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The latest issue of Kahaar (a multilingual people's science magazine), Volume 13 (Issue 1), 2026, was officially
released during a conference at Mahayogi Gorakhnath University (MGUG), Balapar, Gorakhpur, on 17th February
2026. The release ceremony was graced by several eminent personalities, including: Mr. Manoj Kumar Singh, IAS,
Former Chief Sicretary and CEO of the State Transformation Commission (STC) of Uttar Pradesh, Dr. Ravindra Pratap
Singh, Chairman, Uttar Pradesh Pollution Control Board (UPPCB), Lucknow. Dr. Rajendra Singh, known as the
Jalpurush (Waterman of India), Professor Rana Pratap Singh (Retd Senior Professor), Chief Editor of Kahaar
Magazine, and many other distinguished experts and personalities, who have made significant contributions to their
respective fields. The dignitaries facilitated the launch of this Magazine and commended for its dedication to making
science accessible to the public through multiple languages.
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It is said that a true benefactor is one who gives but does not boast about it. Our trees, our earth, our rivers, and our
skies —all ceaselessly provide us water, life, breath, food, and energy, yet they never utter a word. They are all
exemplary givers, but we are not worthy receivers. We remain intent on harming and destroying them. How, then, can
we claim to be the superior beings of the Earth's ecosystem? We are certainly not the supreme beings.

Water is essential for green foliage to produce food. The tasks of cooking, washing, and digesting our own food
are also accomplished through the use of water. Water is indispensable for absorbing solar energy to create food, as
well as for washing, drying, cooking, and consuming that food —and subsequently breaking it down within our bodies
to provide us with energy. Water is also required for bathing, cultivating crops, performing religious rituals, engaging
in recreation, and for decomposing, dissolving, and flushing away waste materials. Without water, there is no life;
there is no world. Without water, no form of vitality is possible anywhere.

Both above and beneath the Earth's surface exists a water system that constitutes an integral part of the global
ecosystem. On the Earth's surface, water melts from the glaciers atop mountain peaks and flows through a vast
network of rivers — ranging from mighty waterways to smaller streams — as well as through canals, lakes, ponds, wells,
stepwells, and similar structures, eventually merging into the boundless ocean. Beneath the Earth's surface, water
flows through numerous layers of rock, coursing through an intricate web of subterranean water sources. This
immense reservoir of water—extending from the depths of the Earth to its surface—remains interconnected
throughout.

Evenin the sky, rivers of water flow within the clouds in the form of vapor. When this water cools, it precipitates
as rain upon the land; conversely, when temperatures rise, it evaporates and transforms back into clouds. Viewed in
this light, rivers of water flow continuously —from the heavens down to the depths of the earth—assuming various
forms and carving out their own niches in diverse locations, thereby sustaining both life and the world. Furthermore, a
significant portion of the bodies of living organisms is composed of water; consequently, no vital function of life can be
performed withoutit.

Itis widely believed that life on Earth originated within water itself. Civilizations flourished along the banks of
rivers and the shores of seas. It was through the routes provided by oceans and rivers that trade and economic systems
first emerged. Industries were established, and voyages of exploration led to the discovery of numerous new
territories. Vasco da Gama, who forged the link between India and Europe, arrived at the coast of Kerala — specifically
in the Calicut region — via the sea route. The fishermen, traveling to various destinations, served to connect different
places and cultures. In the Indian context, the profound significance of water has been extolled in Hindu mythological
scriptures since ancient times. Most ancient temples and pilgrimage sites were established along riverbanks and
coastlines; however, rivers and water bodies no longer command the same reverence they once did. Water has fallen
victim to the distortions and excesses of the human economy. The oceans are becoming warmer and increasingly
polluted; rivers are beginning to run dry. Heaps of filth and waste are accumulating both in the vicinity of water bodies
and within their depths. For centuries, the toxic effluents from agricultural fields, plantations, cities, metropolises, and
industries have been discharged into the water. Its natural flow is being obstructed, its vitality is being depleted, and
the very essence of its spirit is being extinguished. Human interference with the natural state of water has now far
exceeded the limits of its biological and ecological resilience.

Governments, administrative machinery, responsible institutions, concerned officials, and experts continue to
engage in rhetoric; seminars are held, projects are launched, and vast sums of money are squandered one after another.
Something might may be happening too, yet, the water supply remains insufficient, and neither its toxicity nor its filth
shows any signs of diminishing. It appears that everyone has lost their sense of shame — water in their eyes." Once the
"water in the eyes" has dried up, a scarcity of physical water on Earth becomes an inevitable consequence. In such a
scenario, what can the water itself possibly do? You and I will either do something, or we will all get punished by the
nature. For the time being, no third path isin sight.

Climate change, global warming, a growing human population, and the ever-increasing demand for water
within dense economies are poised to further exacerbate the contemporary water crisis. This crisis can only be resolved
when the general public worldwide awakens to the issue and exercises vigilant oversight regarding accountability. To
this end, humanity stands in need of leaders. Voices are being raised, stirrings of change are taking place, and some
individuals are dedicating their lives to the cause of water; yet it appears that this is not yet enough. That decisive
turning point has not yet arrived; it lies hidden somewhere within the womb of the future, awaiting the emergence of a

new form of leadership. ) "
i | 'r%ﬁ'f

(Rana Pratap Singh)
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Ecological and Public Health Risks of Emerging
Contaminants in the River Ganga

Abstract

With ongoing development and
industrialization, the synthesis and
use of new chemicals are increasing
rapidly, leading to their growing
release into the environment as
emerging contaminants (ECs). These
contaminants are increasingly
detected in rivers and other surface
water bodies, posing significant
risks to aquatic ecosystems and
human health. This article examines
the occurrence and levels of various
classes of ECs in the River Ganga.
Major categories include
pharmaceuticals, personal care
products (PCPs), pesticides,
microplastics (MPs), plasticizers,
endocrine-disrupting chemicals
(EDCs), persistent organic pollut-
ants (POPs), and disinfection by-
products (DBPs). Among these,
microplastics, PFAS, and banned
pesticides have recently emerged as
major contaminants of concern.
Microplastics have been reported at
notably high levels, reaching up to
1550 particles L~ in water and 1300
particles kg=! in sediments in the
upper Himalayan stretch (Gangotri-
Haridwar), indicating increasing
anthropogenic pressure even in
upstream regions. Per- and
polyfluoroalkyl substances (PFAS)
are dominated by short-chain
compounds such as perfluoro-
butanesulfonic acid (PFBS), with
concentrations up t010.2 ng L=1, and
hotspots observed in downstream
regions near Kanpur and Patna.
Pharmaceuticals also show elevated
concentrations (up to 822.81 ng L),

Sejal Shukla', Seema Mishra", Ruchi Agnihotri’

largely dominated by caffeine (743
ng L-1), reflecting the strong
influence of untreated domestic
wastewater. Similarly, pesticide
concentrations as high as 16,220 ng
L-1 have been reported in the middle
Ganga stretch, with elevated levels
of a-BHC and DDT indicating both
historical persistence and ongoing
agricultural inputs, despite the ban
on DDT for agricultural use since
1989.Thus, the middle Ganga stretch
emerges as a major hotspot due to
urbanization, industrial discharge,
and tributary inputs, while the
downstream stretch reflects
cumulative pollutant loading.
Overall, the presence of diverse ECs
highlights significant ecological and
public health risks. These findings
emphasize need to ensure the
sustainability of the River Ganga.

1. Introduction

Water pollution has become a
major environmental concern in
recent decades. Rapid population
growth, urbanization, and
industrial expansion have
significantly increased the
discharge of domestic sewage
and industrial effluents into
surface waters, leading to the
deterioration of water quality and
the degradation of aquatic
ecosystems. Rivers, in particular,
often serve as sinks for a wide
range of pollutants. The Ganga,
the most revered river in India is
now regarded as one of the most
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polluted rivers in the world.
Hindus call it Ma Ganga (mother
Ganga) as it delivers wide-
ranging services encompassing
the transitions of water to food,
energy to ecology, lives to liveli-
hoods, social concerns to eco-
nomic, and cultural consider-
ations to spiritual. It is the largest
river of the Indian sub-continent,
originating from the Gaumukh
ice cave of the Gangotri glacier in
Uttarakhand and flows >2,500
kilometers through the Indian
states of Uttarakhand, Uttar
Pradesh, Bihar, Jharkhand, and
West Bengal before ultimately
discharging into the Bay of
Bengal (Singh and Singh, 2007).
The basin is the largest river
catchment in the country and
supports the livelihood of more
than 600 million people by
providing water and fertile
sediments for agriculture,
industry and domestic use
(Chuphal et al., 2025). The basin
of river Ganga supports extensive
agro-industrial activity account-
ing for approximately 40% of
India's gross domestic product
(Dangar and Mishra, 2021).
Because of its immense ecologi-
cal, economic, and cultural
significance, the Ganga is
regarded as the lifeline of north-
ern India. At a spiritual level,
Hindus living in any part of the
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world aspire to take a holy dip in
the Ganga, considering it sacred
and purifying.

Water from the Ganga has
been reported to exhibitrelatively
high levels of dissolved oxygen
and notable antimicrobial prop-
erties, indicating a strong natural
self-purification capacity
(Nautiyal, 2009). However,
increasing anthropogenic pres-
sures have significantly reduced
this assimilative capacity, result-
ing in marked deterioration of
water quality (Dwivedi et al.,,
2018). The river's pollution load
comprises both organic and
inorganic contaminants, primar-
ily originating from municipal
sewage, industrial effluents, and
agricultural runoff, as well as
from religious and other human
activities. Among these,
untreated municipal sewage
represents the largest contribu-
tion, followed by industrial
discharges and diffuse agricul-
tural inputs. Activities such as
mass bathing, washing of clothes
and livestock, and the disposal of
solid waste and human remains
further exacerbate contamina-
tion. Overall, the major sources of
pollution in the Ganga can be
broadly classified into four
categories: municipal sewage,
industrial effluents, agricultural
runoff, and religious activities
(Dwivedi et al., 2018). To address
these challenges and restore the
river, the Government of India
has implemented several initia-
tives. The Ganga Action Plan
(GAP) was launched in 1986 to
reduce sewage discharge, fol-
lowed by GAP Phase II in 1993,
which aimed to control pollution
from major tributaries. In 2009,
the National Ganga River Basin
Authority (NGRBA) was estab-
lished under the Environment
(Protection) Act, 1986, and the

Ganga was declared a National
River. Subsequently, in 2014, the
Namami Gange Programme was
launched with a comprehensive
and integrated approach, sup-
ported by substantial financial
investment, to reduce pollution
and rejuvenate the river. Despite
these policy measures and
significant investments, improve-
ments in water quality have
remained limited. Moreover,
comprehensive data on the
occurrence and distribution of
various pollutants, particularly
emerging contaminants in
surface water bodies, remain
inadequate.

Previous studies have
primarily focused on conven-
tional pollutants in the Ganga,
such as pesticides, heavy metals,
total organic carbon, and micro-
bial contamination. However, the
increasing use of pharma-
ceuticals, personal care products
(PCPs), industrial chemicals, and
agrochemicals has led to the
emergence of a new class of
pollutants known as emerging
contaminants (ECs), which pose
significant risks to riverine
ecosystems. ECs are synthetic
chemicals present at concentra-
tions ranging from nanograms to
micrograms per liter (ng/L to
ng/L). They are generally not
included in routine monitoring
programs, yet they can cause
adverse ecological and human
health effects. Rapid urbanization
and increased chemical usage
have accelerated the release of
ECs into aquatic environments.
These contaminants enter rivers
through municipal wastewater,
industrial effluents, agricultural
runoff, and the reuse of inade-
quately treated wastewater for
irrigation. Although often
present at low concentrations,
ECs are persistent, bioactive, and

often bioaccumulative, making
them potentially toxic to both
aquatic organisms and humans.
As such, they represent a signifi-
cant environmental and public
health concern.

Major class of the Emerging
Contaminants (ECs)

Emerging contaminants (ECs) are
typically classified based on their
sources, usage patterns, and
potential impacts on human
health and the environment.
Major groups include pharma-
ceuticals, personal care products
(PCPs), pesticides, microplastics
(MPs), plasticizers, endocrine-
disrupting chemicals (EDCs),
persistent organic pollutants
(POPs), and disinfection by-
products (DBPs) (Fig. 1). Among
these, pharmaceuticals and PCPs
are of particular concern due to
their rapidly increasing use in
human and veterinary applica-
tions, as well as their incomplete
removal by conventional waste
water treatment systems. Global
projections suggest that antibiotic
use could rise by nearly 200%
between 2015 and 2030, raising
serious concerns about the
effectiveness of existing treat-
ment infrastructure and the
continuous release of bioactive
residues into aquatic environ-
ments (Cyconi et al., 2019). Conse-
quently, even treated effluents
may act as a source of these
compounds, as their presence in
influent wastewater directly
influences the quality of dis-
charged effluent (Scheringer et
al., 2012). Recent studies have
highlighted a high risk of antibi-
otic-resistant bacteria in the
Ganga River. Biofilm-forming
bacterial groups such as
Firmicutes, Proteobacteria, and
Bacteroidetes have been identi-
fied in both water and sediment,
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raising concerns about the
dissemination of multidrug and
metal resistance (Srivastava and
Verma, 2025). Similarly, another
study reported varying levels of
antibiotic resistance among
coliform isolates across the
upper, middle, and lower
stretches of the Ganga River. Sites
such as Gangotri and Devprayag
also exhibited significant E. coli
contamination and antibiotic
resistance (Balkrishna et al.,
2024). These findings collectively
highlight the risks associated
with antibiotic resistance genes in
the Ganga River ecosystem.

Persistent organic pollutants
(POPs) represent another impor-
tant class of ECs due to their long
environmental half-lives, hydro-
phobic nature, and potential for
bioaccumulation. This group
includes polychlorinated biphen-
yls (PCBs), polycyclic aromatic
hydrocarbons (PAHs), poly-
brominated diphenyl ethers
(PBDEs), perfluorinated com-
pounds (PFCs), and pesticides
such as chlorpyrifos and mala-
thion (Liu et al., 2020). Similarly,
disinfection by-products (DBPs),
formed during water treatment
processes, comprise a diverse
group of over 600 identified
compounds, including
trihalomethanes and haloacetic
acids, many of which are known
for their toxic and carcinogenic
properties. In the Ganga basin, a
wide spectrum of ECs and their
subclasses has been reported,
underscoring the complexity of
the pollution scenario (Table 1).
These compounds are considered
“emerging” primarily because
their environmental occurrence
has only recently been recog-
nized and they are not yet
included in routine monitoring
programs in India. In this context,
several recent studies in the

Ganga River have reported
significant levels of these
contaminants and their associ-
ated risks (Dwivedi et al., 2018;
Agnihotrietal., 2025).

Total PAH concentrations in
the Ganga River exceed recom-
mended limits, with more toxic
high molecular weight (HMW)
PAHs dominating in regions
such as Fatehpur and
Kaushambi, particularly in rural
areas where river water is exten-
sively used for irrigation and
domestic purposes (Sonwani et
al., 2023). The occurrence of
organochlorine pesticides
(OCPs) across the river shows
considerable seasonal and spatial
variation, with higher contami-
nation and ecological risks
observed in the lower stretch of
the Ganga River. Compounds
such aslindane and chlordane are
frequently detected (Sah et al.,
2020). Risk assessments further
reveal elevated levels of aldrin
and DDT in the middle stretch,
while HCH and heptachlor pose
significant risks in the upper and
lower stretches, respectively.
These findings highlight the
urgent need for improved
pesticide management and
monitoring strategies (Shah et al.,
2021). Moreover, recent studies
confirm widespread contamina-
tion of the Ganga River system
with PAHs, chlorinated hydro-
carbons (CHCs), PCBs, pesti-
cides, and DBPs, with several
compounds exceeding permissi-
ble limits and posing serious
ecological and public health
concerns (Agnihotri et al., 2025).
The occurrence of microplastics
(MPs) and nanoplastics in surface
water is another emerging
concern for both human and
environmental health. Recent
studies show that MP concentra-
tions range from 100 to 1550

particles/L in water and from 50
to 1300 particles/kg in sediments
in the upper Himalayan stretches
of the Ganga, including
Devprayag, Rishikesh, and
Haridwar (Chaudhary et al.,
2025). MPs in the size range of 300
pum to 1 mm have been reported
as dominant across various
stretches of the river, with maxi-
mum abundance at Prayagraj
(5.18 pieces/m?), followed by
Haridwar (3.68 pieces/m?) and
Patna (3.05 pieces/m?). The high
levels of MPs in Prayagraj may be
attributed to the confluence with
the Yamuna River, which carries
a substantial MP load, reaching
up to 5.95 pieces/m? at Agra
(Gupta et al., 2024). In addition,
per- and polyfluoroalkyl
substances (PFAS) have been
frequently detected in the Ganga
River. Fifteen PFAS compounds
were identified, with the highest
concentrations observed for
PFHxA (0.4-4.7 ng L) and PFBS
(up to 10.2 ng L). The spatial
distribution of PFAS suggests
common emission sources, while
PFDA and PFNA were present at
much lower concentrations and
showed covariance with PFOA,
particularly at two hotspot
regions downstream of Kanpur
and Patna.

The concentrations of ECs
vary spatially due to differences
in consumption patterns,
wastewater treatment efficiency,
physicochemical properties, and
local discharge intensity (Ahmad
et al., 2022) (Fig. 2). In densely
populated regions along the main
stream of the Ganga River, such
as Rishikesh and Haridwar,
religious tourism and seasonal
mass bathing are major sources of
ECs. In Kanpur, leather tanneries
and textile industries are the
primary contributors, while in
Prayagraj, the confluence zone
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Table 1: Major class of Emerging Contaminants (ECs) their chemical names and their Abbreviations

S. No. Compound class Sub-class Abbreviation
Perfluorobutanoic acid PFBA
Perfluoropentanoic acid PFPA
Perfluorohexanoic acid PFHxA
Perfluoroheptanoic acid PFHpA
Perfluorooctanoic acid PFOA
Perfluorononanoic acid PFNA
Perfluorodecanoic acid PFDA
Perfluoroundecanoic acid PFUnDA
Perfluorododecanoic acid PFDoDA
Perfluorotridecanoic acid PFTrDA
" Perfluorinated compounds Perfluorobutane sulfonate PFBS
(PFAS) Perfluorohexane sulfonate PFHxS
Perfluoroheptane sulfonate PFHpS
Perfluorooctane sulfonate PFOS
Perfluorodecane sulfonate PFDS
Perfluorooctane sulfonamide PFOSA
T e MO
N-ethyl perfluorooctane sulfonamide EtFOSA
perﬂuorooctalielsllllelzgigmidoethanol MeFOSE
perﬂuorooctari\eISIeJtllflc}:rllamidoethanol EtFOSE
Atenolol
Caffeine
Carbamazepine
Ciprofloxacin
Clofibric acid
5 Pharmaceuticals Diclofenac
Hydrochlorothiazide
Ibuprofen
Ketoprofen
Naproxen
Acetaminophen
Sulfamethoxazole
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S. No.

Compound class

Sub-class

Abbreviation

Personal Care Products (PCPs)

Triclocarban

TCC

Triclosan

TCS

N,N-Diethyl-meta-toluamide

DEET

2-Ethyl-hexyl-4-trimethoxycinnamate

EHMC

4-Methylbenzylidene camphor

4-MBC

Galaxolide

HHCB

2-Ethyl-hexyl-4-trimethoxycinnamate

EHMC

Methylparaben

4 Artificial Sweeteners (ASWs)

Acesulfame K

Cyclamate

Saccharine

Aspartame

Sucralose

5 Pesticide

a-Benzene Hexachloride

a-BHC

Y- Benzene Hexachloride(Lindane)

y-BHC

- Benzene Hexachloride

B-BHC

Heptachlor

0- Benzene Hexachloride

0-BHC

Aldrin

Heptachlor epoxide

y-Chlordane

a-Chlordane

Endosulfan I

4,4'-dichlorodiphenyldichloroethylene

4,4-DDE

Dieldrin

Endrin

Parathion

Diazinon

Chlorpyrifos

Dimethoate

Carbofuran

Dichlorvos

Phorate

Sources of ECs in River Ganga

with a high domestic sewage load
significantly influences
contaminant levels. In Varanasi,
religious activities, hospitals, and
urban runoff play a major role,

whereas in the Kolkata metropol-
itan region, industrial operations
and port activities contribute
substantially to EC pollution in
the Ganga. Pharmaceuticals and

personal care products (PCPs)
primarily originate from hospi-
tals, households, and industrial
activities. These compounds
enter municipal wastewater
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streams and are subsequently
discharged into the Ganga or its
tributaries. Microplastics (MPs)
reach aquatic systems through
both direct and indirect path-
ways. Urban centers such as
Delhi, Kanpur, Varanasi, and
Kolkata are major hotspots for
plastic waste generation, and
MPs are transported into the
Ganga via tributaries and storm-
water drains. Similarly, per- and
polyfluoroalkyl substances
(PFAS) enter the river system
through industrial discharges,
firefighting foams, landfill
leachate, and effluents from
wastewater treatment plants,
contributing to the overall
contaminant burden.

Major tributaries signifi-
cantly modify the contaminant
profile of the Ganga by transport-
ing pollutant loads from large
urban and industrial clusters and
delivering them to specific
stretches of the main river. For
instance, the Yamuna River,
which receives large volumes of

untreated wastewater from
Delhi, Mathura, and Agra, joins
the Ganga at Prayagraj and
substantially increases the load of
pharmaceuticals, PCPs, MPs, and
pesticides in the middle stretch of
the river (Dwivedi et al., 2020).
Similarly, the Gomti River drains
the densely populated city of
Lucknow and discharges domes-
tic sewage, hospital effluents, and
urban runoff into the Ganga near
Ghazipur, thereby elevating both
organic and inorganic contami-
nation downstream of the conflu-
ence. The Ramganga River,
influenced by electroplating and
metal-processing industries in
Moradabad, merges with the
Ganga near Kannauj and contrib-
utes industrial organic pollutants
and metal-associated contami-
nants to this stretch. Through
these confluences, tributaries act
as major secondary sources that
alter contaminant flux, reduce the
effective dilution capacity, and
increase ecological risks in the
mainriver.

Emerging Contaminants (ECs)

The occurrence of emerging
contaminants (ECs) is further
influenced by their persistence
and mobility, which enable
certain compounds to be trans-
ported far from their original
sources. In the Ganga River,
hydrological factors such as flow
velocity, water level fluctuations,
and sediment dynamics regulate
dilution and deposition pro-
cesses. Land-use patterns,
agricultural intensity in the
middle Ganga plains,
anthropogenic pressures, and
monsoon-driven runoff control
the magnitude and seasonal
timing of contaminant inputs.
Consequently, relatively low
concentrations are generally
observed in less-impacted
headwater stretches, whereas
urban-industrial zones and
major confluence points act as
accumulation hotspots.

The occurrence of ECs along
different stretches of the Ganga
River shows considerable spatial
variability. The data presented in

Based on Uses

I 1 1 1

Based on effects on
Environment and
Human Health

Fharmaceunticals FPesticides Fersonal Care Disinfection By Microplastics Emdocrine- Fersistent
Products Products Disrupting Organic
Chemicals Pollutants
S, ISV = = = Y Tl e
w —— — ] \ -
wo— — - - =
- e |1/ BT A el A
—-—:—-n-h\‘ Tl —
For &.g.,
For e.g. For ¢.g For e.g. For e.g., Foreg., Polvevelic
Diclofenac, Chlarpyrifos, Smmscrecn agenls, Chiloreferm, Polyeihylens, Bisphenol-A Aramatic
Carbamazepine Alachlor musk fragramces Dibromochlons- Polvpropylene {II]P-A-I Hydrocarbons,
mieihane Nomyiphenol Polychborinated
Biphenyls

Fig 01: Major class of Emerging Contaminants (ECs)
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Table 2: Maximum Concentrations of emerging contaminants (ECs) in different stretcheof the River
Ganga (ngL™)

Sr. Contaminant Total or maximum Maximum
No. Class level Stretch/ Location Concentration Reference
(ng/L)/particles/L
Haridwar
01 (Upstream) 16.11
Perfluorinated Kanpur Sharma et al.
compounds Total PFAS (Midstream) 12.60 (2016); Gautam et
(PFAS) Gangasagar al. (2025)
18.65
(Downstream)
Perfluorobutane Gangasagar 102
sulfonate (PFBS) (Downstream) )
Bhagirathi,
Alaknanda 397.41
2 Upstream
0 Total ( Ifan T )
Pharmaceuticals Pharmaceuticals ~anp 118.02
(Midstream)
Patna
(Downstream) 82281
Caffeine Patna 743
(Downstream)
Sharma et al.
Devprayag )
03 (Upstream) 287.29 (2019); Richards
Artificial Kanpur etal. (2023);
Total ASWs . 10.348 Mathew
sweeteners (Midstream) i
(ASWs) P &Kanmani,
atna 101.826 (2020); Subed et
(Dov;/)nstream) al. (2015)
. atna
Saccharin D — 85.43
Devprayag 35
04 (Upstream) )
Personal Care Total PCPs (leggf;rm> 0.764
Products (PCPs) -
Varanasi 6.369
(Downstream) )
. Varanasi
Triclosan (D) 5.4
05 Microplastics Devprayag,
(MPs) Total MPs Haridwar 1,550 Chaué}(‘gg GEL
(Upstream)
. Fatehgarh Rehana et
06 Pesticide Total Pesticide (Midstream) 16,220 al.(1995)
Kannauj
DDT (Midstream) 5330
Narora Rehana et al.
a-BHC T — 1,380 (1996)

Table 2 demonstrate a clear
gradient in the occurrence and
concentration of ECs from
upstream to downstream. In the
upstream stretch (Devprayag-

Haridwar), relatively lower but
measurable concentrations of
contaminants are observed,
including total per- and poly-
fluoroalkyl substances (PFAS) up

to 16.11 ng L1, pharmaceuticals
reaching 397.41 ng L, artificial
sweeteners at 287.29 ng L, and
microplastics at 1,550 particles
L-1. These values indicate that
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even the upper reaches are
influenced by anthropogenic
activities such as pilgrimage,
tourism, and localized domestic
wastewater inputs.

In the midstream stretch
(Kanpur-Fatehgarh-Kannauj-
Narora), contaminant levels
show increased variability and
source-specific enrichment. Total
PFAS concentrations are reported
up to 12.60 ng L1, while pharma-
ceuticals reach 118.02 ng L' and
artificial sweeteners 10.348 ng L.
This region is particularly charac-
terized by elevated pesticide
contamination, with total pesti-
cide concentrations as high as
16,220 ng L, along with signifi-
cant levels of DDT (5,330 ng L)
and a-BHC (1,380 ng L-1). These
values reflect strong agricultural
inputs and the persistence of
legacy organochlorine pesticides.
The presence of multiple contam-
inant classes highlights the
combined influence of industrial
discharges (e.g., Kanpur), munic-
ipal wastewater, and agricultural
runoff.

In the downstream stretch
(Varanasi-Patna-Gangasagar),
the highest accumulation of most
contaminant classes is observed
due to cumulative upstream
inputs and continuous addition
from densely populated urban
centers. Total PFAS concentra-
tions was maximum at Ganga
sagar (18.65 ng L), with PFBS
reaching 10.2 ng L, indicating
the dominance and mobility of
short-chain PFAS. Pharmaceuti-
cal concentrations reach a maxi-
mum of 822.81 ng L at Patna,
largely driven by caffeine (743 ng
L), a well-established marker of
domestic sewage contamination.
Similarly, artificial sweeteners
reach 101.826 ng L1, with saccha-
rin contributing up to 85.43 ng L.

Personal care products (PCPs)
reach up to 6.369 ng L, with
triclosan recorded at 5.4 ng L in
Varanasi. These elevated concen-
trations indicate substantial
inputs from untreated or partially
treated waste water.

The observed trend indicates
aprogressive increase in contami-
nant load from upstream to
downstream, with localized
peaks in the midstream region,
particularly for pesticides. This
pattern reflects the combined
effects of increasing population
density, industrialization,
intensive agricultural activities,
and inadequate wastewater
treatment infrastructure, along
with the persistence and trans-
port potential of many emerging
contaminants (ECs) in the Ganga
River.

Effects of ECs on Aquatic Biotic
Communities and on Human
Health

Ecs in the Ganga River
exhibit diverse modes of action
and can adversely affect aquatic
organisms even at very low
concentrations. Pharmaceuticals
such as antidepressants,
ibuprofen, diclofenac,
paracetamol, and carbamazepine
have been reported to alter fish
behavior, physiological func-
tions, and reproductive patterns
in riverine ecosystems. In the
Ganga basin, the continuous
influx of untreated wastewater
and pharmaceutical residues
increases the risk of chronic
toxicity to aquatic life. The
presence of antibiotics further
contributes to the proliferation of
antibiotic-resistant bacteria,
posing serious ecological and
public health concerns. For
example, antidepressants can
alter fish behavior at environmen-
tally relevant concentrations,

while ivermectin has been shown
to affect invertebrate growth and
reproduction at levels as low as 1
pg L-'. Analgesics such as
ibuprofen and diclofenac are
predicted to threaten aquatic life
in up to 50% and 4.5% of river
stretches, respectively (Dubey et
al., 2025). Personal care products
(PCPs) and microplastics (MPs)
are also increasingly reported in
the Ganga River and its sedi-
ments. MPs can act as carriers of
toxic substances, including heavy
metals such as copper, chro-
mium, nickel, lead, zinc, manga-
nese, and arsenic, which can leach
into the river. Studies indicate
that MPs enhance the toxicity of
co-contaminants, contributing to
oxidative stress, endocrine
disruption, genotoxicity, and
developmental abnormalities in
aquatic organisms. Persistent
organic pollutants (POPs),
including compounds such as
lindane and DDT, have been
detected in the Ganga River and
are characterized by high persis-
tence, hydrophobicity, and
bioaccumulation potential.
Additionally, organophosphate
pesticides commonly used in
agricultural activities within the
Ganga basin are toxic to non-
target species and frequently
associated with human health
hazards. Accumulation of MPs
and associated chemicals in fish
can adversely affect both the fish
and humans who consume them,
with toxic substances magnifying
as they move up the food chain.
Exposure to MPs can alter fish
migration, reproduction, and
predator-prey interactions,
thereby disrupting ecological
dynamics. Moreover, co-
exposure to MPs, natural organic
matter, and copper (Cu) has been
shown to significantly enhance
Cu bioaccumulation in zebrafish
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Fig 02: Different sources and fate of ECs in river ganga
along with affected organs

compared to exposure to Cu
alone (Sunetal., 2022).

Thus, the co-occurrence of
pharmaceuticals, microplastics,
heavy metals, pesticides, and
persistent organic pollutants
(POPs) in the Ganga River creates
a complex mixture of contami-
nants that can exert synergistic
toxic effects on aquatic ecosys-
tems and elevate potential health
risks for populations relying on
the river for domestic, agricul-
tural, and recreational purposes.

Conclusion: Research Gaps
and Future Implications

Continuous use of modern
chemicals has led to rising levels
of emerging contaminants in the
River Ganga, posing serious risks
to ecological integrity and public
health. Contamination hotspots
in densely populated and indus-
trial regions such as Prayagraj,
Varanasi, and Kanpur, especially
downstream, highlight the
impact of untreated sewage,
industrial discharge, and inade-
quate wastewater treatment. The
middle stretch of the Ganga is
particularly vulnerable due to
intense urbanization and tribu-
tary inputs, while downstream

areas reflect
cumulative
pollution
a n d
reduced
dilution.
The wide-
spread
presence of
microplastic
s, PFAS,
pharmaceut
icals, and
pesticides
indicates
persistent
and ongo-
i n g
anthropogenic inputs. These
contaminants harm aquatic
organisms and threaten human
populations reliant on the river.
Despite policy efforts, gaps in
monitoring, treatment efficiency,
and regulatory frameworks
remain. Strengthening basin-
scale monitoring, incorporating
emerging contaminants into
water quality assessments, and
advancing treatment technolo-
gies are essential for safeguarding
the river's ecological and public
health.

Continuous use of modern
chemicals has led to rising levels
of emerging contaminants in the
River Ganga, posing serious risks
to ecological integrity and public
health through endocrine disrup-
tion, antibiotic resistance, and
bioaccumulation. Contamination
hotspots in densely populated
and industrial regions such as
Prayagraj, Varanasi, and
Kanpur —especially down-
stream —highlight the impact of
untreated sewage, industrial
discharge, and inadequate
wastewater treatment. The
middle stretch of the Ganga is
particularly vulnerable due to

intense urbanization and tribu-
tary inputs, while downstream
areas reflect cumulative pollution
and reduced dilution. The
widespread presence of
microplastics, PFAS, pharma-
ceuticals, and pesticides indicates
persistent and ongoing
anthropogenic inputs. These
contaminants harm aquatic
organisms and threaten human
populations reliant on the river.
Despite policy efforts, gaps in
monitoring, treatment efficiency,
and regulatory frameworks
remain. Strengthening basin-
scale monitoring, incorporating
emerging contaminants into
water quality assessments, and
advancing treatment technolo-
gies are essential for safeguarding
the river's ecological and public
health.
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Abstract

Since ancient times, the River Ganga
has been recognized for its unique
self-purification capacity that is
even for years of storage, the Ganga
water does not spoil. Since microbes
are the main contributors of water
putrefaction, understanding the
microbial load and diversity as well
as factors regulating microbial
population is crucial for deciphering
uniqueness of Ganga water. Increas-
ing anthropogenic activities and
lack of adequate treatment systems
has resulted in massive discharge of
untreated domestic and industrial
effluents. Further, mass bathing and
other ritualistic activities may have
significantly altered microbial
communities as well as characteris-
tic of Ganga. In recent decade
metagenomic approaches have been
widely applied to analyze microbial
community structure and function
which provide comprehensive
information about whole
microbiome in environmental
samples. The metagenomic studies
on Ganga water, have shown the
presence of a diverse array of
microbes including archaea, viruses,
fungi along with bacteria and phages
against bacteria, cyanobacteria,
mycobactera and archaea. Several
pathogenic bacteria have been
detected in various stretches of
Ganga water including the upper
hilly region. Bacterial load, in terms
of total coliform, has been drasti-
cally increased, particularly in upper
stretch of Ganga. Mass bathing also
heavily influences the microbial load
and diversity during events like
Kumbh. Despite increasing pollution
load, the river still retains a consid-
erable degree of self-purifying
potential, probably attributed to the

presence of phages. However, the
decline in bacteriophage efficiency
along with increasing microbial
contamination across different
stretches highlights the deteriora-
tion of water quality of river Ganga.

Introduction

The Ganga, known as the holy
river of India, is believed to offer
salvation through its water. The
river, known as the goddess
Ganga, symbolizes purity and
spiritual liberation. Its source,
Gaumukh, located at an elevation
of 4,100 meters near the Gangotri
glacier, is a sacred site for Hindu
pilgrims (Arora etal., 2013). From
its Himalayan origin to its delta at
Sagar Island in the Bay of Bengal,
the river passes through a dis-
tance of about 2500 km across
Uttarakhand, Uttar Pradesh,
Bihar, Jharkhand and West
Bengal, draining nearly 26% of
the geographical area of India
and supporting more than 43 % of
the country's population. The
river sustains extensive agricul-
ture, dense urban settlements,
and rapidly growing industrial
activities. Because of its immense
religious, ecological and socio-
economic importance, numerous
scientific studies have explored
the quality and unique character-
istics of Ganga water for domestic
use. These investigations reveal
that Ganga water possesses high
levels of dissolved oxygen and
notable antimicrobial properties,
demonstrating a significant self-
purifying capacity (Dwivedi et
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al., 2020). The river is distin-
guished by its exceptional
bacterial-killing abilities, attrib-
uted to the high diversity and
density of bacteriophages com-
pared to other rivers. Addition-
ally, naturally occurring second-
ary metabolites, including
terpenes, piperidine, dodecane
and quinoline, may enhance the
preservative, curative and
therapeutic properties of Ganga
water (NEERI, 2017). The recent
reports show that Ganga water
has a remarkably higher number
of bacteriophages in comparison
to others rivers, like Yamuna and
Narmada, and the number of
bacteriophages was particularly
high in the upper Himalayan
stretch of the Ganga, indicating
higher bactericidal capacity
(NEERI, 2017; Agnihotri et al,,
2026). This unique property is
also reflected in traditional
practices associated with the
river. In India, most households
still keep Ganga water as holy
water and people store it for years
without the water getting
putrified or spoiled. Scientific
studies have also confirmed that
Ganga water has a remarkable
self-purifying capability. The
extraordinary oxygen retention
capacity up to 12 ppm and high
BOD rate constant (2.5-5.6) have
been suggested as some of the
reasons for the freshness of
Ganga water during long storage
periods. It is now over a century
since Hankin, a British microbiol-
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ogist, observed that pathogenic
bacteria do not thrive in Ganga
water (Hankin, 1896), and later
studies also validated this phe-
nomenon. It is also believed that
the Ganga carries these proper-
ties from its source in the Himala-
yas, from where it originates.

However, with increasing
anthropogenic pressure, an
important question arises as to
whether the river will continue to
sustain its special self-curative
and medicinal properties or
whether the growing pollution
load will overextend these
characteristics. In this context, it
is now well established that
bacteriophages play a major role
in controlling bacterial growth in
the river Ganga. Bacteriophages,
often referred to as phages, are
prokaryotic viruses that infect
and propagate within bacteria. To
understand the microbial diver-
sity and factors controlling
microbial population, several
studies have been carried out. For
this, metagenomics has emerged
as a powerful tool for detailed
taxonomic profiles of bacterial,
viral,Archaeal and other micro-
bial communities (Behera et al.,
2021). In India, metagenomic
techniques have been employed
to identify microbial diversity of
mostly bacterial communities in
the sediments and water of the
River Ganga. However, such
comprehensive approach is still
limited. Sewage is primary
source of microbial contamina-
tion with millions of liters of
domestic and commercial waste
water being drained in Ganga
every day. Further, hospital
waste, agriculture run off and
various ritualistic rites, like mass
bathing, offerings and cremation,
cause increase in microbial load
and diversity in Ganga water
(Fig.1) (Dwivedietal., 2018).

The magnitude of this problem
becomes evident from national
wastewater statistics. According
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Fig 01: Sources and Microbial Dynamics of Contaminants in the River Ganga

to CPCB (2014), the total
wastewater generation from 222
towns in the Ganga basin is 8250
MLD, while treatment facilities
are available only for 3500 MLD.
Scenarios have further worsen
with about 12000 MLD sewage
generation and about half of it
discharged directly into Ganga
according to recent report of
National Mission for Clean
Ganga (NMCG, by PIB Delhi,
2023). Thus, despite spending
several million rupees, the
untreated sewage discharge into
the Ganga has increased by over
ninefold in recent years com-
pared to 1985 (Dwivedi et al.,
2018). Based on foregoing an
overview of the microbial distri-
bution in the River Ganga,
highlighting the diversity of
major microbial groups have
been made from the recent
metagenomic studies of Ganga.

1. Archaea diversity and distri-
butionin the Ganga River

Several species of archaea have
been identified in Ganga water in
recent metagenomic studies.
These are single-celled, micro-
scopic organisms that represent
one of the three fundamental
domains of life and actively
participate in key biogeochemical
processes in River Ganga contrib-
uting to the river ecosystem. They
contribute to nitrogen cycling,
carbon turnover and sulfur

metabolism. A rich diversity of
archaea has been reported in
sediment of Ganga in a 250 km
study covering Gomukh to
Rishikesh (Samson et al., 2025). In
upper stretches of Ganga up to
82% of total archeal comunity
was from the phylum
Euryarchaeota, followed by
Crenarchaeota (5.35% * 2.5%)
and Thaumarchaeota (4.8% =+
10.2%). Euryarchaeota primarily
comprises methanogenic
archaea, anaerobic
methanotrophs, and halophilic
archaea and their proportion
increased in post monsoon. The
Thaumarchaeota and
Crenarchaeota group consists of
ammonia-oxidizing and sulfur-
metabolizing archaea, playing
role in N and S cycle in the river
ecosystem. The observed sea-
sonal variation in archeal com-
munities indicate their dynamic
nature probably governed by
temperature (Samson etal., 2025).
Further Katara et al. (2024),
reported that the Ganga at
Haridwar (upstream) showed
diverse archaeal communities
dominated by methanogenic
genera such as Methanoregula,
Methanosaeta, and
Methanosarcina, highlighting
their role in carbon cycling.
Another study during
Ardhkumbh in 2019 at Sangam,
Pryagraj reported around 50

42



PEIe-SHfas= &1 agATITS ufabT

ARID, 13(2) IV AT, 2026

archeal species in the Ganga
water related to human skin and
gut. The number of archeal
species was higher on the event of
six major bathing events particu-
larly on Maghi Purnima and
Mauni Amavasya (Dwivedietal.,
2026). Together, these studies
indicate that archaeal communi-
ties in the Ganga have the ability
to survive in anthropogenic
disturbances to changes in river
water. However, such studies in
lower stretches of the Ganga are
lacking.

2. Fungal diversity and Distribu-
tioninthe Ganga River

Fungi are eukaryotic,
heterotrophic organisms belong-
ing to distinct kingdom, separate
from plants and animals. Fungi
are characterized by their rigid
cell walls made of chitin, their
heterotrophic nature (absorbing
nutrients), and their reproduc-
tion via spores. Fungal communi-
ties in the River Ganga serve as
important indicators of pollution
and play a significant role in
bioremediation processes. Some
commonly found fungi in the
river Ganga are Aspergillus,
Fusarium, Curvularia,
Acremonium, Sordaria,
Trichothecium and Trichoderma
etc.

Fungi as Bio-indicators of the
Ganga river pollution

Several fungal genera, including
Aspergillus, Penicillium,
Kluyveromyces, Lodderomyces, and
Nakaseomyces, have been identi-
fied as potential bio indicators of
eutrophication and pollution,
particularly in the confluence
zones (Sangam) the reason for
this could be that Yamuna brings
large amount of sewage and
organic matter with nutrients
such as N and P leading to
eutrophication with nutrients,
usually from fertilizer runoff or
sewage promoting fungal growth
(Samson et al., 2020; Behera et al.,
2020). In polluted stretches such

as Kanpur, fungi like
Phanerochaetechrysosporium and
Rhizopusoryzae showed higher
relative abundance, indicating
their role in contaminant removal
and partial biodegradation of
metals. Regional studies further
reveal, through plating and
culturing method, that a total of
23 fungal species were dominant
across the Assighat,
Rajendraghat and Harishchandra
ghat in Varanasi, with maximum
abundance observed at Assighat,
followed by Rajendraghats.
Among these, Aspergillus flavus
and Aspergillus niger exhibited the
highest frequency, while species
such as white sterile mycelium
and Trichotheciumroseum showed
minimal occurrence (Singh et al.,
2014). From various studies
Aspergilluswas the most domi-
nant across sites and seasons.
Their abundance is typically
highest during the monsoon
period due to increased organic
load, highlighting their func-
tional role in nutrient cycling as
bio-indicators under polluted
conditions (Sharmaetal., 2021).

3. Bacteria diversity and
Distribution in the Ganga
River

Bacteria constitute the most
dominant microorganism in the
environment and so as in the
River Ganga. They play dual role
in the Gangariver ecology; onone
hand they are the main contribu-
tors of river pollution, on the
other hand they support in self
purification of the river by
degrading organic wastes.
Bacteria are microscopic, single-
celled prokaryotic organisms
characterized by the absence of a
distinct nucleus and membrane-
bound organelles. The River
Ganga harbors a diverse phylum
of bacteria including both patho-
genic and non-pathogenic types.
Even the upper glaciated stretch
of river Ganga a broad bacterial
community has been reported. In

the sediment samples from
Gangotri to Rishkesh up to 65
phyla of bacteria was observed
(Samson et al., 2025). Among
these Proteobacteria, Bacteroidetes,
Firmicutes, Actinobacteria,
Verrucomicrobia, Planctomycetes,
Cyanobacteria, Acidobacteria,
Gemmatimonadetes, Chlorobi,
Chloroflexi, Nitrospirae,
Deinococcus-Thermus, and Spiro-
chaetes were most dominant.
While at genus level Thiobacillus,
Sideroxydans, Burkholderia,
Streptomyces, and Gallionella were
predominant. The study of
bacterial community structure at
Prayagraj (Sangam) revealed
predominance of Proteobacteria
(74%) Actinobacteria (22.61%),
Firmicutes (1.93%), Plancto-
mycetes (0.54%), Bacteroidetes
(0.19%), Nitrospirae (0.16%),
Tenericutes (0.14%), Verruco-
microbia (0.10%), Deinococcus-
Thermus(0.099%) and
Acidobacteria (0.088%) during
the Kumbh 2019. At genus level,
total 845 genera were identified,
in which Klebsiella (43%),
Mycobacteroides (6%), Methylibium
(%) and Escherichia (5%) were
dominant (Dwivedi et al., 2026).
More than twenty pathogenic
bacteria, including Vibrio cholerae,
Klebsiellapneumoniae, Clostridium
tetani, Salmonella typhi,
Corynebacteriumdiphtheria were
also detected in Ganga water at
Sangam. Pathogenic bacteria
mainly originate from sewage
and anthropogenic activities and
pose health risks, whereas non-
pathogenic bacteria contribute to
nutrient cycling and help main-
tain the ecological balance of the
river. Several studies have
reported presence of pathogenic
bacteria in river ganga such as
faecal coliform, faecal streptococci,
Staphylococcus aureus, Vibrio
cholerae, Vibrio fluvialis, Salmo-
nella, Bacillus, Shigella, Pseudomo-
nas, Proteus, Aeromonas and
Plesiomonasduedue to untreated
wastewater discharge (Joshi and
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Sati, 2011).
Pathogenic Bacteria

In the River Ganga, Pathogenic
bacteria are widely recognized as
important indicators of sewage
contamination and public-health
risk in the River Ganga. Several
studies have reported the occur-
rence of pathogenic bacteria
primarily due to the discharge of
untreated domestic sewage,
urban runoff and other
anthropogenic activities. Their
presence is majority dominated
in the lower stretches due to
sewage contamination and
agricultural inputs but some
recent studies have shown their
presence even in the glacier fed
river ecosystem which is an area
to be analysed further. In this
context Samson et al., (2025)
observed that At the genus level,
a predominance of oligotrophic
and lithotrophic bacteria, such as
Thiobacillus (10.2% * 4.32%),
Sideroxydans (9.7% % 3.57%),
Burkholderia (8.5% + 4.32%),
Streptomyces (6.06% + 4.23%),
and Gallionella (4.6% % 2.19%) in
upstream regions, from
Goumukh to Rishikesh. They
have also shown that during the
pre-monsoon season, Pseudomo-
nas, Burkholderia, and
Sideroxydans exhibited higher
relative abundances. In contrast,
in the post-monsoon season,
Streptomyces, Thiobacillus,
Acidovorax, and Polaromonas
showed increased prevalence this
suggests adaptability to dynamic
hydrological conditions. Further,
Dwivedietal., (2026) showed that
at the genus level, the Ganga is
characterized by the predomi-
nance of Klebsiella, followed by
Moycobacteroides, Methylibiumand
Escherichia, while Escherichia
dominated in their tributaries (as
shown in table 1).Their another
study conducted in 2020 during
Ardhkumbh in 2019 showed that
during bathing events
Corynebacterium, Pseudomonas

and Vibrio were dominant in pre-
Kumbh water, while
Brevibacterium, Burkholderia,
Enterobacter and Rhodococcus
increased during the Kumbh and
post-Kumbh period. The pres-
ence of a significant number of
bacterial species in pre-Kumbh
samples indicates their upstream
origin, where Escherichia coli
showed the highest diversity
index followed by Enterobacter,
Streptococcus faecalis and Pseudo-
monas sp.These findings indicate
that a wide range of pathogenic
bacteria including Escherichia coli,
Vibrio, Salmonella, Pseudomonas,
and Klebsiella are consistently
detected in the River Ganga,
These studies highlights signifi-
cant faecal contamination and
increasing public health con-
cerns, particularly in regions
affected by intense
anthropogenic activities. There-
fore, it has become essential to
assess faecal contamination levels
in the River Ganga by analysing
the most probable number per
100 ml (MPN/100 ml).

Faecal contamination in Ganga
(Total Coliformin MPN per100ml)

Total coliform levels (expressed
as MPN/100 ml) that are the
indicators of faecal contamina-
tion in the River Ganga. Several
studies have been carried out to
analyse their increasing numbers
in the downstream regions. The
study conducted by Mishra et al.
(2008), in the Ganga River at
downstream (Varanasi) revealed
significant deterioration in water
quality in downstream. Microbial
analysis indicated extremely high
levels of faecal contamination,
with faecal coliform (20.9 x
10°/100 ml), total coliform (25.4 x
10°/100 ml), Escherichia coli (6.9 x
10%/100 ml), faecal streptococci
(93/100 ml), Clostridium
perfringens (396/100 mL), and
total bacterial density (1.43 x
10°/L), all exceeding permissible
limits of ISI and WHO standards.
The presence of pathogenic
bacteria such as Actinomyces,
Aerobacteraerogenes, Enterobacter
cloacae, Micrococcus, Salmonella,
Staphylococcus aureus, Bacillus,
and Shigella further confirms
severe faecal pollution. The
findings indicate that the river
water at Varanasi continued

Table 1: Pathogenic bacteria reported in River Ganga

Sr. No. | Pathogenic bacteria References

1 Staphylococcus aureus

2 Vibrio cholerae

3 Vibrio fluvialis

4 Salmonella Kulshrestha and

5 Shigella Shar.ma (2006){'

6 Pseudomonas Jeelal e et
(2011); Arora et al.

4 oteiy (2013); Anand et

8 Aeromonas al. (2025)

9 Plesiomonas

10 Mycobacterium

11 Acinetobacter

12 Actinomyces

13 Aerobacteraerogenes

14 Enterobacter cloacae

15 Micrococcus

16 Clostridium perfringens

17 Klebsiella

18 Escherichia coli

19 Salmonella typhi

20 Pseudomonas aeruginosa
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utilization for drinking and
domestic purposes may pose
serious public health risks.
Further, Dimri et al. (2019)
demonstrated that coliform
bacteria with MPN in upstream
sites, ranging from 8 to 220
MPN /100 ml including upstream
stretch (Badarinath, Devprayag,
Uttarkashi, Rishikesh,
Haridwar). Higher coliform
abundance indicates direct
sewage input and increased
organic load due to
anthropogenic activities such as
wastewater discharge. The
presence of coliform such as
Escherichia coli, Klebsiella, and
Proteus confirms faecal contami-
nation. Most sampling sites
exceeded permissible limits,
indicating that the water is
unsuitable for drinking purposes.
A wide range of pathogenic
bacteria, including Mycobacte-
rium, Vibrio, Salmonella, Esche-
richia, Pseudomonas, and
Acinetobacter, were detected
along with their corresponding
bacteriophages. A positive
correlation between bacteria and
bacteriophages suggests a
predator-prey relationship.

This is further supported by the
study of Agnihotri et al. (2026), in
which the total coliform counts
along different stretches of the
Ganga River showed a clear
downstream increasing trend,
which reflects the growing
intensity of anthropogenic
activities. The headwater regions,
represented by the Bhagirathi
(3.797 x 10° MPN/100 ml) and
Alaknanda (5.626 x 10° MPN /100
ml), exhibit comparatively low
coliform levels because these
stretches showminimal urbaniza-
tion and less municipal and
industrial discharge (as shown in
table 2). A substantial increase in
total coliform was observed in the
Upper Ganga (Alaknanda,
Haridwar, Rishikesh) (2.516 x 10*
MPN/100 ml) where population
density increases and pilgrimage

activities begin to intensify. The
Middle Ganga (Kannauj, Narora,
Kanpur) showed further rise in
coliform counts (4.292 x 10*
MPN/100 ml), mainly due to the
cumulative impact of large cities
such as Kanpur, Prayagraj, and
Varanasi, because of high vol-
umes of municipal sewage,
industrial effluents, agricultural
runoff, and religious activities.
The lower Ganga (Varanasi,
Patna) records the highest
coliform concentration
(4.058x10° MPN/100 ml), indi-
cating severe microbial contami-
nation. These findings collec-
tively indicate a clear pollution
gradient along the River Ganga,
with downstream regions
indicating levels of improper
sewage and faecal contamina-
tion.

4. Presence of Viruses in the
GangaRiver

Viruses are tiny infectious
particles that can only grow and
multiply inside a living cell, and
they form an important part of
the microbial community in the
River Ganga. Order Caudovirales
which encompasses families of
tailed bacteriophages are the
most common in the River
Ganga. In the upper stretch of
river Ganga order Caudovirales
accounted for >70% of total
assigned viral genes in the
sediment of River Ganga (Sam-
son et al., 2025). Commonly
observed families are Myoviridae
and Siphoviridae in river water.
Myoviridae are a family of
bacteriophages characterized by
their contractile tails (e.g., T2, P1,
and Mu) and Siphoviridae

defined as a family of bacterio-
phages characterized by a long
non-contractile flexible tail (e.g.,
phage lambda, T1, and T5) in river
water. Phages are specifically
infects, replicates within the
bacteria and eventually kill them,
thus playing role in bacterial
population. Bacteriophages
fromthe Podoviridae,
Myoviridae, and Siphoviridae
were dominant families and they
also showed lytic potential
against putrefying and patho-
genic bacteria indicating their
crucial role in maintaining the
characteristics of the Ganga
water.

Impact of mass-bathing on
viruses

In a recent study by Dwivedi et
al., (2026)on the Ganga water
from Sangam showed that
Myoviridae and Siphoviridae
were found to dominate through-
out during the Kumbh period in
2019, with Myoviridae being
more abundant. A wide diversity
of viral genome types was
observed, including linear
negative-sense ssRNA, linear
positive-sense ssRNA, linear
dsRNA, linear dsDNA, circular
ssDNA, and circular dsDNA
viruses, indicating a complex
viral community structure in the
river. The higher abundance of
lytic Myoviridae in the Ganga
indicates stronger bacterial
regulatory potential, whereas the
predominance of lysogenic
Siphoviridae in the tributary
reflects reduced immediate
bacterial lysis is influenced by
mass bathing events where the
presence of millions of people

Table 2: Spatial variation of coliform levels (MPN/100 ml) in River Gangz

River Stretch Total Coliform (MPN/100 ml) | References
Bhagirathi 3.797 x 103

Alaknanda 5.626 x 103 Agnihotri et al
Upper Ganga 2,516 x 104 (2026); Mishra et
Middle Ganga 4292 x 104 al. (2008); Dimri et
Lower Ganga 4,058 x 105 el (AUE)
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leads to an increase in patho-
genic, skin, and gut-associated
bacteria, thereby promoting
rapid viral replication.

Presence of Cyanophages and
mycophages

Cyanophages and mycophages
were also detected at several sites
in the midstream region which
can be again due to mass bathing
events. In the recent study by
Dwivedi et al. (2026) concluded
that reads of cynophage was
generally ranging from (~ 0.006-
0.596) and of mycophage from
(~0.017-0.043), this suggests that
the distribution of viruses
showed variations across differ-
ent bathing events in kumbhmela
(Sangam) where cyanophages
exhibited the highest diversity
and abundance. Specific
cyanophage species such as
Cyanophage S-TIM5, S-RIM50, P-
RSM6, and Syn30 were fre-
quently detected with peak
abundance observed during
Post-Kumbh (0.596) and Maha
Shivratri (0.128). These findings
indicate that anthropogenic
activities such as mass bathing,
influence microbial diversity and
water quality of River Ganga.

Level of Bacteriophages in
different stretches of Ganga

High phage density and diversity
is considered important factor
responsible for the strong bacteri-
cidal activity of the river. Investi-
gations carried out by the
National Environmental Engi-
neering Research Institute
(NEERI) reported that the water
and sediment of the Ganga
harbor nearly 1100 types of
bacteriophages, whereas less
than 200 species were detected in
the Yamuna and Narmada,
indicating a distinctly richer viral
diversity in the Ganga. The upper
stretch of the river, extending
from Gaumukh to Haridwar,
exhibits substantially higher
phage abundance and diversity
than the middle and lower

stretches. Correspondingly, the
phage/bacteria ratio is several
times higher in the upper reach,
while it decreases considerably
downstream. Metagenomic
analyses further support these
observations by giving a higher
phage/bacteria ratio in the
upstream region of the
Bhagirathi, Alaknanda and
Haridwar compared to the
middle stretch at Prayagraj and
the industrially impacted region
at Kanpur. The lowest phage/
bacteria ratio has been reported
from Kanpur, where large
volumes of industrial waste
water containing toxic elements
are directly discharged into the
river. At the confluence region of
Prayagraj, phages associated
with Escherichia, Enterobacter,
Salmonella and Shigella dominate,
with Escherichia phage being the
most abundant in the Ganga.
Culture-based studies conducted
during the Maha-Kumbh have
also shown that the Ganga
contains a higher number of
bacteriophages against common
bacterial hosts than the Yamuna
(Dwivedi et al., 2020). Thus, the
decline in phage abundance and
diversity in the middle and lower
stretches is associated with
increasing anthropogenic activi-
ties and industrial pollution.

These observations are further
supported by the findings of
Behera et al. (2023), that demon-
strated that less polluted regions
such as Farakka (midstream)
exhibit higher bacteriophage
diversity, whereas polluted
regions like Kanpur (midstream)
show reduced diversity but
increased dominance of specific
phage groups such as
Microviridae, ssDNA viruses,
and Mimiviridae with the co-
occurrence of diverse pathogenic
bacteria (e.g., Mycobacterium,
Vibrio, Salmonella, Escherichia,
Pseudomonas, and Acinetobacter).
Despite heavy pollution, bacte-
riophages contribute to the

natural self-cleansing ability of
the river. These observations
were further carried out by
Anand et al. (2025) during the
Maha Kumbh Mela at Prayagraj
(2025), where despite of
extremely high anthropogenic
load (~660 million participants)
and the presence of pathogenic
bacteria (Escherichia coli, Salmo-
nella typhi, Vibrio cholerae, Shigella
spp., Pseudomonas aeruginosa), the
occurrence of water borne
infections remained low due to
high bacteriophage abundance
and activity. Metagenomic
analysis identified ~285 DNA
viruses, of which ~260 bacterio-
phages accounted for ~86.3% of
viral reads, confirming phage
dominance. Rapid inactivation of
pathogens such as Vibrio cholerae
within ~3 hours further demon-
strates efficient phage-mediated
bacterial lysis. Thus, from all
these studies it has been observed
that despite pollution-induced
stress, bacteriophages continue to
function as a natural biological
control system maintaining self-
purification capacity of theriver.

Conclusion

From the above, it is clear that
River Ganga exhibits a dynamic
microbial ecosystem along with
increasing faecal contamination
driven by anthropogenic activi-
ties such as untreated sewage
discharge, industrial effluents,
urbanization, and mass bathing
events. Metagenomic studies
have indicated that even the
upstream, glacier-fed regions are
not pristine anymore, as they
harbor diverse microbial commu-
nities including bacteria, fungi,
viruses, and also archaea (e.g.,
Euryarchaeota, Crenarchaeota,
Thaumarchaeota) primarily due
to anthropogenic factors. In
contrast, downstream regions
(Kanpur, Varanasi, Patna) exhibit
extremely high microbial loads,
with coliform levels reaching up
to ~4.058 x 10° MPN/100 ml,
reflecting substantial sewage
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discharge and anthropogenic
inputs. The widespread occur-
rence of pathogenic bacteria such
as Escherichia coli, Salmonella,
Vibrio, and Pseudomonasin the
River Ganga emphasizes serious
public health risks. Although
bacteriophages against these
pathogenic bacteria were also
identified in various stretches of
the Ganga, which are more ample
in upper stretches showing
sufficient regulation of bacterial
population. However, their
efficiency declines in heavily
polluted stretches due to exces-
sive pollutant load. Also, micro-
bial community shifts in mid-
stream regions due to
anthropogenic activities espe-
cially during mass bathing events
like Kumbh, along with increased
abundance of fungi (e.g.,
Aspergillus, Penicillium) and
archaeal communities. The
consistently high total coliform
values (MPN/100 ml) across
many locations indicate that the
river water is getting polluted
day by day posing human-health
risk. Therefore, regular monitor-
ing of faecal indicators (coliform
no.), along with improved
wastewater treatment, pollution
control, and sustainable manage-
ment strategies is essential to
maintain and restore the water
quality of the River Ganga.
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Disease-free fish are good protein sources: how to detect
their diseased state for quality consumption

Shakti K. Prabhuji’,

Abstract

Disease-free fishes are good source of
palatable and easily digested
proteins. In diseased fishes their
protein content is drastically
decreased. Easy methods to identify
the symptoms of dermatomycoses,
branchiomycoses and deep mycoses
have been discussed.

Keywords: Fish, Protein content,
Dermatomycoses, Branchio-
mycoses, Deep mycoses

In view of the rapid growth of the
world's population, it seems
advisable to be economical with
this important source of very rich,
palatable and easily digested
protein (Prabhuji and Srivastava,
2014; Srivastava, 2018). Women,
particularly the pregnant
women, require enough amount
of protein besides several other
nutritional requirements and
healthy fishes provide them
easily. Being easily digested and
of great nutritional value, the
disease-free fishes are considered

Gaurav K. Srivastava’, Richa Srivastava’,

Shail Pande’and Madhulika Srivastava®

disease-free fish populations
(Figure 1). Now, the question
arises how to identify the
diseased fishes by the customers
for personal consumption?
Basically, there are following
three types of symptoms (Figure
2) which indicate the diseased
state of fishes:

1. Dermatomycoses: The
watermoulds affect the outer
skin of the fish in different
regions of the body which
appear as the cottony
outgrowth in the affected
areas. These symptoms are
difficult to identify outside

the water.

Branchiomycoses: The
symptoms appear in the gill
region of the fish. The gill
region in healthy fish should
be brightly red in colour,
however, the infected gills
show brown to grey colour
instead of brightred.

Deep mycoses: The
symptoms appear as deep
tissue damage and can easily
be recognized as deep
lesions or wound due to
deep muscle damage.
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to be an ideal protein source for o° ‘p\‘& #bo @T ,bu"& o® 6‘6‘
pregnant women of all social
segments (Prabhuji, 2021). o®

The studies (Ahmad et al.,
2012) have indicated that the ei’?o
protein content of infected fish
populations get drastically
decreased as compared to the
protein content of healthy or

Figure 1: Following infection by watermoulds
the protein content of fish decreases.
(After Ahmad et al., 2012)
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How to detect the
symptoms of diseased fish:

First of all, please keep in mind
that the fish pathogens (disease
causing microorganism of fish)
are not human pathogens; which
mean that these may not cause
any disease in human beings.
The only problem lies in the fact
that the diseased fish may not
provide the required amount of
protein content (Figure 1) what it
should in the disease-free state.

The fish disease symptoms
may very easily be identified, but,
this requires a keen observation
skill as follows:

The symptoms of
dermatomycoses will only be
observed while the fish is dipped
in the water. The cottony fungal
hyphal-tufts may very clearly be
seen floating on the body surface,
sometimes with bruised area
(Figure 2 A). However, you may

Figure 2: Disease symptoms in fishes
A: Dermatomycoses; B: Branchiomycoses; C, D: Deep mycoses

not observe this outside the
water. Other easily recognized
symptoms are of
branchiomycoses. The gill region
of fish changes its colour from
bright red to brown or grey
(Figure 2 B). Generally, the fish-
vendors cover the affected fish-
gills with fresh fish blood to hide
the symptoms; therefore, one
should get the gill region washed
before observation. The
symptoms of deep-mycoses are
very conveniently observed
because of deep tissue damage in
the form of wounds (Figure 2 C,
D).

The taste and the quality of
the diseased fish varies to lower
side and fail to provide required
amount of protein and therefore,
one should be cautious to avoid
purchase of fish having disease
symptoms.
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Makar Sankranti: Celebrating Sun, Season and
Social Bonding across India

Abstract

Makar Sankranti is a solar seasonal
festival that marks the transition of
the Sun into Makara (Capricorn) and
the onset of Uttarayana, symbolis-
ing longer days, renewed agricul-
tural cycles and changing human-
environment relationships across
India. Celebrated under diverse
regional names such as Pongal,
Magh Bihu, Uttarayan and Khichdi
Parva, the festival transcends
linguistic and geographic bound-
aries while preserving a shared spirit
of gratitude to nature, celebration of
harvest, and strengthening of social
bonds. This article explores Makar
Sankranti through an integrated lens
of history, astronomy, agriculture,
food traditions, health, and commu-
nity life. It highlights how rituals
such as river bathing, sun worship,
bonfires, charity and collective
feasting are grounded not only in
spiritual belief but also in scientific
and ecological principles. Special
attention is given to regional
traditions in Odisha, Assam and
Uttar Pradesh, illustrating how
local customs, foods and fairs
express cultural diversity within a
unifying national theme. The paper
also discusses the nutritional value
of festival foods such as sesame,
jaggery and khichdi, emphasising
their relevance for winter wellness
and seasonal adaptation. Overall,
the article argues that Makar
Sankranti is more than a religious
occasion; it is a holistic celebration
of the Sun, seasonality, agricultural
heritage, social harmony and
sustainable living, offering valuable
insights for contemporary society.

Key words: Makar Sankranti,
Uttarayana, Harvest festival,
Cultural traditions, Seasonal foods
and health, social bonding and
rituals.

Sunita Mishra and Kuril Sanjeet

Introduction

Makar Sankranti is one of the
oldest and most widely cele-
brated seasonal festivals of India.
It is observed every year in mid-
January when the Sun enters the
zodiac sign Makara (Capricorn).
This celestial transition is known
as Uttarayana, the northward
movement of the Sun, and it is
associated with longer days and
the gradual end of winter. The
festival marks a turning point in
the agricultural calendar, the
rhythm of rural life, and the
cultural life of communities [1].
Unlike many festivals that follow
the lunar calendar and change
dates each year, Makar Sankranti
is largely a solar festival, so it
usually falls on the same date,
around 14th January. Across
India it is known by different
names: Pongal in Tamil Nadu,
Lohri in Punjab, Magh Bihu in
Assam, Uttarayan in Gujarat,
Makara Sankranti in Odisha and
Uttarakhand, Khichdi festival in
Uttar Pradesh and Bihar [2].
Though names, languages and
customs differ, the central idea
remains the same-gratitude to
nature, celebration of harvest,
warmth of community and
respect for the Sun as the life-
giving force. The festival com-
bines elements of astronomy,
agriculture, nutrition, music,
crafts and social customs. It links
science with daily life in a natural
and joyful manner [3].

Historical Roots and
Mythological Background

The history of Makar Sankranti

*Department of Food and Nutrition, Babasaheb Bhimrao Ambedkar University, Lucknow.
Corresponding author email : sunitabbau@gmail.com

goes back to ancient times. Early
Indian civilizations closely
observed the motion of the Sun
and stars because farming,
climate and river cycles
depended upon seasonal
changes. The shift to Uttarayana
was therefore seen as a positive,
auspicious period associated
with renewal. Ancient Indian
texts refer to Uttarayana as a
sacred time for new beginnings
[4]. According to traditional
belief, Bhishma Pitamah in the
Mahabharata chose to leave his
body during Uttarayana, as it was
considered spiritually
favourable. In many legends, the
Sun is depicted as the symbol of
energy, knowledge, discipline
and health, travelling forward in
its chariot drawn by seven horses,
representing seven days of the
week or seven colours of light.
Historically, Makar Sankranti
also marked a harvest milestone.
After months of hard work in the
fields, farmers brought home
new crops. Communities
celebrated both the success of
agriculture and the hope of
prosperity. The festival became
an occasion to gather, share food,
sing folk songs and renew social
unity [5].

Astronomical and Seasonal
Significance

Scientifically, Makar Sankranti
represents the apparent
movement of the Sun towards the
northern hemisphere. With this
movement: daylight hours
gradually increase, winter slowly
weakens, temperatures begin to
rise, new growth begins in fields
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and gardens. This seasonal
change influences traditional
food habits [4]. Sesame, jaggery,
ghee, nuts and pulses are
commonly eaten because they
provide warmth and energy
during cold weather.
Communities across India
discovered through experience
that certain foods help the body
adapt to winter, and these
became part of festival recipes.
Thus, nutrition and seasonal
science are embedded in culture

[5].
Regional Celebrations Across
India

Makar Sankranti in Odisha:
Tradition, Food and Community
Bonding

Makar Sankranti holds a special
cultural and emotional place in
Odisha. Here it is known simply
as Makara Sankranti or Makara
Mela in many regions. The word
Makara refers to the zodiac sign
Capricorn, and Sankranti refers to
the transition of the Sun from one
sign to another. For the people of
Odisha, this festival signals the
end of the peak winter period and
the arrival of a warmer
agricultural season, along with
joy, gratitude and social
celebration [6].

Religious significance and
worship practices

In Odisha, Makara Sankranti is
closely connected with the
worship of the Sun and other
deities such as Lord Jagannath,
Lord Shiva and various village
guardian gods and goddesses.
Many devotees visit temples
early in the morning, take ritual
baths in rivers or ponds, and offer
water to the rising Sun. They pray
for health, good harvest,
happiness of family members
and peace in the community. In
several regions, special fairs and
gatherings are organised near
temples or riverbanks [5,6]. These
are known as Makara Melas.
People from surrounding villages

come together, dressed in
traditional clothes, to purchase
handicrafts, enjoy folk music and
take part in rituals. The festival
therefore connects religion with
social life [7].

Makara Chaula: The heart of the
celebration

One of the most distinctive
features of Makara Sankranti in
Odisha is the preparation and
sharing of Makara Chaula. This is
a traditional offering and food
made especially for the festival. It
is prepared using: newly
harvested rice, coarsely broken or
lightly pounded, fresh milk or
chhena (curd cheese in some
areas), jaggery or sugarcane juice,
grated coconut, banana slices,
seasonal fruits such as sugarcane
pieces, dates or jujube (ber) [8].
Before anyone eats it, Makara
Chaula is first offered to the Sun
deity or to Lord Jagannath. After
prayers, itis shared among family
members, neighbours and guests.
The use of newly harvested rice
symbolises freshness, prosperity
and gratitude toward theland [8].

Custom of feeding each other

A unique and beautiful practice
found in several parts of Odisha
is the act of friends or relatives
feeding each other with a spoon.
This symbolic gesture represents:
Friendship, forgiveness,
emotional closeness, equality and
social harmony. People sit
together, call upon Sangatha or
Makara, and exchange good
wishes for the year ahead. This
simple act reflects a deeper
message that festivals are not
only aboutritual worship butalso
about strengthening human
relationships [7,8].

Traditional foods beyond
Makara Chaula

While Makara Chaula is central,
many other dishes are also
prepared and enjoyed during this
time. These include: Khichdi
made of rice and lentils, curries of
seasonal vegetables like

pumpkin, beans and leafy greens,
roasted sesame seeds, til laddus
and sweets made from jaggery,
pitha varieties such as arsaa pitha,
manda pitha, and kakara in some
households Sesame and jaggery
are regarded as warming foods
suitable for winter. These
ingredients are also nutritionally
rich and symbolise well-being
and sweetness in relationships

[91.
Community gatherings and fairs

Makara Sankranti in Odisha is
not limited to home rituals. Many
villages and towns organise
community feasts, fairs and
cultural programmes. People
visit nearby towns to attend
melas, buy toys, earthenware,
household items and enjoy folk
performances. Children look
forward to these events, as they
get to meet friends, eat sweets
and spend time outdoors. The
atmosphere becomes festive with
music, laughter and colourful
stalls. For rural communities, it is
also an opportunity for informal
trade and social exchange [10].

Kite flying and outdoor
celebrations

In some regions of Odisha,
especially urban and coastal
areas, kite flying has become an
enjoyable part of the festival.
Brightly coloured kites fill the
sky, and rooftops become lively
spaces for families and children.
Though kite flying is not
traditional everywhere in
Odisha, it has gradually blended
with Makara Sankranti
celebrations due to cultural
exchange with neighbouring
states. Outdoor activities also
encourage people to spend more
time in winter sunlight, which
has both health and
psychological benefits [9,10].
Folk beliefs and local variations
Like many Indian festivals,
Makara Sankranti in Odisha also

contains rich folk traditions and
local customs. In tribal and rural
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areas, communities celebrate the
festival with: Drum music, group
dances, offerings to nature and
forest spirits, exchange of grains
and small gifts Some
communities view Makara
Sankranti as the beginning of the
agricultural cycle for the new
year, while others associate it
with ancestral remembrance.
These variations show how the
same festival adapts to different
cultural contexts within the state

[10].

Nutritional and seasonal science
behind the festival

The foods eaten during Makara
Sankranti in Odisha are not
chosen by accident. They match
the seasonal needs of the body.
Sesame, coconut, milk, jaggery
and rice: Provide warmth and
energy, support digestion during
winter, supply minerals such as
calcium and iron, help maintain
body strength during cold days
Makara Chaula, khichdi and
sesame sweets are therefore
examples of traditional
nutritional wisdom based on
experience long before modern
nutrition science existed. The
festival naturally connects diet,
climate and health [11].

Symbolism of gratitude and
renewal

At its core, Makara Sankranti in
Odisha represents: gratitude
toward the Sun and nature,
respect for agriculture and
farmers, renewal of hope for a
better year, unity of families and
communities by cooking
together, feeding one another,
attending fairs and performing
rituals, people reconnect with
cultural roots and reinforce social
bonds [11].

Assam: Magh Bihu / Bhogali
Bihu- A Celebration of Harvest,
Hearth and Community

In Assam, Makar Sankranti is
celebrated as Magh Bihu, also
called Bhogali Bihu. The word
Magh refers to the Assamese

month of Magh (January-
February), and Bhogali comes
from bhog, meaning enjoyment
and plentiful food. True to its
name, this festival is a joyful
expression of abundance after the
hard agricultural work of the
preceding months. As the paddy
crop is harvested and granaries
are full, people turn from toil to
celebration, thanking nature for
its generosity and praying for
prosperity in the coming year
[12].

Historical roots and agricultural
significance

Magh Bihu has deep roots in
agrarian life and ancient seasonal
rituals of Assam. Historically,
communities depending on rice
cultivation observed this time as
the closing of the harvest cycle. In
older days, granaries were
stocked with new paddy, fishing
and hunting were more common,
and households could afford to
celebrate with lavish meals. The
festival also carries traces of
nature worship, where fire, the
Sun, and land are honoured as
life-sustaining forces. Over time,
the celebrations evolved, but the
core ideas-gratitude, sharing
food, and strengthening
relations-have remained
unchanged [13]. The festival also
symbolises the end of the winter

chill and the coming of slightly
warmer days. Rural landscapes
during Magh Bihu are filled with
yellow paddy fields, smoky
bonfires, laughter, and the smell
of freshly cooked traditional
dishes. Even today, when urban
life is growing, people from
towns and cities return to villages
to celebrate with family
members, renewing their
connection with roots and rural
culture [13].

Uruka-the grand eve of feasting

The central excitement of Magh
Bihu begins on the previous
evening known as Uruka. On this
day, villagers and youth groups
collect firewood, vegetables, fish,
and other ingredients. In open
fields, temporary huts called
“Bhelaghars” are built using
bamboo, leaves, hay and thatch.
These huts are simple but
beautifully crafted with the help
of community effort. They
become centres of cooking,
singing and social bonding. As
night falls, large quantities of
food are prepared collectively.
Fish curries, rice dishes, meat
preparations, leafy vegetables
and traditional sweets are cooked
over wood fires [13]. People sit
together on the ground, sharing
meals without formality, which
reinforces unity beyond age,

-:II'I.-'!I
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wealth, or social status.
Storytelling, jokes, folk songs,
and light-hearted teasing
continue late into the night.
Young boys often guard the
Bhelaghars playfully, while
elders talk about past
celebrations and village
memories. In many areas, guests
from neighbouring villages are
warmly welcomed, making
Uruka an occasion of hospitality
and friendship [14].

Meji -fire, prayer and renewal

The next morning is the main day
of Magh Bihu. Before sunrise,
people gather around tall
structures of bamboo and straw
called Meji. The Meji is then set on
fire, rising in bright flames
against the winter sky. The act of
burning Meji symbolises offering
to the gods of nature and the
letting go of negativity, cold and
old troubles. People offer rice,
sesame, pithas and betel nuts into
the fire while praying for health,
fertile land and household
wellbeing [14]. As the flames die
down, people warm themselves
near the embers and sometimes
leap over small fires for fun,
especially children. Ashes from
the Meji are later scattered in the
fields or gardens with the belief
that they will enrich soil fertility.
This simple custom reflects the
close relationship of Assamese
people with their land and crops
[15].

Food traditions: the heart of
Bhogali celebration

Food is the soul of Magh Bihu.
The word Bhogali itself suggests a
festival of plenty. Various
traditional dishes are prepared,
many of which use freshly
harvested rice. The most famous
are pithas-rice cakes made in
different shapes and styles. Some
are steamed, some roasted, and
some stuffed with coconut and
jaggery. Sesame sweets and
laddus made from til and rice
powder are also cherished. Rice
beer in some communities,
smoked fish, roasted meat, curd,

cream and homemade ghee form
part of the festive menu. Tea
occupies a special place in
Assamese culture, and during
Magh Bihu, serving a warm cup
of Assam tea to guests is a gesture
of affection and respect. Family
kitchens stay active throughout
the day as relatives and
neighbours visit one another,
exchanging plates of sweets and
savouries [15].

Dance, games and community
life

Along with food, Bihu dance and
music are central to the
celebration. The rhythmic beats
of the dhol (drum), pepa (buffalo
horn pipe) and gogona fill the air.
Young men and women perform
lively Bihu dances wearing
colourful traditional clothes. The
dance movements express
happiness, love for nature and
youthful energy. Traditional
games such as egg-fighting,
buffalo fights (in some rural
pockets), wrestling and races add
to the excitement. Children run
around fields, fly kites, and enjoy
the freedom of open spaces [14,
15]. Community gatherings
strengthen social ties, and even
strangers are greeted warmly
during this season. The festival
becomes a time when quarrels are
forgotten and new friendships
blossom.

Cultural continuity in modern
times

Even though lifestyles are
changing, Magh Bihu continues
to remain a strong marker of
Assamese identity. Cities may
replace fields, and modern
kitchens may replace Bhelaghars,
but families still cook pithas, light
small fires, and gather together.
Schools and cultural
organisations hold Bihu dances
and food fairs, helping younger
generations understand the
meaning of the festival. Magh
Bihu today stands as a bridge
between tradition and
modernity, individuals and
community, humans and nature.

It reminds people that festivals
are not just about rituals, but
about caring, sharing and
celebrating the rhythm of seasons
[16].

Essence of Magh Bihu

In essence, Magh Bihu or Bhogali
Bihu in Assam is much more than
a date on the calendar. It is
gratitude for harvest, warmth in
winter, laughter around bonfires,
aroma of fresh pitha, music of
Bihu drums, and the joy of being
together. It beautifully reflects
how Assamese culture honours
nature, values relationships, and
transforms agricultural life into
meaningful celebration [13,16].

Uttar Pradesh: Khichdi Festival-
Devotion, Donation and the Joy
of Simplicity

In Uttar Pradesh, Makar
Sankranti is lovingly known as
the Khichdi festival. The name
itself reflects the spirit of the day-
simplicity, purity and sharing. As
the Sun enters the zodiac sign of
Capricorn and the period of
Uttarayana begins, people in
Uttar Pradesh see this festival asa
sacred time to pray, bathe in holy
rivers, cook humble meals and
help those who are less fortunate.
The festival combines devotion,
seasonal change and social
responsibility in a beautiful
manner [17].

Spiritual meaning and ancient
traditions

Uttar Pradesh is home to many
holy rivers and pilgrimage
centres, including Prayagraj,
Varanasi, Haridwar (UP region),
and Ayodhya. For centuries,
sages and common people alike
have believed that bathing in
sacred rivers on Makar Sankranti
washes away sins and brings
inner purification. Ancient
scriptures mention this day as the
time when the Sun begins its
northward movement,
symbolising knowledge,
positivity and spiritual growth.
People wake up early before
sunrise, chant prayers, and
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proceed towards the banks of the
Ganga, Yamuna, Sarayu and
other rivers. Wrapped in woollen
shawls during the winter chill,
devotees patiently wait for dawn.
As the first rays of the Sun fall on
the water, they take ritual dips
and offer arghya-water offered to
the rising Sun while reciting
mantras. The calm sound of
flowing river and collective
chants create a deeply devotional
atmosphere [12,17].

Khichdi- the humble but central
delicacy

The festival is associated with the
preparation of khichdi, a simple
but nourishing dish made from
rice and lentils. The combination
of grains symbolises equality and
unity, as both ingredients are
cooked together and shared
without discrimination. In many
homes, khichdi for this day is
cooked with ghee, cumin, peas, or
seasonal vegetables, though the
basic form remains plain and
sattvic. Khichdi is first offered to
deities, especially Surya (Sun
God) and local household gods,
and afterwards served to all
family members. Elderly people
often remark that the soft texture
of khichdi suits the winter season,
providing warmth and easy
digestion. Eating simple food on
Makar Sankranti is also seen as a
practice of self-discipline and
gratitude toward nature [17].

The importance of sesame and
jaggery sweets

Just as khichdi is the main meal,
til (sesame) and gud (jaggery)
hold great ritual value.
According to traditional belief,
sesame warms the body during
winter and cleanses impurities.
Therefore, sweets such as til-gud
laddus, revdi, gajak, peanut
chikki and almond chikki are
prepared and distributed.
Exchanging til-gud sweets comes
with the message of goodwill-
people say in essence, “eat sweet
and speak sweet”, encouraging
harmony in relationships.

Children especially enjoy
crunchy chikkis and revdis, while
elders appreciate sesame laddus
made with purejaggery [17].

Bathing fairs and pilgrimages

On this day, large bathing
gatherings are seen at river ghats
across the state. The banks of
Prayagraj Sangam become
particularly crowded, as Makar
Sankranti also marks the
beginning of the Magh Mela, a
traditional fair lasting several
weeks. Temporary camps are set
up for pilgrims, saints deliver
spiritual discourses, and
devotional songs echo
throughout the area. Families
travel from nearby villages to
participate, carrying food,
blankets and offerings. Even
those who cannot travel to major
pilgrimage cities perform
ceremonial bathing at nearby
ponds or local rivers, keeping the
essence of the festival alive in
every settlement of Uttar Pradesh
[16,17].

Charity and social
responsibility

One of the most striking features
of Makar Sankranti in Uttar

Pradesh is the strong emphasis on
daan (charity). It is believed that

giving on this day brings
blessings and helps reduce
suffering in the community.
People donate khichdi
ingredients, grains, jaggery,
sesame seeds, blankets, woollen
clothes and utensils to priests,
poor households, or wandering
ascetics. Many families prepare
extra food just to distribute it to
the needy. Temples organise
community meals, and villagers
contribute jointly for large-scale
feasts. This practice reflects a
deeply rooted cultural value:
festivals are meaningful only
when joy is shared with others
[17].

Fairs, folklore and household
celebrations

Apart from holy bathing and
donations, homes across Uttar
Pradesh celebrate the day with
warmth and simplicity.
Household's clean courtyards,
decorate entrances with rangoli,
and light lamps in the evening.
Farmers, happy with harvested
crops, pray for a good
agricultural year ahead. In some
regions, people also fly Kkites,
creating colourful skies and
friendly competition among
children and youngsters. In rural
areas, folk songs about the Sun,

of Harvest,
Hearth and
Community

Magh Bihu / ™
i  Bhogali Bihu
. in Assam
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seasons and farming are sung in
groups. Elders narrate stories of
past Sankranti festivals-how
riverside fairs used to be
organised, how bullock carts
brought villagers together, and
how khichdi was cooked in large
clay pots for entire communities
[10,17].

Contemporary relevance

Even today, in an age of busy
schedules and modern lifestyle,
the Khichdi festival has notlostits
importance in Uttar Pradesh.
Urban families may celebrate in
smaller ways, but the key aspects-
ritual bath, simple food, sweets of
til and gud, and charity-remain
unchanged. The festival also
serves as a reminder of social
equality, as khichdi is a dish that
everyone can prepare and share
regardless of wealth [17].

Essence of Makar Sankranti in
Uttar Pradesh

To sum up, Makar Sankranti in
Uttar Pradesh beautifully
combines devotion, simplicity
and compassion. From holy dips
in riverbanks to the aroma of
khichdi cooking in kitchens, from
crunchy til-gud sweets to
heartfelt acts of charity, every
element expresses gratitude to
the Sun and solidarity within
society. The festival teaches that
true celebration lies not in luxury,
but in purity of mind, kindness to
others, and togetherness at home
and in the community [18].

Food Traditions and Health
Perspective

Festivals in India are never
complete without food, and
Makar Sankranti is a perfect
example of how traditional
dishes are closely linked with
both culture and health [18]. The
foods prepared during this
festival are not random
selections; they have developed
over generations in response to
climate, agricultural availability,
nutritional wisdom, and seasonal
needs of the human body. The
winter season around Makar

Sankranti is cold and dry in many
parts of India, and the foods
associated with the festival are
warming, energy-rich, and easy
to digest. Thus, the culinary
practices of this festival illustrate
the deep relationship between
traditional knowledge and
modern nutrition science [19].

Seasonal ingredients and their
cultural meaning

Most foods prepared during
Makar Sankranti are made from
newly harvested crops such as
rice, wheat, sesame seeds,
sugarcane and pulses. Farmers
celebrate the success of their hard
work by cooking dishes from the
fresh produce they have just
gathered. This reinforces the
emotional connection between
people and the land that sustains
them. Using the first harvest in
religious offerings symbolises
respect toward nature,
acknowledging that food is not
merely a commodity, but a
blessing. Sesame seeds, jaggery,
rice, lentils and milk-based
preparations dominate the festive
menu [17, 19]. These foods are
rich in calories and
micronutrients, supporting the
body during the cold season
when metabolic demands are
higher. Traditional beliefs
surrounding these foods often
reflect accurate scientific
principles. For instance, it is
commonly said that sesame
“warms the body”, which aligns
with its high content of healthy
fats and minerals that help
maintain body temperature and
support energy levels in winter.

The significance of sesame and
jaggery

Til (sesame) and gud (jaggery)
hold a central place in Makar
Sankranti celebrations across
India. They are combined to make
sweets such as laddus, chikki,
gajak, and revdi. From a cultural
point of view, sesame and jaggery
symbolise sweet speech,
harmonious relationships and

purity of intention. People
exchange these sweets with
messages of goodwill,
strengthening social bonds. From
a health perspective, sesame
seeds are a valuable source of
calcium, iron, magnesium, zinc
and healthy fats. They provide
sustained energy, support bone
health and aid in maintaining
healthy skin during dry winter
months. Jaggery, unlike refined
sugar, contains trace minerals
such as iron and potassium and
acts as a natural digestive aid. It
also helps keep the throat warm
and reduces cough tendency
during winter. Together, sesame
and jaggery create sweets that are
not only delicious but also
nutritionally meaningful [20].

Khichdi and balanced nutrition

One of the most common dishes
eaten on Makar Sankranti is
khichdi, a simple preparation of
rice and lentils cooked together.
Though humble in appearance,
khichdi represents an ideal
combination of carbohydrates,
proteins and dietary fibre. Rice
provides energy, while lentils
offer protein essential for tissue
repair and strength. When
cooked with small amounts of
ghee and seasonal vegetables,
khichdi becomes a balanced meal
that is light on the stomach yet
nourishing. Khichdi is
considered sattvic food in Indian
tradition-pure, gentle and
suitable for all age groups. It
supports digestion, particularly
during winter when heavy foods
may cause discomfort. This dish
also reflects the social idea of
equality, because it is prepared
from easily available ingredients
and shared widely, regardless of
social or economic differences. In
many regions, khichdi made on
Makar Sankranti is also donated
to the needy, combining nutrition
with compassion [21].

Milk, rice and coconut-based
festive dishes

In states like Odisha and Assam,
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festival foods often include
preparations made from milk,
coconut, banana and seasonal
fruits mixed with newly
harvested rice. These dishes
provide a blend of natural sugars,
fats, vitamins and minerals. Milk
contributes high-quality protein
and calcium, supporting growth
and bone health, while coconut
adds healthy fats and fibre.
Bananas supply potassium and
easily digestible energy. Such
mixtures are especially valuable
in winter months, when the body
requires extra calories and
warmth. Offering these foods
first to deities and then sharing
among family members
reinforces the idea that eating is a
social and spiritual act, not
merely a physical need. These
traditions encourage gratitude,
moderation and togetherness at
mealtimes [21].

Oil seeds and winter wellness

Apart from sesame, other oil
seeds such as peanuts and flax
seeds are commonly used around
Makar Sankranti. Sweets like

peanut chikki and almond chikki
are popular in Uttar Pradesh and
neighbouring states. These foods
are calorie-dense and rich in
omega fatty acids, vitamin E and
plant proteins. They help
maintain skin moisture, support
heart health, and provide lasting
energy in cold weather.
Communities developed these
recipes long before modern
nutrition science could
theoretically explain their
benefits, showing the intuitive
knowledge embedded in food
culture [ 20, 21].

Digestive health and traditional
food wisdom

Many festival dishes are
prepared with ingredients that
support digestion. Jaggery,
roasted sesame, ginger, ghee and
certain spices stimulate digestive
juices and keep the gut active in
winter. Instead of heavy fried
snacks, several regions
emphasise steamed rice cakes,
roasted seeds and lightly spiced
preparations, which are easier on
the stomach. This aligns with

Ayurveda, which recommends
warm, freshly cooked foods
during cold seasons to maintain
internal balance. Eating patterns
during Makar Sankranti also
often include moderation. Even
when sweets are consumed, they
are shared in small, symbolic
portions rather than excessive
quantities. This cultural practice
naturally prevents
overconsumption and promotes
mindful eating-concepts that
nutrition science strongly
supports today [22].

From household kitchens to
community health

The food traditions of Makar
Sankranti extend beyond
individual families. Community
feasts, temple kitchens and
charitable meal distributions
contribute to food security and
social welfare. Poor and elderly
people receive nourishing dishes
such as khichdi, sesame sweets
and warm clothing. These
customs reduce seasonal
vulnerability and emphasise the
ethical dimension of nutrition-
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food as a shared resource rather
than private property. Such
practices highlight the idea that
good health is not only personal
but collective. When society
ensures that the weakest
members are fed, the whole
community becomes healthier
and more harmonious. Festivals
like Makar Sankranti remind
people to look beyond
themselves and recognize hunger
as ashared responsibility [20, 22].

Integrating tradition with
modern nutrition science

Modern nutrition research
increasingly supports what
traditional festival foods have
practiced for centuries. Energy-
dense foods like sesame and
peanuts are excellent for winter.
Whole grains and pulses provide
fibre and protein. Jaggery offers
minerals absent in refined sugar.
Seasonal fruits and vegetables
supply antioxidants that
strengthen immunity. Fermented
and cooked foods protect
digestive health in cooler
climates. Therefore, the food
culture of Makar Sankranti is not
outdated; it remains highly
relevant today. By valuing
traditional dishes, we preserve
cultural heritage while
promoting scientific principles of
balanced diet, seasonal eating
and community nourishment

[22].

The holistic health message of
Makar Sankranti

Overall, the food traditions of
Makar Sankranti convey a clear
and meaningful message: eat
according to the season, share
what you have, and treat food
with respect. The dishes cooked
on this day are designed to warm
the body, strengthen immunity
and bring families together
around common meals. They
remind us that health is not just
the absence of disease-it is a
harmonious balance of body,
mind, society and environment
[22].

Kite Flying and Community Joy

Kite flying is one of the most
vibrant and joyful features of
Makar Sankranti in many parts of
India. As the winter sun shines
brightly in a clear blue sky,
rooftops, open fields and
riverbanks turn into lively
gathering places. Children, youth
and even elderly people
participate enthusiastically,
turning the festival into a
colourful celebration of freedom
and friendship. The sky dotted
with countless kites of different
shapes and sizes becomes a
symbol of happiness and hope.
Flying kites on this day is often
linked with the arrival of longer,
sunnier days. After weeks of cold
weather, people come outdoors,
absorb sunlight, and spend time
together. Traditionally, sunlight
during this period is believed to
improve health by providing
warmth and supporting vitamin
D synthesis, and therefore kite
flying naturally encourages
people to remain active in the
open air [22, 23]. The gentle
winter breeze, laughter, and
friendly competition create an
atmosphere of energy and
positivity. The activity is rarely
done alone. Families gather on
terraces with reels of colourful
threads, snacks and warm
beverages. Neighbours call out to
each other, share kites, and cheer
whenever one kite cuts another in
playful rivalry. Music plays in the
background, and younger
children learn how to hold and
balance kites from older family
members, turning the practice
into an informal lesson in skill
and coordination. The festival
thus strengthens
intergenerational bonding, as
knowledge is passed from elders
to the young [24].

Kite flying also promotes
community interaction beyond
the household. People visit
friends' homes, exchange sweets
made of sesame and jaggery, and
celebrate victories and losses
with equal enthusiasm. The
competitive shout of “wo kaata!”

or local equivalents echoes across
towns and villages, but the
underlying mood remains
friendly rather than aggressive.
Even spectators who do not fly
kites enjoy watching the
colourful sky and the excitement
around them. In this way, kite
flying during Makar Sankranti
becomes much more than a
recreational activity. It brings
people out of isolation,
encourages physical movement,
supports mental relaxation, and
builds a sense of togetherness.
The bright kites rising against the
winter sun represent not only
festive play but also the human
desire to lift spirits, share joy and
welcome a season of light,
warmth and renewed social
connection [25].

Social Bonding and Cultural
Meaning

Makar Sankranti is not only a
seasonal or religious festival; it is
an important occasion for
strengthening social
relationships and reaffirming
cultural values. On this day,
families, neighbours and
communities come together in a
spirit of warmth and sharing.
Visits to relatives, exchange of
sweets, joint meals and
participation in rituals create
opportunities for people to
reconnect, resolve past
misunderstandings and start the
new season with goodwill. The
festival therefore acts as a social
bridge that links individuals,
generations and communities.
Customs such as taking a holy
bath, offering prayers to the Sun,
or donating food and clothes to
the less privileged carry deeper
cultural messages. They remind
people of gratitude toward
nature, respect for elders and
responsibility toward society
[26]. Charity during Makar
Sankranti symbolises the idea
that prosperity gains meaning
only when it is shared. In rural
areas, farmers express thanks for
the harvest, while in urban homes
families express thankfulness for
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safety, health and togetherness.
In both settings, the festival
reinforces an ethic of mutual
support.

The gathering of people in
public spaces-riverbanks, temple
courtyards, village squares and
rooftops-creates a sense of
collective identity. Songs, local
fairs, kite flying and community
feasts encourage interaction
beyond household boundaries.
Children play together, elders
exchange blessings, and friends
renew bonds formed in earlier
years. For many, this day
becomes an opportunity to meet
people whom they may not see
regularly, strengthening ties that
hold the social fabric together.
Culturally, Makar Sankranti also
marks transition and renewal.
The movement of the Sun into a
new zodiac sign is interpreted as
a shift toward light, growth and
positive change. People take
vows to improve habits, work
harder, or maintain harmony in
relationships. Traditional stories,
folk performances and regional
rituals associated with the
festival pass on values such as
courage, humility and respect for
nature to younger generations.
Thus, the festival serves as a
living classroom where cultural
knowledge is experienced rather
than merely taught [26].

Scientific Meaning Behind
Rituals

Many rituals performed during
Makar Sankranti have deep
scientific reasoning, even though
they are expressed in religious or
cultural forms. The festival
coincides with an important
astronomical event: the Sun's
apparent movement toward the
northern hemisphere, known as
Uttarayana. During this period,
the intensity and duration of
sunlight gradually increase in
India. Longer days and stronger
sunlight influence climate,
agriculture and human
physiology. Traditional practices
associated with Makar Sankranti

recognise these natural changes
and help people adapt to the new
season [27].

One of the most common
rituals of the festival is taking an
early morning bath in rivers or
ponds. From a scientific point of
view, this practice helps in
personal hygiene at a time when
winter illnesses are common.
Exposure to the morning Sun
after bathing also improves
vitamin D synthesis in the skin,
which is important for bone
health and immunity. Cold water
bath stimulates blood circulation
and awakens the nervous system,
providing a feeling of freshness
and alertness. The idea of bathing
at sunrise symbolically connects
purification of the body with
renewal of nature. Offering water
to the Sun and spending time in
sunlight has its own
physiological benefits [28].
Sunlight helps regulate the
biological clock of the human
body and improves mood by
triggering the release of
serotonin. After the long winter
period, increased sunlight
reduces lethargy and supports
overall metabolic activity.
Traditional reverence to the Sun
can therefore be seen as an
expression of respect toward the
primary source of energy for
Earth, which sustains crops,
animals and humans alike. Food
customs of Makar Sankranti also
have scientific foundations.
Sesame, jaggery, peanuts and
ghee are commonly consumed
during this festival. Sesame seeds
are rich in healthy fats, calcium
and iron, while jaggery contains
minerals and acts as a natural
energiser. These foods generate
warmth in the body, which is
useful in the cold season.
Khichdi, a combination of rice
and lentils, is nutritionally
balanced and easy to digest,
helping the digestive system
adjust during seasonal transition.
Thus, ritual foods actually
function as seasonal dietary

therapy. Lighting bonfires,
cooking collectively and sitting
together around the fire also have
environmental and health
significance [29]. Fire provides
warmth during winter and helps
disinfect the surrounding air to
some extent. Smoke from
controlled burning of dry plant
materials reduces insect
population near human
settlements. Community fires
promote social interaction,
reduce isolation and support
mental well-being, an aspect
increasingly recognised by
modern psychology. Charity and
sharing of food with the needy
may appear religious but they,
too, have practical social science
value. These practices reduce
food waste, redistribute
resources and support vulnerable
groups during harsh winter
months. Acts of giving
strengthen social cooperation
and emotional support systems
within communities. From a
sociological perspective, these
rituals help maintain harmony,
reduce stress and promote
collective resilience. The timing
of agricultural practices around
Makar Sankranti also reflects
scientific awareness. Harvest
festivals mark the end of crop-
growing season and preparation
for the next agricultural cycle.
Observing rituals before storing
grains or sowing new seeds
serves as a reminder to follow
proper storage, pest protection
and soil management techniques.
Traditional wisdom about
seasons, winds, soil moisture and
sunlight was encoded in cultural
rituals long before modern
meteorology and agronomy
developed [30].

Thus, the rituals of Makar
Sankranti are not merely
symbolic; many of them are
rooted in ecological balance,
nutritional science, human
physiology and social wellbeing.
The blending of science with
culture has allowed communities
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to follow healthy and sustainable
practices across generations. By
understanding the scientific
meaning behind rituals, the
festival can be appreciated not
only as areligious celebration but
also as a thoughtful way of living
in harmony with nature and
seasonal change [31].

Conclusion

Makar Sankranti stands as a
beautiful example of how
astronomy, agriculture and
culture come together in
everyday life. Though the
moment of the Sun's transition
into Makara is the same for
everyone, people across India
express their joy in diverse ways-
through food, rituals, music,
dance and social gatherings.
Odisha, Assam and Uttar
Pradesh each add their own
flavours to the festival while
sharing the common spirit of
gratitude for the harvest and
respect for the Sun. The customs
associated with Makar Sankranti
also carry deeper meanings.
Sharing sweets made of sesame
and jaggery promotes warmth,
friendship and good health
during winter. Feeding each
other, community feasts, bonfires
and kite flying all strengthen
human relationships and
encourage collective happiness.
Ritual bathing, charity and
worship remind people of ethical
living and social responsibility.

In essence, Makar Sankranti
is not only a festival of changing
seasons but also a celebration of
human connection. It encourages
harmony with nature, care for the
community and appreciation of
traditional wisdom. As these
practices continue across
generations, the festival keeps
alive the values of gratitude,
unity and hope for a prosperous
future.
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3" Rural Science Congress of PHSS Foundation, Lucknow was held during 9-11 March, 2026
in collaboration with Department of Management Studies,
Babasaheb Bhemrao Ambedkar University, Lucknow
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PROF. H. S. SRIVASTVA FOUNDATION
FOR SCIENCE & SOCIETY

Office No. 04, 1st Floor, Eldeco Xpress Plaza,
Uttrathia Raebareli Road, Lucknow
Website : : www.phssfoundation.org Email:phssoffice@gmail.com

Professor H. S. Srivastava Foundation for Science and Society is a national academic, non-profit voluntary
organization registered under the society Act 1860, in Lucknow.

A) CENTRE FORSUSTAINABLE AGRICULTUREAND ENVIRONMENT-

® AResearch and Development Centre of the Foundation,'Centre for Sustainable Agriculture and Environment'
is working for the basic and translational research in these fields, Science Communication, Development of women
and youth leadership and poverty elimination in the rural and peri-urban societies.

® The financial support is earned through the royalty, donation and sponsorship
B) Publication of International Research Journals-

® The Foundation is publishing a monthly research journal Physiology and Molecular Biology of Plants (PMBP;
Clarivate JCR Impact Factor 3.3) in collaboration with Springer Nature from 2002 which was started in 1995 by
another society.

C) Conferences, Seminar and Workshops-

® The Foundation is organises annual national/International conferences and periodical workshop, seminar and
training programmes for scientific interaction and science communication regularly.

® An Annual National Rural Science Congress has been started from 2022 to explore the issues and challenges of
sustainable rural development in India.

D) PHSS Foundation Awards-

® Five biennials' national awards are conferred to the distinct achievers in the different fields by the Foundation from
2012.

E) Popular Science Magazine-

® A quarterly Multilingual People Science Magazine Kahaar (www.kahaar.in) is published from 2014 to
communicate science in general and concepts and practices of sustainable agriculture and environment in
particular for college and school students and rural youth.

We invite, you all the like-minded people across the age, gender, geography,
religion, and profession to join with us, collaborate and light the lamp for a better tomorrow.
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