuscript concludes by summarizing the key findings 
and emphasizing the pivotal role of eco-friendly approaches 
in pharmaceutical waste management. It underscores the 
importance of adopting sustainable practices, driven by green 
chemistry principles, and calls for a collective effort from the 
pharmaceutical industry, regulatory bodies, and researchers 
to pave the way for a more sustainable and environmentally 
conscious future. In conclusion, this detailed review 
manuscript provides a comprehensive exploration of eco-
friendly approaches in pharmaceutical waste management, 
offering insights into the challenges, innovations, and 
transformative strategies that can contribute to a more 
sustainable pharmaceutical industry.
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Abstract
Traditional medicines, deeply rooted in cultural practices, offer a vast repository of 
natural compounds with therapeutic properties. By repurposing and reimagining these 
age-old remedies, we can tap into a wealth of knowledge to address contemporary 
health challenges. Simultaneously, the adoption of biofuels as an eco-friendly strategy 
responds to urgent environmental concerns. Derived from renewable biological 
sources, biofuels present a cleaner and sustainable alternative to traditional fossil 
fuels. This duality of repurposing traditional medicines for therapeutic innovation and 
embracing biofuels for environmental sustainability creates a holistic approach to 
global challenges. The interconnectedness of human health and the environment is 
emphasized, promoting a comprehensive strategy that addresses both medical needs 
and environmental stewardship. This review advocates for a multidimensional 
approach where traditional wisdom contributes to modern healthcare, while 
environmentally friendly practices, such as biofuel adoption, pave the way for a 
greener and healthier future.
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THROUGH TRADITIONAL MEDICINE REPURPOSING AND 
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1. INTRODUCTION
In the face of global challenges such as climate change, 
environmental degradation, and the increasing burden of 
disease, there is a growing imperative to explore innovative 
and sustainable solutions that harmonize the well-being of 
both humanity and the planet. This paper endeavors to delve 
into the intersection of health and environmental 
sustainability, proposing a novel approach that combines the 
repurposing of traditional medicine and the widespread 
adoption of biofuels. By synergistically addressing health 
needs and environmental concerns, this integrated strategy 
not only promotes holistic well-being but also advances the 
principles of circular economies ' (Che et al., 2023; 
Dhianawaty et al., 2023; Radovanović et al., 2023; Shi et al., 
2021).

Traditional medicine, rooted in ancient practices and local 

wisdom, offers a wealth of untapped potential for addressing 
contemporary health challenges. Harnessing the knowledge 
embedded in traditional healing systems can not only provide 
alternative and affordable healthcare options but also 
contribute to biodiversity conservation. The repurposing of 
traditional medicines aligns with sustainable practices, 
emphasizing the importance of preserving ecosystems and 
leveraging nature's resources responsibly –'' (Divyashree et 
al., 2022; Lara Flores & Florencia Romero, 2023; Qureshi et 
al., 2024; V. Singh & Supriya Kurane Singh, 2023).

Furthermore, as the world grapples with the escalating 
consequences of fossil fuel consumption, the urgent need for 
cleaner and renewable energy sources cannot be overstated. 
Biofuels, derived from organic materials such as plants and 
algae, present a promising avenue for sustainable energy 
production. The adoption of biofuels not only mitigates the 
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environmental impact of conventional fossil fuels but also 
creates opportunities for rural development and reduces 
dependency on finite resources. This paper seeks to explore 
the interconnectedness of these two realms, advocating for a 
holistic approach that not only addresses immediate health 
concerns but also contributes to the long-term well-being of 
our planet. Through the exploration of traditional medicine 
repurposing and the widespread adoption of biofuels, we aim 
to pave the way for a harmonious coexistence between human 
health and environmental sustainability. 

2. REVIEW FINDINGS 

2.1 Traditional aspects of medicinal plants
In an era defined by the confluence of escalating health crises 
and mounting environmental challenges, the imperative to 
seek innovative and interconnected solutions has never been 
more critical. This paper embarks on a journey into the realms 
of repurposing traditional medicines for modern therapeutics 
and the adoption of biofuels as an environmentally friendly 
strategy, presenting a holistic approach to address the 
intricate interplay between human health and the well-being 
of the planet   ''(Cabada-Aguirre et al., 2023; Mahomoodally, 
2013; Nath & Mukherjee, 2023; Zhou et al., 2023). 

Traditional medicines, deeply embedded in cultural 
practices, represent an ancient pharmacopeia, offering a vast 
repository of natural compounds endowed with therapeutic 
properties. The wisdom encapsulated in these age-old 
remedies has the potential to revolutionize modern healthcare 
by providing alternative, culturally sensitive, and sustainable 

approaches to address contemporary health challenges. By 
systematically repurposing and reimagining traditional 
medicines, we can tap into a wealth of knowledge, fostering 
therapeutic innovation that aligns with the principles of 
ecological responsibility. Simultaneously, the urgency to 
address environmental concerns has driven the exploration of 
sustainable energy alternatives, leading to the adoption of 
biofuels. Derived from renewable biological sources, 
biofuels offer a cleaner and more sustainable alternative to 
conventional fossil fuels, mitigating the detrimental impact 
on the environment. This duality of repurposing traditional 
medicines for therapeutic innovation and embracing biofuels 
for environmental sustainability sets the stage for a 
comprehensive and interconnected strategy to tackle global 
challenges  (Chan et al., 2021; Chen et al., 2021; Jia et al., 
2024; Lu et al., 2020; Mukherjee et al., 2022).

The interconnectedness of human health and the environment 
is at the forefront of this exploration, emphasizing the need 
for a cohesive and multifaceted approach. By promoting a 
comprehensive strategy that addresses both medical needs 
and environmental stewardship, this paper advocates for a 
paradigm shift towards a more sustainable and resilient 
future. As we delve into the multidimensional landscape 
where traditional wisdom contributes to modern healthcare, 
and environmentally friendly practices, such as biofuel 
adoption, pave the way for a greener and healthier world, we 
embark on a journey towards transformative solutions for the 
well-being of both humanity and the planet  (Datta, 2021; 
Kunwar et al., 2018; McAlvay, 2017; Redwan, 2018). 

Figure 1: Traditional aspects of medicinal plants.
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2.2. Historical significance of traditional medicines
Traditional medicines, with roots deeply embedded in 
cultural practices and historical knowledge, offer a unique 
avenue for therapeutic innovation. The accumulated wisdom 
of generations has endowed these remedies with a diverse 
array of natural compounds that exhibit medicinal properties. 
As we stand on the precipice of an era marked by evolving 
healthcare challenges, the reevaluation of traditional 
medicines becomes imperative. By repurposing and 
reimagining these age-old remedies, we can unlock a wealth 
of knowledge that holds the potential to address 
contemporary health challenges  (Barzola Baez et al., 2024; 
Mdhluli et al., 2023; Nie et al., 2023; H. Wang et al., 2023).

Throughout history, diverse cultures have relied on 
traditional healing practices, ranging from herbal remedies 
and acupuncture to Ayurveda and traditional Chinese 
medicine. These practices have not only provided relief for 
various ailments but have also contributed to the cultural 
identity and well-being of communities. In the context of 
modern medicine, tapping into this rich heritage offers a 
unique opportunity for therapeutic discovery. The natural 
compounds found in traditional remedies may hold the key to 
novel drugs, providing effective and sustainable solutions for 
prevalent health issues  (Aditya Sharma et al., 2023; Haq et 
al., 2023; Ilyas et al., 2021; Pradhan et al., 2023; Sarma, 
2021).

3.1. THERAPEUTIC INNOVATION THROUGH 
TRADITIONAL MEDICINES
The repurposing of traditional medicines for modern 
therapeutics involves a paradigm shift in how we perceive 
and utilize these age-old remedies. It requires a 
comprehensive understanding of the chemical composition 
of traditional remedies and their potential applications in 
addressing contemporary health challenges. The integration 
of traditional wisdom with modern scientific approaches 
allows for the identification and isolation of bioactive 
compounds with therapeutic properties. Recent 
advancements in analytical techniques and molecular 
biology have facilitated the elucidation of the 
pharmacological mechanisms underlying traditional 
medicines. This has led to the identification of specific 
compounds that exhibit anti-inflammatory, anti-microbial, 
and anti-cancer properties, among others. By incorporating 
these bioactive compounds into modern drug development 
processes, traditional medicines can contr ibute significantly 
to therapeutic innovation. Furthermore, the holistic nature of 
traditional medicine aligns with the current shift towards 
personalized and holistic healthcare. Traditional medicines 
often consider the interconnectedness of physical, mental, 
and spiritual well-being. Integrating these aspects into 
modern healthcare practices can lead to more patient-centric 
and comprehensive treatment approaches' (Baumgart, 2024; 
Bi et al., 2024; Khalid et al.,  2023; Puri et al., 2024).

3.2. Biofuels as an Eco-Friendly Strategy
Simultaneously, the global community faces a pressing need 

to address environmental concerns, particularly in the 
context of energy consumption and greenhouse gas 
emissions. The adoption of biofuels represents a pivotal step 
towards achieving environmental sustainability. Derived 
from renewable biological sources such as crops, algae, and 
organic waste, biofuels offer a cleaner and more sustainable 
alternative to traditional fossil fuels. Unlike conventional 
fossil fuels, biofuels release carbon dioxide during 
combustion, but this is offset by the carbon dioxide absorbed 
by the plants during their growth, creating a closed carbon 
cycle. This significantly reduces the net carbon emissions 
associated with energy production, mitigating the impact on 
climate change. The use of biofuels also holds the potential to 
decrease dependence on finite fossil fuel resources, 
contributing to energy security and resilience (Waryono, 
2019).

3.3. Interconnectedness of Human Health and the 
Environment
This study underscores the intricate link between human 
health and the environment, emphasizing the need for a 
holistic approach to global challenges. The repurposing of 
traditional medicines for therapeutic innovation and the 
adoption of biofuels as an environmentally friendly strategy 
represent two sides of the same coin—a multidimensional 
approach that acknowledges the interconnectedness of 
human well-being and the health of our planet. 
Environmental degradation and climate change can have 
direct and indirect impacts on human health. From the spread 
of infectious diseases to the exacerbation of respiratory 
conditions, the consequences of environmental issues are far-
reaching. Conversely, the pursuit of sustainable practices, 
such as the use of biofuels, not only addresses environmental 
concerns but also contributes to a healthier planet, thereby 
indirectly benefiting human health  '–(Adnyana et al., 2023; 
Cella et al., 2023; Janzik et al., 2024; Jones, 2022).

The critical link between human health and environmental 
well-being necessitates a holistic approach to global 
challenges. Environmental degradation and climate change 
can have profound implications for human health, 
influencing the spread of infectious diseases, air and water 
quality, and overall well-being. Conversely, adopting 
environmentally sustainable practices, such as the use of 
biofuels, can contribute to a healthier planet, indirectly 
benefiting human health.

Integrated studies that examine the dual impact of traditional 
medicine repurposing and biofuel adoption on both human 
health and the environment are emerging. These studies 
explore the potential synergies between therapeutic 
interventions derived from traditional remedies and the 
environmental benefits associated with biofuel use. By 
acknowledging the interconnectedness of these strategies, 
researchers aim to develop comprehensive solutions that 
address the complex challenges faced by societies globally.

3.4. Advocating for a Multidimensional Approach
This abstract advocates for a comprehensive strategy where 
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traditional wisdom contributes to modern healthcare, and 
environmentally friendly practices, such as biofuel adoption, 
pave the way for a greener and healthier future. The 
interconnected strategies proposed in this paper aim to bridge 
the gap between the fields of medicine and environmental 
science, fostering a synergistic relationship that addresses 
pressing global challenges. The repurposing of traditional 
medicines for therapeutic innovation and the adoption of 
biofuels as an environmentally friendly strategy represent 
promising avenues for sustainable solutions. This 

4. Traditional Medicine Repurposing
Preservation of biodiversity traditional medicines often  
utilize a diverse range of plant species, many of which are 
sourced from local ecosystems. The sustainable harvesting 
and cultivation of medicinal plants for traditional medicine 
repurposing contribute to the preservation of biodiversity. 
Efforts are made to prevent over-harvesting and promote 
sustainable practices that ensure the continued health of 
ecosystems. In Cultural preservation the repurposing of  
traditional medicines not only contributes to healthcare 
innovation but also plays a role in preserving cultural 
knowledge and practices. Recognizing the value of 
traditional healing methods encourages the sustainable use of 
medicinal plants and fosters a connection between human 
health and cultural heritage. Ethical sourcing and fair trade as 
the demand for traditional medicines increases, there is a 
growing emphasis on ethical sourcing and fairtrade practices. 
This ensures that communities involved in the cultivation and 
harvesting of medicinal plants receive fair compensation, 
promoting social equity and environmental stewardship 
''(Adhikari et al., 2020; Kumar Verma et al., 2021; Low et al., 
2023; R. Singh et al., 2021).

4.1. Correlation between Traditional Medicine and 
Biofuel Adoption
 Its interconnected solutions the correlation between  
traditional medicine repurposing and biofuel adoption lies in 

multidimensional approach embraces the rich cultural 
heritage of traditional medicines while responding to the 
urgent need for environmental stewardship. As we navigate 
the complexities of the 21st century, this review paper seeks 
to contribute to the ongoing dialogue on how best to integrate 
traditional wisdom and modern advancements for the 
betterment of global health and the environment (Ahmad et 
al., 2023; Cella et al., 2023; Hassan-Kadle et al., 2024; 
Lokmic-Tomkins et al., 2024).

their shared goal of promoting environmental sustainability. 
Both strategies recognize the importance of embracing 
natural, renewable resources while minimizing adverse 
impacts on ecosystems. That is Holistic Approach Integrating 
traditional medicines and biofuels into a comprehensive 
strategy acknowledges the interdependence of human health 
and the environment. A holistic approach considers not only 
the immediate health benefits of traditional remedies but also 
the long-term environmental consequences of energy 
choices. Its community involvement Both traditional 
medicine practices and biofuel production can involve local 
communities. Engaging communities in sustainable 
practices, whether through the cultivation of medicinal plants 
or the production of biofuels, strengthens the connection 
between human well-being and environmental stewardship  
'(Garrido Ojeda, 2021; Portela, 2019).

In the environmental-friendly strategy, as manifested through 
the correlation between traditional medicine repurposing and 
biofuel adoption, embodies a commitment to sustainable, 
responsible practices. This strategy recognizes the intrinsic 
link between human health and the health of the planet, 
fostering a symbiotic relationship where advancements in 
healthcare contribute to environmental conservation, and 
environmentally friendly practices support improved human 
health    (de Jesus et al., 2024; Jiang et al., 2021; Vaghela & 
Gohel, 2023; Zohra et al., 2022).

Figure 2: Therapeutic Innovation through Traditional Medicines.
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5. Renewable Energy Source 
While the term "Renewable Energy Source" primarily refers 
to sustainable sources of power generation, such as solar, 
wind, hydro, and geothermal energy, we can draw parallels 
between the principles of renewable energy and the broader 
concept of bridging health and the environment through 
traditional medicine repurposing and biofuel adoption. 
Renewable energy is energy derived from natural sources that 
are replenished at a higher rate than they are consumed. Let's 
explore these connections in detail Renewable energy  
Source, by definition, is derived from sources that are 
naturally replenished on a human timescale. Solar energy 
harnesses the power of the sun, wind energy captures the 
motion of the wind, hydro energy relies on the movement of 
water, and geothermal energy taps into the Earth's internal 
heat. These sources operate within natural cycles, promoting 
sustainability and minimizing environmental impact. 
Similarly, traditional medicine repurposing and biofuel 
adoption align with natural cycles. Traditional medicines 
often leverage the healing properties of plants and minerals 
that are naturally occurring and renewable. Biofuels, derived 
from organic materials, represent a cycle where carbon is 
absorbed during plant growth and released during 
combustion, creating a closed-loop system that minimizes net 
carbon emissions  –(Bendaoud et al., 2022; de Jesus et al., 
2024; Gebrehiwot et al., 2022; NUGROHO et al., 2022).

5.1. Reduced Environmental Impact
Compared to traditional fossil fuels, renewable energy 
sources generally have lower environmental impact. They 
produce fewer greenhouse gas emissions, reduce air 
pollution, and contribute to mitigating climate change. The 
adoption of biofuels as an environmentally friendly strategy 
aligns with the reduced environmental impact seen in 
renewable energy sources. Biofuels contribute to lower net 
carbon emissions, supporting a cleaner and more sustainable 
alternative to conventional fossil fuels. This shift in energy 
sources has a positive impact on air quality and addresses 
environmental concerns - (Abbas et al., 2023; Khare et al., 
2023; Khosravi et al., 2024; D. Wang et al., 2022).

5.2. Holistic Approach to Health and Environment
The pursuit of renewable energy often involves a holistic 
approach to environmental conservation. It recognizes the 
interconnectedness of ecosystems and aims to promote a 
balanced coexistence with nature and similarly, the 
repurposing of traditional medicines emphasizes a holistic 
approach to health. Traditional healing practices often 
consider the interconnectedness of physical, mental, and 
spiritual well-being. By integrating traditional medicine into 
modern healthcare practices, there is an acknowledgment of 
the holistic nature of human health   (Ashebo, 2019; Kamsu-
Foguem & Foguem, 2014; Kansal & Mishra, 2023; 
Woldearegay & Regassa, 2023).

5.3. Promotion of Sustainable Practices
The utilization of renewable energy promotes sustainable 
practices in energy production. It encourages the 
development and implementation of technologies that 

harness natural resources without depleting them, fostering 
long-term sustainability. The sustainable use of medicinal 
plants in traditional medicine aligns with the principles of 
renewable resources. Practices that emphasize ethical 
sourcing, fair trade, and conservation contribute to the 
longevity of traditional medicine knowledge and its 
beneficial impact on health  (Abere et al., 2022; Katoch et al., 
2017; G. Wang et al., 2022).

5.4. Community Involvement and Cultural 
Preservation
In renewable energy source, many projects involve 
community engagement. Additionally, they often respect the 
cultural and environmental sensitivities of local 
communities. Traditional medicine, deeply rooted in cultural 
practices, involves communities in the preservation and 
continuation of knowledge. The sustainable use of herbal 
remedies ensures that cultural practices are maintained, 
contributing to the well-being of communities. While the 
term "Renewable Energy Source" traditionally applies to 
forms of sustainable energy, there are clear correlations with 
the broader strategies of bridging health and the environment 
through traditional medicine repurposing and biofuel 
adoption. Both approaches recognize the importance of 
sustainable, natural practices in promoting the well-being of 
both humanity and the planet. The interconnectedness of 
these strategies underscores the need for comprehensive, 
holistic solutions to global challenges (Abid Ghafoor 
Chaudhry et al., 2014; ODonnell et al., 2018; Ozkan, 2006). 

6. Diversification of Energy Mix
The "Diversification of Energy Mix" refers to the strategic 
integration of various energy sources to create a balanced and 
resilient portfolio. This approach aims to reduce reliance on a 
single energy source, promoting sustainability, energy security, 
and environmental stewardship. Correlating the concept of 
diversifying the energy mix with bridging health and the 
environment through traditional medicine repurposing and 
biofuel adoption involves recognizing the interconnected 
strategies that contribute to a more holistic and sustainable 
future. Let's explore these connections in detail '' (Ariyanto, 
2019; Kinicki & Fugate, 2020; Lutfiah, 2019). 

6.1. Reducing Environmental Impact
The incorporation of renewable energy sources, such as solar, 
wind, hydro, and geothermal, in the energy mix is a key 
component of reducing the environmental impact of energy 
production. These sources generate electricity with lower 
carbon emissions, contributing to efforts to mitigate climate 
change and improve air quality. Biofuel adoption as an 
environmentally friendly strategy aligns with the goal of 
reducing the environmental impact of energy production. 
Biofuels, derived from renewable biological sources, release 
carbon dioxide during combustion, but this is offset by the 
carbon dioxide absorbed during plant growth, creating a 
closed carbon cycle. This aligns with the broader objective of 
minimizing the environmental footprint of energy 
consumption  (Bratti et al., 2014; Jamwal et al., 2023; Titik 
Wijayanti et al., 2023).
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6.2 Promoting Energy Security
A diverse energy mix enhances energy security by reducing 
dependence on a single energy source. This resilience is 
crucial in mitigating the impact of supply disruptions, price 
fluctuations, or geopolitical tensions associated with a 
specific energy resource. Traditional medicine repurposing 
contributes to health security by diversifying the sources of 
therapeutic agents. By exploring traditional remedies 
alongside modern pharmaceuticals, there is a broader range 
of treatment options, reducing dependence on a singular 
approach. This diversification contributes to a more resilient 
healthcare system  (Andersen & Østergaard, 2018; Do et al., 
2023; Ma et al., 2024; Suman et al., 2022).

6.3 Cultural and Community Engagement
In many cases, the deployment of renewable energy projects 
involves community engagement, considering the cultural 
and environmental sensitivities of local populations. This 
approach fosters social acceptance and ensures that the 
benefits of energy projects are shared. Traditional medicine, 
deeply rooted in cultural practices, also involves community 
engagement. The sustainable use of medicinal plants and the 
integration of traditional healing practices in modern 
healthcare strategies contribute to the preservation of cultural 
heritage and community well-being ''(Haenssgen et al., 2021; 
Nelson et al., 2022; Pertiwi et al., 2024; Vaishnavi Narsingrao 
Patange, 2023).

6.4  Economic Opportunities and Innovation
The development of diverse energy sources creates economic 
opportunities and fosters innovation. It stimulates job 
creation in emerging sectors and promotes the growth of a 
green economy. The exploration of traditional medicine for 
therapeutic innovation and the adoption of biofuels creates 
economic opportunities. Research and development in these 
areas contribute to job creation, knowledge exchange, and the 
growth of sustainable industries, aligning with the economic 
aspects of energy mix diversification ––—            (Anggraeni 
et al., 2023; de Oliveira et al., 2023; Lewandrowski et al., 
2023; Nursanty et al., 2023).

6.5  Holistic Approach to Health and Environment
A diversified energy mix is part of a holistic approach to 
environmental stewardship. It acknowledges the 
interdependence of human well-being and the health of the 
planet, seeking solutions that balance ecological 
sustainability with societal needs. The repurposing of 
traditional medicines and the adoption of biofuels represent a 
holistic approach to addressing health and environmental 
challenges. Integrating traditional wisdom into modern 
healthcare practices and embracing environmentally friendly 
energy sources contribute to a comprehensive strategy that 
considers both human health and the ecological well-being of 
the planet. The diversification of the energy mix and the 
correlated strategies of traditional medicine repurposing and 
biofuel adoption share common principles of sustainability, 
resilience, and a holistic approach to addressing global 
challenges. By recognizing and leveraging these 
interconnected strategies, we move towards a more balanced, 

secure, and sustainable future that prioritizes the well-being 
of both humanity and the environment  '(Betancourt et al., 
2021; Hadapad et al., 2020; Kamsu-Foguem & Foguem, 
2014). 

7. Promotion of Agricultural Sustainability and 
challenges 
The concept of "Promotion of Agricultural Sustainability" 

involves adopting practices and technologies in agriculture 

that contribute to long-term environmental health, social 

well-being, and economic viability. Correlating this idea with 

bridging health and the environment through traditional 

medicine repurposing and biofuel adoption reveals a set of 

interconnected strategies that collectively address global 

challenges. Let's explore these connections in detail  (Abd El-

Aziz et al., 2023; Kumar et al., 2023; Supentri et al., 2022; 

Suwardi et al., 2020). 

Agricultural sustainability emphasizes the importance of 

agroecological practices that maintain and enhance 

ecosystem health. This includes practices such as organic 

farming, crop rotation, and agroforestry, which promote 

biodiversity, soil fertility, and water conservation. Traditional 

medicine often relies on plants and herbs, many of which are 

sourced from agricultural practices. The sustainable 

cultivation of medicinal plants aligns with agroecological 

principles, contributing to the health of ecosystems. By 

promoting agroecological practices, traditional medicine 

repurposing becomes intertwined with sustainable 

agriculture. Promotion of Agricultural Sustainability: 

Sustainable agriculture prioritizes the conservation of 

biodiversity. Diverse crop rotations, cover cropping, and 

integrated pest management contribute to the health of 

ecosystems by fostering a variety of plant and animal species. 

Traditional medicine often relies on a wide variety of plant 

species. The sustainable cultivation and harvesting of these 

plants contribute to biodiversity conservation. By promoting 

the responsible use of medicinal plants, traditional medicine 

practices align with the broader goal of maintaining a diverse 

and resilient environment.

Ethical sourcing and fair-trade practices are crucial components 

of sustainable agriculture. They ensure that farmers receive fair 

compensation, promote social equity, and discourage 

environmentally harmful practices. Traditional medicine 

repurposing involves the sourcing of medicinal plants. By 

emphasizing ethical sourcing and fair trade, the traditional 

medicine industry contributes to sustainable agriculture. This 

approach ensures that communities involved in the cultivation 

of medicinal plants benefit economically and that the 

environment is treated responsibly. Sustainable agriculture 

aims to minimize reliance on synthetic chemicals and 

pesticides. Integrated pest management, organic farming, and 

other sustainable practices reduce the environmental impact of 

chemical inputs '(Krishna et al., 2021; Reza & Khouzani, 2022; 

ul Haq et al., 2022).
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The cultivation of medicinal plants for traditional medicine 

often aligns with organic farming practices. By reducing 

reliance on synthetic chemicals, traditional medicine 

practices contribute to the overall goal of minimizing the 

environmental footprint of agriculture. This shared emphasis 

on reduced chemical inputs underscores the connection 

between traditional medicine repurposing and agricultural 

sustainability  –––(Ojha et al., 2022; Raghav et al., 2022; 

Rana et al., 2022).

Sustainable agriculture not only focuses on environmental 

health but also on the nutritional well-being of communities. 

Diverse and nutrient-rich crops contribute to improved 

community health. Traditional medicines, derived from 

various plants and herbs, often have nutritional benefits. The 

integration of traditional medicine into healthcare practices 

contributes to community health and nutrition. By promoting 

the use of diverse plant species, both traditional medicine 

repurposing and sustainable agriculture contribute to holistic 

community well-being. Some biofuels are derived from 

crops, such as sugarcane, corn, or switchgrass. Sustainable 

biofuel production involves responsible land use, avoiding 

deforestation, and promoting efficient crop management. 

The adoption of biofuels as an environmentally friendly 

strategy involves the cultivation of biofuel feedstock crops. 

By promoting sustainable practices in biofuel feedstock 

production, the correlation with agricultural sustainability is 

evident. Both traditional medicine repurposing and biofuel 

adoption contribute to sustainable agricultural practices  

–(Kala, 2022; Ojha et al., 2022; Silverio et al., 2022).

8. CONCLUSION
Sustainable solutions that bridge health and environment are 

pivotal for a resilient future. Repurposing traditional 

medicine offers a dual advantage: it preserves cultural 

heritage and provides eco-friendly health alternatives. 

Integrating these time-tested practices into modern 

healthcare can enhance global health outcomes while 

reducing the environmental footprint of conventional 

pharmaceuticals. Concurrently, adopting biofuels derived 

from organic waste and sustainable sources presents a viable 

path to mitigate climate change. By reducing reliance on 

fossil fuels, biofuels can significantly lower greenhouse gas 

emissions, contributing to a cleaner, healthier planet. 

Together, these strategies underscore the synergy between 

traditional wisdom and modern innovation in addressing 

contemporary challenges. Embracing such holistic 

approaches not only fosters environmental sustainability but 

also promotes public health, paving the way for a balanced 

and harmonious coexistence of human societies with nature.
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started working to combat arsenic poisoning problem of water in the arsenic prone 
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to combat arsenic problem in India.
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